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Objective: This study aimed to find the best dose of dexmedetomidine in spinal
anesthesia for cesarean section.

Methods: 120 American Society of Anesthesiologists (ASA) Class I and II parturients
undergoing elective cesarean delivery under spinal anesthesia were randomly allocated
into four groups treated with intrathecal ropivacaine (12 mg) alone (Group R) or in
combination with dexmedetomidine 5 µg (Group RD1), 7.5 µg (Group RD2) and 10
µg (Group RD3).Characteristics of spinal anesthesia, hemodynamic changes, adverse
effects, stress reactions and neonatal outcomes were recorded in the four groups.

Results: Patients in Group RD1, RD2, and RD3 had significantly longer sustained
sensory and motor block time than patients in Group R. All four groups had comparable
onset times of sensory and motor block. The time for the level of sensory block
to lower to S1 was longer in Group RD1 (411.07 ± 106.66 min), Group RD2
(397.03 ± 125.39 min) and Group RD3 (468.63 ± 116.43 min) than in Group R
(273.60 ± 88.34 min) (p < 0.001). The time to recover from motor block to a
Bromage score of IV was longer in Group RD1 (353.60.07 ± 137.28 min), Group
RD2 (350.57 ± 118.01 min) and Group RD3 (404.67 ± 112.83 min) than in Group
R (232.70 ± 93.29) (p < 0.01). The incidence of chills was significantly lower in the
Group RD1, RD2, and RD3 than in the Group R (p < 0.001). There was no significant
difference in the incidence of adverse effects such as hypotension, bradycardia, nausea,
vomiting, hypoxemia and pruritus in the four groups (p > 0.05). There was no statistically
significant visceral traction response or fentanyl use in the four groups (p > 0.05).
Phenylephrine dosing was significantly higher in Group RD2 and RD3 than in Group
R (p < 0.05), and there was no significant difference in phenylephrine dosing between
Group RD1 and Group R (p > 0.05). There were no statistical differences in postnatal
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Apgar scores (1 min, 5 min after birth) (p > 0.05). The postoperative concentrations of
β-endorphin (β-EP), cortisol (Cor) and tumor necrosis factor-α (TNF-α) in the Group RD1,
RD2, and RD3 were lower than that in Group R (p<0.05).

Conclusion: Intrathecal 5µg of dexmedetomidine as an adjuvant to ropivacaine relieved
intraoperative chills, did not increase intraoperative and postoperative adverse effects,
did not increase the amount of intraoperative vasoconstrictor used, and reduced
intraoperative stress reactions as well as prolonged the duration of maternal sensory
and motor block, so this dose is appropriate for cesarean section.

Clinical Trial Registration: [www.chictr.org.cn/], identifier [ChiCTR2200056052].

Keywords: cesarean section, dexmedetomidine, ropivacaine, spinal anesthesia, adverse effects

INTRODUCTION

Spinal anesthesia is the ideal choice of anesthesia for cesarean
section because of its rapid onset, safety, and effectiveness
(1, 2). Spinal anesthesia can induce a strong stress reaction
due to intraoperative awareness, mental tension, anxiety, and
discomfort of the visceral traction response (3). Post-anesthetic
chills are a common complication of spinal anesthesia (4).
Therefore, to improve the quality of anesthesia, intraoperative
drugs such as sedatives and analgesics are often needed to help
patients reduce adverse reactions (5).

Dexmedetomidine is a highly selective α2-adrenergic agonist,
and it is administered intrathecally. Dexmedetomidine acts
primarily on α2 receptors at the spinal cord level. In recent
years, some scholars concluded from clinical observations that
intrathecal dexmedetomidine injection in a cesarean section
could alleviate post-anesthetic chills, shorten the onset of lumbar
anesthesia, and improve the effectiveness of local anesthetics,
with no significant effects on neonates and no other adverse
events (6–9). Moreover, dexmedetomidine can promote uterine
contractions, so dexmedetomidine-assisted analgesia is safe after
cesarean section (10).

We hypothesize that dexmedetomidine combined with
ropivacaine for cesarean spinal block is safe and effective.
Considering that there is less evidence to clarify the
appropriate dose of intrathecal dexmedetomidine. Therefore,
we designed the present prospective, randomized, double-
blinded controlled study to investigate different doses of
dexmedetomidine combined with ropivacaine for the cesarean
spinal block. We aimed to investigate the optimal dose of
dexmedetomidine in spinal anesthesia for cesarean section
to provide a theoretical basis for the clinical application of
dexmedetomidine.

METHODS

Study Design
The study protocol was approved by the Research Ethics
Committee of the First Affiliated Hospital of Gannan Medical
College, at Ganzhou, Jiangxi Province, China (Number LLSC-
2021060701) and was also registered at in a Chinese Clinical Trial

Registry (ChiCTR2200056052). After arriving at the operating
room, all parturients signed a written and informed consent form.
All parturients were notified that dexmedetomidine had not been
approved for spinal anesthesia.

One hundred and twenty parturients [singleton pregnancy;
American Society of Anesthesiologists (ASA) physical status
I-II; age between 20 and 45 years; gestational age ≥ 37 weeks]
who were scheduled for elective cesarean section under
combined spinal-epidural anesthesia from June 2021 to
November 2021 were selected for the study. Parturients who
had contraindications to regional anesthesia, hypertension,
cardiopulmonary disease, chronic users of adrenergic receptor
blockers or calcium channel blockers, and a known history of
alcohol or substance abuse, multiple pregnancies, pregnancy
comorbidities, allergies to any of the drugs used in the study, and
a history of psychiatric disorders were excluded from the study.

Randomization was performed using a computer-generated
random number code placed in a sealed envelope. Before
anesthesia, an anesthesia assistant, who was not involved
in subsequent anesthesia administration or data collection,
prepared the anesthesia mixture based on the code number and
then gave it to the anesthesiologist, who was unaware of the
ratios of the drugs given. Dexmedetomidine was dissolved in
saline (Dexmedetomidine Hydrochloride Injection, 2 mL:200 µg,
Jiangsu Hengrui Pharmaceutical Co.) and was preservative-free
and contained no additives or chemical stabilizers.

Anesthetic Procedure
Parturients did not drink water for 6 h and fasted for 8-
10 h before the operation, and they received no preoperative
medication. Upon arrival at the operating room, a peripheral
vein was established to allow infusion access in all parturients,
and they were pre-infused 10 ml/kg of lactated Ringer’s solution,
and their electrocardiogram, non-invasive blood pressure, and
pulse oximetry were routinely monitored continuously. The
average of the first 3 readings was considered as the basal
NIBP, HR and SPO2. All parturients were administered 5 L/min
of oxygen by nasal cannula. Parturients who were assessed
eligible for enrollment were randomly assigned to any of
the four groups. The various treatment groups were as per
Table 1.

Frontiers in Medicine | www.frontiersin.org 2 July 2022 | Volume 9 | Article 922611

http://www.chictr.org.cn/
https://www.frontiersin.org/journals/medicine
https://www.frontiersin.org/
https://www.frontiersin.org/journals/medicine#articles


fmed-09-922611 July 1, 2022 Time: 15:41 # 3

Zhang et al. Dexmedetomidine, Ropivacaine, Cesarean Section

TABLE 1 | Grouping for the study.

Group R Intrathecal (I/T) ropivacaine 12mg (1.6 ml) + preservative free normal saline (1.4 ml)

Group RD1 I/T ropivacaine 12 mg (1.6 ml) + dexmedetomidine 5 µg (0.05 ml) + preservative free normal saline (1.35 ml)

Group RD2 I/T ropivacaine 12 mg (1.6 ml) + dexmedetomidine 7.5 µg (0.075 ml) + preservative free normal saline (1.325 ml)

Group RD3 I/T ropivacaine 12 mg (1.6 ml) + dexmedetomidine 10 µg (0.10 ml) + preservative free normal saline (1.30 ml)

Use an insulin syringe (1 ml) to measure < 1 ml of volume.

FIGURE 1 | Flow diagram of study.

TABLE 2 | Patients demographics and surgical characteristics.

Variable Group R (n = 30) Group RD1 (n = 30) Group RD2 (n = 30) Group RD3 (n = 30) P-value

Age (years) 30.00 ± 4.43 30.00 ± 5.59 30.83 ± 4.24 28.97 ± 4.88 0.495

Height (cm) 157.23 ± 4.38 159.07 ± 3.99 157.63 ± 3.99 157.90 ± 3.84 0.338

Weight (kg) 69.30 ± 9.37 67.48 ± 6.77 67.72 ± 7.79 65.35 ± 6.34 0.262

ASA (I:II) 3:27 6:24 5:25 7:23 0.568

Pregnancy (day) 271.93 ± 2.78 272.60 ± 6.38 273.10 ± 5.00 273.60 ± 6.42 0.765

Primipara: multipara 12:18 9:21 7:23 6:24 0.328

Delivery (min) 7.57 ± 5.76 8.53 ± 3.94 9.43 ± 4.10 8.67 ± 4.34 0.759

Duration of surgery (min) 59.87 ± 19.93 55.73 ± 18.21 59.43 ± 15.83 50.70 ± 14.28 0.145

Intraoperatve blood loss(ml) 315.00 ± 60.39 293.33 ± 36.52 300.00 ± 26.26 300.00 ± 45.49 0.277

Data are presented as a number or mean ± SD. ASA = American Society of Anesthesia. Statistical significance was defined as P < 0.05. *p < 0.05 compared with Group
R.
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The mixture used for spinal anesthesia was prepared prior
to anesthesia by an anesthesia assistant who was not involved
in subsequent anesthesia management or data collection and
was administered by a second anesthesiologist who was unaware
of the mixture’s ratios and performed combined spinal-epidural
anesthesia (CSEA) procedures.

During CSEA, all parturients were placed in the left lateral
position, and only one puncture point, L2-3, was operated
on for spinal and epidural anesthesia. After confirming the
free flow of cerebrospinal fluid, the mixture was injected
at the rate of 0.2ml/s (about 15 s). Then, the spinal needle
was removed, and the epidural catheter was indwelled 3–
4cm cephalad into the epidural space. No local anesthetic
test dose was administered via the epidural catheter. No
transparent cerebrospinal fluid or blood were extracted by
the catheter, which confirmed that the catheter was not
indwelled into the subarachnoid space and blood vessels.
Then the catheter was fixed externally, and the parturient was
immediately placed in the supine position with a 15-degree
incline to the left to reduce the risk of supine hypotension
syndrome. Data were recorded by the anesthesiologist
performing the block.

After delivery, 3 ml of 2% lidocaine was added epidurally
as a test dose of local anesthesia, and when there was no
significant change in hemodynamics and no maternal discomfort
after 5 min, the epidural catheter was connected to an
epidural self-control analgesic pump with sufentanil 50 µg plus
ropivacaine 150 mg which was diluted to 100 mL in saline
according to the following protocol: 2.5 ml/h continuous dose,
2.5 ml/h self-controlled dose, 15 min lock time, and 10ml/h
controlled maximum dose.

Intraoperative special case management: If the parturient
developed a SpO2 below 90%, the parturient was given mask-
assisted ventilation. If the HR was below 50 beats per minute,
the parturient was given intravenous atropine 0.5 mg. If the
blood pressure fell below 20% of the basal blood pressure,
the parturient was given phenylephrine 40µg intravenously,
and the dose could be repeated if necessary. If intraoperative
visceral traction response occurred, 0.05 mg fentanyl should be
injected intravenously immediately, and an additional 0.05 mg
fentanyl could be added if necessary. If the parturient experienced
intraoperative pain, 5 mL of 2% lidocaine was administered
epidurally and repeated every 10 min if necessary, and this case
was excluded from this study.

Measurements
The onset time and duration of the sensory nerve block were
recorded. Sensory nerve block onset time was defined as the time
from intrathecal injection of an anesthetic solution to the absence
of nociception in the T8 plane, measured every 2 min by needle
prick method until the absence of nociception at the T8 level was
reached. The duration of the sensory nerve block was defined as
the time from the onset of the sensory block to the descent of the
sensory block plane to S1, as assessed by needle pricking. After
the operation, the sensory block plane was measured at 10-min
intervals until the onset of decrement, then changed to 20-min
intervals until the sensory block plane dropped to the S1 plane.

The onset time and duration of the motor nerve block were
recorded. Motor nerve block onset time was defined as the
time required from the end of intrathecal drug injection until
the Bromage score reached a level I (Bromage scores: Grade
I: complete block, unable to move the ankle and knee; Grade
II: almost complete block, only able to move the ankle; Grade
III: partial block, able to move the knee and ankle; Grade IV:
no motor block). Duration of motor nerve block was defined
as the time it took for the Bromage score to recover from
grade I to grade IV.

When the sensory block reached the T8 plane, surgery was
allowed to begin. Mean arterial pressure (MAP), heart rate (HR),
and oxygen saturation (SpO2) were recorded at baseline, 5 min,
10 min, and 20 min after intrathecal administration, at delivery,
and at the end of the procedure. Intraoperative adverse effects
and the use of vasoactive drugs and fentanyl were recorded.
The adverse effects experienced by parturients within 24 h and
nerve deficits within one month were recorded after surgery.
Postoperative maternal serological stress indicators were tested,
such as β-endorphin (β-EP), cortisol (Cor) and tumor necrosis
factor (TNF-α). The weight of the newborn and the 1 min,
5 min Apgar score were recorded. Adverse reactions such as
chills, nausea and vomiting, and hypotension were also recorded.
Chills grading (11): (1 = no significant muscle tension observed;
2 = mild muscle tone in the occlusal muscles; 3 = proximal muscle
tremor; 4 = generalized tremor throughout the body).

Statistical Analysis
The sample size was estimated based on the intraoperative chillis
rate with a type I error of 0.05 and a power of 90%. Based on a
review of the literature (2), a sample size of 23 parturients per
group was necessary, and considering 15% of missing cases and
dropouts, a minimum of 27 parturients per group was ultimately
required. Thirty parturients were included in each group in this
study. Statistical analysis of data was processed using SPSS 23.0
statistical software. Data was expressed as means and standard
deviation (SD), medians and ranges, or numbers and percentages.
For categorical data (ASA classification, primipara: multipara),
Chi-square test or Fisher’s exact test was used. Continuous data
(age, weight, height, duration of pregnancy, time of fetal delivery,
duration of surgery, intraoperative blood loss, characteristics of
spinal anesthesia, adverse effects, stress reactions and neonatal
outcomes) were compared using analysis of variance (ANOVA).
If P value was significant, then post hoc comparisons among the
repeated measures in each group were performed by the Tukey
HSD method. Differences in the hemodynamic changes were
compared by repeated-measures ANOVA. The difference was
considered statistically significant when p < 0.05.

RESULTS

A total of 154 parturients entered this study. Among them,
15 cases did not meet the inclusion criteria, 12 cases did not
agree to participate in the study, two cases were excluded due
to epidural indwelling catheters insertion failure, intraoperative
hemorrhage occurred in one case, one case had an intraoperative
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FIGURE 2 | Mean arterial pressure (MAP) among the four groups. No
significant differences were noted between the groups.

FIGURE 3 | Heart rate (HR) among the four groups. No significant differences
were noted between the groups.

anaphylactic shock, and one case of anesthesia failed to reach
T8 block and had to be transferred to general anesthesia. Two
parturients were excluded from the trial because of additional
intraoperative lidocaine remedial analgesic doses. A total of
120 patients were divided into 4 groups, and 30 patients in
each group completed the experiment. The flow diagram of the
study is shown in Figure 1. Parturients characteristics of the
4 groups were comparable in terms of age, weight, height and
surgical characteristics. There was no significant difference in
demographic, obstetric, or surgical data between the four groups
(p > 0.05) (Table 2).

The mean arterial pressure (MAP), heart rate (HR), and
oxygen saturation (SPO2) were comparable across the four
groups during the intraoperative period (p > 0.05) (Figures 2–
4). No patient experienced respiratory distress at any time.
Peripheral oxygen saturation was consistently greater than 95%
in all patients.

There was no statistically significant difference in onset
times of sensory and motor block in Group RD1, RD2,
and RD3 compared with Group R (p > 0.05) (Figure 5).
Patients in Group RD1, RD2, and RD3 had significantly longer
sustained time of sensory and motor block than patients in Group
R. The time for the level of sensory block to drop to S1 plane
was longer in Group RD1 (411.07 ± 106.66 min), Group RD2

FIGURE 4 | SPO2 among the four groups. No significant differences were
noted between the groups.

FIGURE 5 | Onset time of sensory and motor block. *p < 0.05 compared with
Group R.

FIGURE 6 | Recovery time of sensory and motor block. ∗p < 0.05,
∗∗p < 0.01, ∗∗∗p < 0.001.

(397.03 ± 125.39 min) and Group RD3 (468.63 ± 116.43 min)
than in Group R (273.60 ± 88.34 min) (p < 0.001). The time
to recover from motor block to a Bromage score of IV was
longer in Group RD1 (353.60.07 ± 137.28 min), Group RD2
(350.57 ± 118.01 min) and Group RD3 (404.67 ± 112.83 min)
than in Group R (232.70 ± 93.29) (p < 0.01) (Figure 6).

The incidence of intraoperative chills was significantly lower
in Group RD1, RD2, and RD3 than in Group R (p < 0.001)
(Table 3). There was no significant difference in the incidence
of adverse effects such as hypotension, bradycardia, nausea,
vomiting, hypoxemia and pruritus in the four groups (p > 0.05)
(Tables 3, 4). There was no statistically significant difference in
visceral traction response or fentanyl use among the four groups
(p > 0.05) (Table 3). The need for intraoperative phenylephrine
dosing was significantly higher in Group RD2 and RD3 than in
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TABLE 3 | Intraoperative adverse reactions [n(%)], vasoactive drugs (times), fentanyl (mg) and neonatal conditions.

Variable Group R (n = 30) Group RD1 (n = 30) Group RD2 (n = 30) Group RD3 (n = 30) P-value

Chills [n(%)] 14(46.7) 4(13.3)* 4(13.3)* 3(10.0) * <0.001

Nausea [n(%)] 12(40.0) 9(30.0) 8(26.7) 9(30.0) 0.053

Vomiting [n(%)] 4(13.3) 5(16.7) 6(20.0) 5(16.7) 0.233

Hypotension [n(%)] 18(60.0) 17(56.7) 20(66.7) 18(60.0) 0.938

Bradycardia [n(%)] 5(16.7) 4(13.3) 9(30.0) 5(16.7) 0.373

Visceral traction response [n(%)] 7(23.3) 6(20.0) 6(20.0) 5(16.7) 0.885

Fentanyl consumption (mg) 0.50 0.35 0.35 0.3 0.797

Atropine (times) 2 2 3 3 0.935

Phenylephrine (times) 28 37 69* 73* 0.007

Newborn weight(g) 3365 ± 372 3334 ± 336 3275 ± 375 3307 ± 327 0.788

Apgar 1 min 10 (10,10) 10 (10,10) 10 (9,10) 10 (9,10) 0.295

Apgar 5 min 10 (10,10) 10 (10,10) 10 (10,10) 10 (10,10) 1

Data are presented as a number or means ± SD or median and range or numbers and percentages. Fentanyl consumption = total dose of fentanyl consumption during
the operation. *p < 0.05 compared with Group R.

TABLE 4 | Adverse events within 24 h after surgery [n(%)].

Variable Group R (n = 30) Group RD1 (n = 30) Group RD2 (n = 30) Group RD3 (n = 30) P-value

Chills [n(%)] 10(33.3) 5(16.7) 4(13.3) 4(13.3) 0.196

Nausea [n(%)] 5(16.7) 6(20.0) 5(16.7) 7(23.3) 0.784

Vomiting [n(%)] 5(16.7) 4(13.3) 5(16.7) 6(20.0) 0.138

Pruritus [n(%)] 1(3.3) 0(0) 0(0) 0(0) 0.396

Hypotension [n(%)] 1(3.3) 1(3.3) 2(6.7) 0(0) 0.295

Respiratory depression [n(%)] 0(0) 0(0) 0(0) 0(0) 1

Bradycardia [n(%)] 2(6.7) 0(0) 0(0) 1(3.3) 0.547

CES [n(%)] 0(0) 0(0) 0(0) 0(0) 1

Urinary retention [n(%)] 0(0) 0(0) 0(0) 0(0) 1

PDPH [n(%)] 0(0) 0(0) 0(0) 0(0) 1

Neurological complication [n(%)] 0(0) 0(0) 0(0) 0(0) 1

Data are presented as a number. CES = Cauda Equina Syndrome. PDPH = Post dural puncture headache. *p < 0.05 compared with group R. There was no significant
difference among the four groups.

Group R, with P values of 0.048 and 0.010, and there was no
significant difference in phenylephrine dosing between Group
RD1 and Group R (p = 0.778) (Table 3).

None of the newborns in the four groups experienced
respiratory depression, none had a heart rate below 100
beats/min, and there were no statistical differences in postnatal
Apgar scores (1 min, 5 min after birth) (p > 0.05) (Table 3). No
newborns had an Apgar score lower than 9.

The postoperative concentrations of β-endorphin (β-EP),
cortisol (Cor) and tumor necrosis factor-α (TNF-α) in the
Group RD1, RD2, and RD3 were lower than that in Group R
(p < 0.001) (Table 5).

We followed up on the nerve deficit for another month after
surgery, and no signs and symptoms of nerve deficit were found
in any of the four groups.

DISCUSSION

In this prospective, randomized, double-blind, placebo-
controlled study, we observed that the addition of 5µg, 7.5µg, or
10µg of dexmedetomidine to ropivacaine during cesarean section

relieved intraoperative chills without increasing intraoperative
and postoperative side effects, prolonged sensory and motor
blockade, and decreased serological stress indicators. In addition,
5µg intrathecal dexmedetomidine as an adjuvant to ropivacaine
did not increase the dosage of vasoactive drugs, making this dose
more appropriate for cesarean delivery.

To optimize the effect of spinal anesthesia, a large number
of studies have been conducted in recent years on the use
of dexmedetomidine as an adjuvant to subarachnoid block in
the perinatal period (12, 13). Dexmedetomidine is a highly
selective, specific and potent α2-agonist (11, 14, 15). It inhibits
the release of norepinephrine and blocks the transmission of pain
signals to the brain center, mainly by acting on α2 receptors
in the spinal cord and periphery to produce the corresponding
pharmacological effects. It can also selectively stimulate the α2
adrenergic receptors in the locus coeruleus of the central nervous
system, inhibit the excitability of neurons in the locus coeruleus,
and thus inhibit the release of norepinephrine, and exert sedative,
analgesic, anti-anxiety and anti-sympathetic effects (16, 17).

Intrathecal dexmedetomidine is a safe adjuvant, which is
consistent with several studies (18, 19). Gupta et al. (18) found
that intrathecal 0.5% bupivacaine 3 ml compounded with 2.5µg,
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TABLE 5 | The postoperative concentrations of β-EP,Cortisol and TNF-α .

Variable Group R (n = 30) Group RD1 (n = 30) Group RD2 (n = 30) Group RD3 (n = 30) P-value

β-EP concentration (ng/L) 94.04 ± 4.75 90.66 ± 3.16* 88.22 ± 3.74* 84.63 ± 3.33* <0.001

Cortisol concentration (µg/L) 273.24 ± 10.04 243.68 ± 16.66* 230.70 ± 13.45* 222.96 ± 9.62* <0.001

TNF-α concentration (ng/L) 498.39 ± 24.91 479.30 ± 20.63* 463.30 ± 22.97* 423.57 ± 25.98* <0.001

Data are presented as means ± SD. *p < 0.05 compared with Group R.

5µg or 10µg dexmedetomidine was safe and did not increase
the incidence of adverse effects, and the addition of 10 µg
compared with 2.5 µg or 5 µg intrathecal dexmedetomidine
to 0.5% hyperbaric bupivacaine is associated with significantly
earlier onset of sensory and motor block as well as prolonged
duration of sensory block, motor block, analgesia, and the
time difference from the offset of the motor block to the
first analgesic requirement. Liu et al. (20) found that 5 µg
intrathecal dexmedetomidine enhances the efficacy of spinal
bupivacaine by 24% in patients undergoing cesarean section
with spinal anesthesia. No additional side effect was observed by
adding spinal dexmedetomidine. Tang et al. (11) concluded that
5 µg intrathecal dexmedetomidine reduced the ED50 of spinal
hyperbaric ropivacaine during cesarean section by approximately
18%. In comparing the effects of intrathecal dexmedetomidine
and intrathecal morphine as supplements to bupivacaine in
cesarean sections under spinal anesthesia, Qi et al. (7) found that
intrathecal dexmedetomidine (5 µg) significantly prolonged the
motor and sensory blockade, provided a similar analgesic effect
and reduced pruritus and shivering compared with morphine
(100 µg). Kurhekar et al. (21) found that dexmedetomidine
(2.5µg) was also effective in prolonging motor and sensory
nerve blocks and reducing the incidence of pruritus with no
other adverse side effects. He et al. (9) found that intrathecal
dexmedetomidine (5 µg) significantly reduced the incidence
and intensity of shivering induced by spinal anesthesia as an
adjunct to hyperbaric bupivacaine during cesarean delivery,
but intrathecal dexmedetomidine (2.5 µg) did not reduce the
incidence as well as the intensity of shivering. Naaz et al. (22)
showed that 10 µg of dexmedetomidine was the most optimal
intrathecal dose by weighing the prolongation of anesthesia
and analgesia and side effects when exploring the optimum
dose of dexmedetomidine for intrathecal application in lower
abdominal surgery.

We observed a significantly lower incidence of chills in
parturients who used dexmedetomidine as an adjuvant to
intrathecal ropivacaine than controls, consistent with previous
findings (7, 9, 11). It has been suggested that dexmedetomidine
reduces the occurrence of chills by suppressing the central
thermoregulatory system and decreasing the perioperative stress
response due to elevated adrenaline (23).

In addition, the incidence of nausea and vomiting did not
differ between the groups, consistent with previous findings
(5, 11). The reasons may be related to the operator’s uterine
manipulation straining and peritoneal closure during cesarean
section in each group or to anesthesia-induced maternal
hypotension (24). Nausea and vomiting can increase the potential
risk of aspiration and reduce patient satisfaction.

Interestingly, some studies suggest that dexmedetomidine
may reduce the incidence of nausea and vomiting (25, 26). The
mechanism might be through a reduction in sympathetic tone
and catecholamine release, accelerated gastrointestinal emptying
and peristalsis, and a reduction in the stimulatory effect of
gastrointestinal distension on the vomiting center.

The present findings showed no statistical difference in the
characteristics of spinal blocks, including the onset of sensory
and motor blocks, between the four groups. These findings
are contrary to those of Farokhmehr et al. (27) and similar to
those of Tang et al. (11). Farokhmehr et al. (27) found that
intrathecal dexmedetomidine accelerated the onset of sensory
and motor block without causing side effects. All three groups
with different doses of dexmedetomidine had a significant
effect in prolonging the duration of the block compared
to the control group. This is similar to previous findings
(1, 28). The mechanism of action behind these observations
has not been determined. Salgado et al. (29) suggested
that the mechanism may be due to a significant synergistic
effect between intrathecal dexmedetomidine and ropivacaine.
Intrathecal dexmedetomidine inhibits spinal ERK1/2 signaling
exhibiting potent analgesic effects in a manner dependent
on α2 receptors (30). Local anesthetics work by blocking
sodium channels, while dexmedetomidine works directly by
acting on motor neurons or postsynaptic horn neurons in the
spinothalamic pathway, thereby prolonging spinal block (31).
In addition, the effects of dexmedetomidine are not limited to
its interaction with a2-adrenergic receptors; its inhibitory effects
on IK(DR) and INa may also affect neuronal activity in vivo
(32). Another suggested mechanism is that dexmedetomidine
acts via α2-adrenergic receptors, which subsequently induce
vasoconstriction and act in this condition (33, 34).

Dexmedetomidine has been reported to have significant
hemodynamic effects, causing hypotension and bradycardia as
the most notable side effects (35). However, in the current study,
there was no significant difference in the incidence of MAP and
HR between the four groups. Dexmedetomidine did not increase
the risk of bradycardia and hypotension. Yet the total amount
of phenylephrine, an antihypertensive agent, was significantly
higher in Group RD2 and RD3 than in Group R and RD1. It
is possible that higher doses of dexmedetomidine may cause an
increase in the degree of blood pressure or a prolongation of
the duration of hypotension, but this is not sufficient to cause
substantial adverse effects.

Hypoxemia and respiratory depression are potential side
effects of dexmedetomidine. Nonetheless, no respiratory
depression or hypoxemia was found in the present study, which
is consistent with previous studies that intrathecal addition of
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dexmedetomidine 2.5µg, 5µg, and 10µg is safe and does not
increase the incidence of hypoxemia and respiratory depression
(18). Notably, intrathecal dexmedetomidine 15ug has been
reported to possibly increase the risk associated with excessive
sedation and respiratory depression (35). However, we cannot
conclude that intrathecal dexmedetomidine increases the risk
of hypotension, bradycardia, dyspnea, or hypoxemia. Still,
adding dexmedetomidine to the maternal spinal anesthesia local
anesthetics requires caution.

The present study showed that none of the neonatal
Apgar scores were significantly affected by intrathecal addition
of dexmedetomidine, which did not result in respiratory
depression as well as heart rate slowing in neonates. This is
comparable to previous studies in which intrathecal addition
of dexmedetomidine at 3µg, 5µg, 7.5µg, and 10µg did not
have an effect on postnatal Apgar scores (1 min, 5 min) in
newborns (1, 11). The possible reason for this is that intrathecal
dexmedetomidine is used in the subarachnoid space and the dose
absorbed into the blood into the circulation is negligible.

Bi et al. (1) studied the effect of different doses of
dexmedetomidine combined with hyperbaric ropivacaine
for spinal anesthesia for cesarean delivery and found that
dexmedetomidine reduced maternal postoperative c-reactive
protein (CRP), interleukin-6 (IL-6) and cortisol levels, which
implied a reduced maternal stress response and improved
analgesia. Kang et al. (34) found that administration of
dexmedetomidine during surgery reduced intraoperative
and postoperative cytokine secretion as well as postoperative
c-reactive protein (CRP) level and leukocyte count. Jin et al. (36)
found that dexmedetomidine adjuvant to sufentanil analgesia
reduced postoperative β-endorphin and cortisol levels and
attenuated the postoperative stress response. Similarly, in the
present study, cortisol (Cor), tumor necrosis factor (TNF)-α, and
β-endorphin levels were lower in the postoperative Group RD1,
RD2, and RD3 than in the postoperative Group R.

Considering the safety of dexmedetomidine for spinal
anesthesia, we observed the neurological deficit one month
after surgery and found no signs or symptoms of neurological
deficit. The ideal adjuvant for local anesthetics would have the
effect of extending the time to the endpoint without substantial
risk of neurotoxicity (35). A study on the establishment of
a mouse model of acute inflammation in vivo and in vitro
experiments was conducted to study the neurotoxicity of
dexmedetomidine on the spinal cord and cortical neurons. The
results demonstrated that in vivo studies showed no significant
pathological effects of intrathecal dexmedetomidine on the spinal
cord, and in vitro experiments indicated a potential protective
effect of dexmedetomidine against lidocaine-induced neuronal
cell death (30). Human clinical studies found that intrathecal
2.5µg-10µg dexmedetomidine as an adjuvant to local anesthetics
relieved patient chills and improved nerve block characteristics
and did not increase the risk of adverse events in patients (1, 18).

There are some limitations of this study. First of all, it was
difficult for us to really succeed in determining precisely the dose
of dexmedetomidine at 5 µg (0.05 ml), 7.5 µg (0.075 ml). This
should be very difficult even with 1 ml insulin syringes. This may
ultimately lead to bias in the observed data for Group RD1 and

RD2. Second, we did not study the effect of intrathecal adjuvant
dexmedetomidine at a dose greater than 10µg on cesarean
section. Third, we did not observe and record the postoperative
maternal pain. Fourth, we did not record the plane at which the
highest block was reached and the onset time.

CONCLUSION

Under the conditions of this study, 5µg intrathecal
dexmedetomidine as an adjuvant to ropivacaine to alleviate
intraoperative chill response does not increase intraoperative
and postoperative side effects, does not increase the dosage of
vasoactive drugs, and reduced intraoperative stress reactions
as well as prolongs maternal sensory and motor block, so this
dosage is suitable for cesarean delivery in healthy women under
spinal anesthesia.
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