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Addition of dexmedetomidine to epidural morphine
to improve anesthesia and analgesia for cesarean section
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Abstract. The aim of the present study was to evaluate the
effectiveness and safety of the combination of epidural dexme-
detomidine and morphine in providing anesthesia during
cesarean surgery and analgesia for post-cesarean pain relief
when added to epidural ropivacaine. A total of 80 females at
term scheduled for elective cesarean delivery were randomly
assigned to two groups (n=40/group): In the morphine group
(group M), patients received an epidural injection of 0.75%
ropivacaine (12 ml) and morphine (2 mg) for surgical anes-
thesia, and epidural infusion of morphine (2 mg) in 100 ml
0.2% ropivacaine at 2 ml/h for 48-h post-operative analgesia;
and in the morphine combined with dexmedetomidine group
(group DM), patients received an epidural injection of 0.75%
ropivacaine (12 ml) and morphine (2 mg) combined with
dexmedetomidine (0.5 pg/kg) for surgical anesthesia, and
epidural infusion of morphine (2 mg) and dexmedetomidine
(200 pg) in 100 ml 0.2% ropivacaine at 2 ml/h for 48-h
post-operative analgesia. The primary outcomes included
blockade and analgesic effects, sedation and adverse reac-
tions associated with the drugs. Neonatal outcome was also
assessed by determining the Apgar score and umbilical cord
blood analysis. There was no significant difference between
the groups in the cephalad levels of sensory blockade at
20 min post-injection, or in muscle relaxation scores or pain
intensity scores at rest or upon movement at 4, 12,24 or 48 h
post-injection (P>0.05). The maternal patients in the DM
group experienced more complete motor blockade at 20 min
post-injection, better sedation during surgery and following
delivery, and less visceral pain caused by peritoneal traction
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during surgery and by uterine contraction after delivery,
compared with those in group M (P<0.05). The patients in
group M had a lower incidence and severity score of post-oper-
ative nausea than those in the DM group (P<0.05). There
was no significant difference between the groups in terms of
Apgar score or umbilical cord blood gas values (P>0.05). In
conclusion, epidural dexmedetomidine reduces intra-oper-
ative and post-operative visceral pain and produces better
sedation during surgery and following delivery, without any
significant influence on morphine-associated side effects
and post-operative analgesia, in females undergoing elective
cesarean section under epidural anesthesia with morphine
and ropivacaine (registration number ChiCTR1900027942;
retrospectively registered with the Chinese Clinical Registry
Center on December 6, 2019).

Introduction

Cesarean section is commonly performed under neuraxial
anesthesia in the absence of contraindications and medical
emergency. The major disadvantages of routine epidural anes-
thesia for cesarean section include the delayed onset of surgical
anesthesia, inadequate blockade for preventing visceral pain
and insufficient muscle relaxation (1). To overcome these
defects, co-administration of local anesthetics with adjuvant
drugs has become a widely accepted practice in the clinic (2).
The combination of epidural opioids with local anesthetics is a
well-known drug formula for cesarean section and subsequent
post-cesarean analgesia (3). Epidural opioids may enhance the
sensory and motor blockade of epidural local anesthetics and
decrease the requirement for local anesthetics for post-cesarean
analgesia. Even a single dose of epidural morphine provides
excellent prolonged pain relief (4). Epidural morphine (4 mg)
is recommended for analgesia following cesarean delivery
with an acceptable side effect profile (5). However, adverse
events associated with epidural morphine, including nausea,
vomiting and pruritus, still frequently occur (5).
Dexmedetomidine is a more selective a2 adrenergic
agonist when compared with clonidine (6). The two
agents mediate their analgesic effect by stimulating the a2
receptor located post-synaptically on the dorsal horn of the
spinal cord (6). A recent systematic meta-analysis demon-
strated that dexmedetomidine as an adjuvant in epidural
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anesthesia provided improved sedation and analgesia with a
well-documented safety profile (7). Several studies involving
epidural dexmedetomidine in obstetric populations have
been published: Dexmedetomidine added to combined spinal
(bupivacaine)-epidural (fentanyl) anesthesia for cesarean
section (1,2); combined epidural dexmedetomidine and
ropivacaine for post-cesarean analgesia (8); and epidural
dexmedetomidine combined with ropivacaine or bupivacaine
for labor analgesia (9-12). All these previous studies demon-
strated the potentiating effect of epidural dexmedetomidine on
neuraxial analgesia, with minimal side effects (1,2,8-12).

Clonidine has been used as an adjuvant to epidural morphine
and bupivacaine, and this supplement enhances post-operative
analgesia after cesarean delivery (13). It was hypothesized
that, when used in combination with a relatively low dose
of epidural morphine for cesarean section, dexmedetomi-
dine may potentiate the anti-nociceptive effect of morphine
without any additional adverse reactions. The present study
investigated the effectiveness and safety of the combination
of epidural dexmedetomidine and morphine in anesthesia for
cesarean surgery and in analgesia for post-cesarean pain relief,
when added to epidural ropivacaine.

Materials and methods

Subjects and group allocation. The present study was approved
by the Jining No. 1 People's Hospital Ethics Committee for
Human Studies (Jining, China) and written informed consent
was obtained from all patients. A total of 90 females with
an American Society of Anesthesiologists physical status of
I or IT and with full-term gestational singleton pregnancies,
scheduled to undergo elective cesarean delivery, were enrolled
in the present study. The patients were recruited between July
2018 and December 2018. Exclusion criteria included absolute
or relative contraindications to neuraxial anesthesia, a history
of substance abuse, allergy to the drugs involved in the study
and known fetal abnormalities.

Prior to the start of the study, patients were randomly
assigned, through a computer-generated random number list
with assigned numbers sealed in envelopes, to the morphine
group (group M) or to the morphine combined with dexme-
detomidine group (group DM). Study drugs were prepared by
a nurse anesthetist who was not involved in the care or assess-
ment of the patients. The patients and the other members of the
research team were unaware of the group allocations.

Anesthetic and analgesic procedure. At one day prior to the
surgery, during interview, the patients were instructed on the
use of a 0-10 numeric rating scale (NRS) for pain intensity
and a 4-point ordinal verbal rating scale for pruritus, nausea,
vomiting and dizziness.

After the establishment of intravenous access and standard
monitors in the operating theatre, the patients were placed in
the left lateral position and lumbar spine vertebral spaces 1-3
were identified. The preferred insertion site was the L2-3 inter-
space. However, if it was impossible to introduce the needle at
the selected site, the L1-2 interspace was used instead. Under
strict aseptic conditions, the skin at the insertion site was
infiltrated with 1% lidocaine (2 ml). A Tuohy 18 G epidural
needle was introduced using the midline approach and the loss
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of resistance technique, and the epidural catheter was threaded
3-4 cm cephalad into the epidural space through the needle. A
test dose of 2% lidocaine (3 ml) with adrenaline (1:200,000)
was injected via the catheter to detect intrathecal or intravas-
cular misplacement. A period of 3 min later, 12 ml of a 0.75%
ropivacaine solution with morphine (2 mg), combined with
dexmedetomidine (0.5 ug/kg; group DM) or without dexme-
detomidine (group M), was intermittently injected via the
catheter. At 20 min after the injection, the maximum cephalad
level of sensory block was identified through a pinprick and
the surgery was started. If general anesthesia was given due
to failed epidural anesthesia, the patient was excluded from
the present study. After fetal delivery, if the NRS score was
>3, sufentanil (10 pg) was intravenously administered. At
the end of surgery, a patient-controlled epidural analgesia
(PCEA) device was attached to the epidural catheter for 48-h
post-operative analgesia, with morphine (2 mg) combined with
dexmedetomidine (200 pg; group DM) or without dexme-
detomidine (group M) in 100 ml of 0.2% ropivacaine at a
background infusion of 2 ml/h, with a 0.5-ml bolus dose and a
15-min lockout interval. Tramadol (50 mg) as rescue analgesia
for PCEA was given intramuscularly if the NRS score was >3
at rest and repeated every 6 h if necessary. If the PCEA was
halted due to unexpected removal of the epidural catheter or
other causes, the patient was also excluded from the present
study.

Assessments. The primary endpoints were the characteristics
of the blockade and analgesic effects, sedation and adverse
reactions associated with the study drugs. The maximum
cephalad level of the sensory block at 20 min after epidural
injection was recorded. The NRS (0, no pain; 10, worst
possible pain) was used to assess the pain intensity at the point
of skin incision, and at 4, 12, 24 and 48 h after injection at rest
and upon movement (from lying in bed to sitting on the edge
of the bed). Motor blockade and sedation level were assessed
at the point of skin incision, the end of surgery, and 4, 12, 24
and 48 h after injection, using the modified Bromage scale (0,
able to move the hip, knee and ankle; 1, unable to move the
hip, but able to move the knee and ankle; 2, unable to move the
hip or knee, but able to move the ankle; and 3, unable to move
the hip, knee or ankle) (14) and the Ramsey sedation scale
(1, anxious, agitated and restless; 2, cooperative, oriented and
tranquil; 3, responsive to commands only; 4, brisk response
to light glabellar tap or loud auditory stimulus; 5, sluggish
response to light glabellar tap or loud auditory stimulus;
and 6, no response to light glabellar tap or loud auditory
stimulus) (15). The time-point of first out-of-bed activity
was also recorded. Visceral pain caused by lifting the uterus
and/or the peritoneum during surgery, or by uterine contraction
within 48 h after delivery, was also measured using the NRS.
Muscle relaxation was assessed using a 4-point verbal rating
system (1, poor; 2, fair; 3, good; 4, excellent). The incidence
and severity of adverse reactions, including pruritus, nausea,
vomiting and dizziness, were evaluated using a 4-point ordinal
verbal rating scale (0, none; 1, mild; 2, moderate; 3, severe).
For moderate to severe nausea or vomiting, ondansetron
(4 mg) was intravenously administered every 6 h as required.
For moderate to severe pruritus, diphenhydramine (25-50 mg)
was given intravenously every 4 h as required.
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Secondary endpoints included adverse cardiovascular
events, shivering, adverse neonatal condition and maternal
neurological complications. Hypotension was defined as a
systolic blood pressure <80 mmHg or decreasing to =30%
below baseline, and was managed with intravenous fluids and
phenylephrine (0.2 mg). Bradycardia was determined as a heart
rate <50 beats/min and was managed with atropine (0.5 mg).
Shivering was measured after clamping of the umbilical cord
via a 5-point scoring system (0, no visible shivering; 1,no visible
shivering, but peripheral vasoconstriction or piloerection was
observed; 2, activity in one muscle group only; 3, activity in
more than one muscle group, but shivering was not generalized,;
4, shivering involving the whole body) (16). Umbilical venous
and arterial blood samples were drawn from a double-clamped
segment of the umbilical cord for analysis of blood gas at
delivery. Apgar scores at 1 and 5 min after delivery and Neonatal
Adaptive and Capacity Score (NACS) (17) at 24 h after delivery
were also recorded. An Apgar score of<7 was considered
abnormal. A NACS <35 was also considered abnormal. All
patients were followed up for 2 weeks post-operatively for the
detection of any sensory or motor effect.

Statistical analysis. Statistical analysis of the data was
performed with SPSS (version 13.0; SPSS Inc.). The
normality of the distribution was determined using the
Kolmogorov-Smirnov test. The values are expressed as
the mean + standard deviation for quantitative variables
(age, weight, height, gestational age, surgical time, skin
incision-to-delivery interval, infusion volume, the values
of umbilical blood gas analysis and NACS score), as n (%)
for categorical variables (comorbidity, insertion site, and
remedial sufentanil during surgery, remedial tramadol after
surgery, and the number of patients with each adverse reac-
tion or cardiovascular event) and as the median (interquartile
range) for ordinal variables (maximum cephalad level of the
sensory block at 20 min after injection, the scores of pain
severity, motor block, sedation and muscle relaxation, and
Apgar scores). Quantitative variables were compared using
unpaired Student's t-tests. Ordinal variables were compared
using a Mann-Whitney U-test and categorical variables were
compared using a x* test or Fisher's exact test. P<0.05 was
considered to indicate a statistically significant difference.

Sample size analysis. According to a pilot study performed
prior to initiating the formal study, sufentanil was required for
alleviating the visceral pain caused by peritoneal traction in
6/10 patients who received a combination of epidural morphine
and ropivacaine. It was assumed that the addition of epidural
dexmedetomidine would lead to a 50% decrease in the number
of cases requiring remedial sufentanil for visceral pain relief;
at least 34 patients were required in each group for a power of
0.8 and a type one error of 0.05. Therefore, 45 patients were
selected per group to account for unexpected bias.

Results

Patient demographics and surgical characteristics. A total of
10 patients did not complete the study due to patient refusal
(4 per group), failed epidural anesthesia (1 in group DM) or
unexpected removal of the epidural catheter (1 in group M).
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The demographic and surgical data (Table I) were comparable
in terms of age, height, weight, gestational age, surgical time
and the time interval from skin incision to fetal delivery
between the groups (P>0.05); the volume of liquid infusion
was higher in group DM than that in group M (P<0.05; Table I).

Epidural blockade characteristics. There was no difference
between the groups regarding the levels of the insert site, the
cephalad levels of sensory block, NRS scores at the point of skin
incision and muscle relaxation scores (P>0.05; Table II). The
Bromage motor blockade score was higher in group DM than
that in group M at the point of skin incision (20 min after the
injection; P<0.05), but the scores for motor blockade in the two
groups were similar at the end of surgery, and at 4, 12, 24 and
48 h after injection (P>0.05; Table II). The incidence of visceral
pain caused by peritoneal traction was 70% in group M, which
was higher than the 47.5% in group DM (P<0.05). The number
of patients who administered remedial sufentanil during surgery
was higher in group M than that in group DM (P<0.05; Table II).

Sedation levels. On the Ramsey sedation scale, the score of the
sedation level was comparable at skin incision, and at 24 and
48 h after injection between the groups (P>0.05), but the score
was lower at the end of surgery, and at 4 and 12 h after injec-
tion, in group DM compared with that in group M (P<0.05;
Table III).

Adverse effects. There was no difference between the groups
regarding any adverse event occurring during or after surgery
(P>0.05), except post-operative nausea, which occurred more
frequently in group DM (P<0.05). Patients in group DM had
a higher post-operative nausea score than those in group M
(P<0.05; Table IV).

Post-operative NRS pain scores and analgesia management.
At 4, 12,24 and 48 h after injection, no significant differences
in NRS scores of pain intensity at rest or upon movement
between the groups were detected (P>0.05). The number of
patients who used tramadol as rescue analgesia was similar in
the two groups (P>0.05). The number of patients experiencing
visceral pain caused by uterine contraction during the 48-h
study period was lower in group DM than that in group M
(P<0.05). Furthermore, patients in group DM had a lower
NRS score for visceral pain caused by uterine contraction than
those in group M (P<0.05; Table V).

Neonatal outcomes and maternal follow-up. In group DM, no
umbilical blood sample was obtained from one of the patients.
There was no significant difference between groups regarding
the Apgar score at 1 or 5 min, the pH, pCO,, pO, or base excess
of umbilical venous or arterial blood, or the NACS score at
24 h after delivery (P>0.05; Table VI). None of the newborns
had an Apgar score <7 or a NACS score <35. No sensory or
motor defects were detected in the mothers during the 2-week
follow-up.

Discussion

The present study indicated that dexmedetomidine added
to epidural morphine alleviated the visceral pain caused by
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Table I. Patients' characteristics and surgical data.
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Item Group M (n=40) Group DM (n=40) P-value
Age (years) 31.7+4.0 30.6+4.3 0.238
Body weight before birth(kg) 76.0+9.7 74.5+10.1 0.499
Body height (cm) 161.9+4.5 163.6+4.8 0.106
Gestational age (weeks) 39.3+1.1 39.5+1.2 0.439
Secondarycesarean delivery 16 (40.0) 15 (37.5) 0.818
Comorbidities
Primary hypertension or PIHS 2(5.0) 3(75) 1.000
Diabetes mellitus or GDM 5(12.5) 4 (10.0) 1.000
Surgery time (min) 492+5.2 51.3+£5.8 0.092
Skin incision-to-delivery interval (min) 10.2+4 .2 10724 4 0.605
Infusion volume (ml) 1253212 1582+233 <0.001

Values are expressed as the mean =+ standard deviation or n (%). Groups: M, patients received an epidural injection of 0.75% ropivacaine
(12 ml) and morphine (2 mg) for surgical anesthesia, and epidural infusion of morphine (2 mg) in 100 ml 0.2% ropivacaine at 2 ml/h for
48-h post-operative analgesia; DM, patients received an epidural injection of 0.75% ropivacaine (12 ml) and morphine (2 mg) combined with
dexmedetomidine (0.5 pg/kg) for surgical anesthesia, and epidural infusion of morphine (2 mg) and dexmedetomidine (200 pg) in 100 m1 0.2%
ropivacaine at 2 ml/h for 48-h post-operative analgesia. PIHS, pregnancy-induced hypertension syndrome; GDM, gestational diabetes mellitus.

Table II. Characteristics of epidural blockade.

Item Group M (n=40) Group DM (n=40) P-value
Insertion site: 1.2-3/L.1-2 39 (97.5)/1(2.5) 40 (100)/0(0) 1.000
Maximum thoracic level of sensory block at skin incision 6 (5-8) 6 (4-8) 0.567
NRS score at skin incision 0 (0-0) 0 (0-0) 0.766
Motor block
At skin incision 3(2-3) 3(3-3) 0.035
At the end of surgery 3(3-3) 3(3-3) 0.399
4 h after blockade 0 (0-0) 0 (0-1) 0.192
12 h after blockade 0 (0-0) 0 (0-0) 0317
24 h after blockade 0 (0-0) 0 (0-0) 1.000
48 h after blockade 0 (0-0) 0 (0-0) 1.000
Visceral pain caused by peritoneal traction
Cases 28 (70.0) 19 (47.5) 0.041
NRS scores 5(0-7) 0 (0-7) 0.070
Remedial sufentanil 26 (65) 15 (37.5) 0014
Muscle relaxation 3(2-4) 4 (3-4) 0.153

Values are expressed as the median (interquartile range) or n (%). Groups: M, patients received an epidural injection of 0.75% ropivacaine
(12 ml) and morphine (2 mg) for surgical anesthesia, and epidural infusion of morphine (2 mg) in 100 ml 0.2% ropivacaine at 2 ml/h for 48-h
post-operative analgesia; DM, patients received an epidural injection of 0.75% ropivacaine (12 ml) and morphine (2 mg) combined with
dexmedetomidine (0.5 pg/kg) for surgical anesthesia, and epidural infusion of morphine (2 mg) and dexmedetomidine (200 p#g) in 100 m1 0.2%
ropivacaine at 2 ml/h for 48-h post-operative analgesia. NRS, numeric rating scale.

peritoneal traction during surgery, or by uterine contraction
after surgery, and achieved better sedation. However, compared
with combined epidural morphine with ropivacaine, the addi-
tion of epidural dexmedetomidine may be associated with an
increasing risk of hypotension and postoperative nausea.
Epidural morphine is the gold standard for post-cesarean
analgesia (18). However, it is not only associated with side

effects, including nausea, vomiting, pruritus and respiratory
depression, but also with an analgesic ceiling effect (19).
Singh et al (20) reported that compared with two 3-mg
doses of epidural morphine, two 1.5-mg doses of epidural
morphine produced equivalent effects on post-cesarean pain
with fewer side effects, when used as part of a multimodal
analgesia regimen. Epidural morphine alone is not sufficient



Table III. Sedation level as evaluated using the Ramsey sedation
scale.
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Table IV. Adverse events during and after surgery (incidence;
score).

GroupM  Group DM Group M Group DM
Time-point (n=40) (n=40) P-value Item (n=40) (n=40) P-value
At skin incision 1(1-2) 2 (1-2) 0.074 Hypotension
At the end of surgery 2 (1-2) 3(2-3) 0.010 Intra 5(12.5) 12 (30.0) 0.056
4 h after blockade 2 (2-3) 3(2-3) 0.031 Post 0(0) 2(50) 0474
12 h after blockade 2 (2-2) 2 (2-3) 0.017 Bradycardia
24 h after blockade 2 (2-2) 2 (2-2) 0.545 Intra 0 (0) 0 (0) 1.000
48 h after blockade 2(2-2) 2(2-2) 0.724 Post 0 (0) 0 (0) 1.000
Values are expressed as the median (interquartile range). Groups: M, Nausea
patients received an epidural injection of 0.75% ropivacaine (12 ml) Intra 0(0):0(0-0) 1(2.5);0(0-0) 1.000;0.317
and morphine (2 mg) for surgical anesthesia, and epidural infusion Post 5(12.5); 0 (0-0) 13 (32.5); 0 (0-2) 0.032;0.042
of morphine (2 mg) in 100 ml 0.2% ropivacaine at 2 ml/h for 48-h Vomiting
post-operative analgesia; DM, patients received an epidural injection . . .
of 0.75% ropivacaine (12 ml) and morphine (2 mg) combined with Intra 0 (0); 0 (0-0) 0(0);0(0-0) ~ 1.000; 1.000
dexmedetomidine (0.5 pg/kg) for surgical anesthesia, and epidural Post 10 (25); 0 (0-0) 15(37.5); 0 (0-1) 0.228; 0.267
infusion of morphine (2 mg) and dexmedetomidine (200 ug) in PONV 12 (30) 18 (45) 0.165
100 ml 0.2% ropivacaine at 2 ml/h for 48-h post-operative analgesia.  pryritus
Intra 0(0);0(0-0) 1(2.5);0(0-0) 1.000;0.317
Post 18 (45); 0 (0-2) 17 (42.5); 0 (0-2) 0.822;0.781
for pain relief following cesarean section. These side effects, ~Dizziness
particularly respiratory depression, are dose-dependent (21). Intra 2(5.0);0(0-0) 2(5.0);0(0-0) 1.000;0.980
To reduce these side effects and improve analgesic quality, the Post 0; 0 (0-0) 2(5.0);0(0-0) 0.474;0.155
analgesic technique commonly applied at Jining No. 1 People's Shivering
Hospital (Jining, China) is the administration of epidural Intra 1(25):0(0-0)  0(0):0(0-0) 1.000:0.317
morphine (2 mg) at the end of surgery, followed by PCEA ' 0 (6)'b ©00) 0 (O)j 0(0-0) 1'0()0? 1'000

with ropivacaine (200 mg) and morphine (2 mg) in 100 ml
saline at a rate of 2 ml/h for 48 h. In the present study, epidural
morphine was administered at 3 min after injection of the test
dose, not at the end of surgery.

Dexmedetomidine has previously been administered as
an adjuvant in epidural anesthesia in various populations,
including pregnant females (1,22-26). These studies demon-
strated that epidural dexmedetomidine may shorten
the onset time of sensory and motor blockade, prolong the
blockade durations and decrease the requirement for rescue
analgesia (1,22-26). The epidural dose of dexmedetomi-
dine ranged between 0.5 and 1.5 pg/kg in these previous
studies (1,22-26). Hypotension is the most common compli-
cation occurring with neuroaxial blockade. It is known that
dexmedetomidine may cause dose-dependent hypotension
and bradycardia (27). Dexmedetomidine may exacerbate the
risk of maternal hypotension when epidurally administered.
Dexmedetomidine (0.5 ug/kg) added to neuraxial anesthesia
has been demonstrated to not be associated with hypotension
and bradycardia (1,22-24). Therefore, a relatively low dose
of dexmedetomidine (0.5 yg/kg) was used as an adjuvant to
epidural anesthesia in the present study. Patients receiving
epidural dexmedetomidine (0.1 yg/kg) as a loading dose and a
continuous infusion of 0.15% ropivacaine at 2 ml/h combined
with dexmedetomidine (1 p#g/kg in 100 ml of 0.15% ropiva-
caine) following cesarean section under epidural anesthesia
reported insufficient analgesia, with a VAS score >3, whether
at rest or while coughing, at 12 and 24 h after surgery (8).
Sufficient pain relief was attained in patients undergoing
abdominal cancer surgery who received a bolus dose of

Incidence is expressed as n (%) and the score as the median (inter-
quartile range). Groups: M, patients received an epidural injection
of 0.75% ropivacaine (12 ml) and morphine (2 mg) for surgical
anesthesia, and epidural infusion of morphine (2 mg) in 100 ml 0.2%
ropivacaine at 2 ml/h for 48-h post-operative analgesia; DM, patients
received an epidural injection of 0.75% ropivacaine (12 ml) and
morphine (2 mg) combined with dexmedetomidine (0.5 pg/kg) for
surgical anesthesia, and epidural infusion of morphine (2 mg) and
dexmedetomidine (200 pg) in 100 ml 0.2% ropivacaine at 2 ml/h
for 48-h post-operative analgesia. PONV, post-operative nausea and
vomiting; intra, intra-operative; post, post-operative.

6 ml of 0.1% bupivacaine plus 0.5 yg/ml dexmedetomidine,
followed by a continuous epidural infusion of 6 ml/h of 0.1%
bupivacaine plus 0.5 pg/ml dexmedetomidine throughout the
surgical period, continued for 48 h post-operatively (28). Zhang
and Li (9) reported that the optimal dose of dexmedetomidine
is 4 ug in 0.1% ropivacaine (8 ml) as a loading dose, and an
hourly infusion dose for epidural labor analgesia. Therefore,
2 ug/ml dexmedetomidine was added to the epidural analgesia
formulation in the present study.

Epidural morphine results in potent and prolonged
analgesic effects via binding with the opioid receptor at
the spinal cord dorsal horn (29). The analgesic mecha-
nism of dexmedetomidine differs from that of morphine.
Dexmedetomidine directly acts on a2 adrenergic receptors
on the pre- and post-synaptic membranes of spinal cord
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Table V. Data on post-operative analgesia.

Group M  Group DM

Item (n=40) (n=40)  P-value
NRS score at rest
4 h after blockade 0 (0-0) 0 (0-0) 0.569
12 h after blockade 0 (0-0) 0 (0-0) 0.699
24 h after blockade 2 (1-3) 2 (0-3) 0.757
48 h after blockade 0(0-3) 0(0-3) 0.667
NRS score upon movement
4 h after blockade 0 (0-0) 0 (0-0) 0.747
12 h after blockade 2 (2-3) 2 (0-3) 0.892
24 h after blockade 3 (3-5) 3 (3-5) 0.758
48 h after blockade 3(2-4) 3(2-3) 0.827
Remedial tramadol 8(20.0) 10(25.0) 0.592
Visceral pain caused by
uterine contraction
Cases 27 (67.5) 15(@37.5)  0.007
NRS scores 4.5 (0-7) 0 (0-6) 0.023

Values are expressed as the median (interquartile range) or n (%).
Groups: M, patients received an epidural injection of 0.75% ropi-
vacaine (12 ml) and morphine (2 mg) for surgical anesthesia, and
epidural infusion of morphine (2 mg) in 100 ml 0.2% ropivacaine at
2 ml/h for 48-h post-operative analgesia; DM, patients received an
epidural injection of 0.75% ropivacaine (12 ml) and morphine (2 mg)
combined with dexmedetomidine (0.5 pg/kg) for surgical anesthesia,
and epidural infusion of morphine (2 mg) and dexmedetomidine
(200 pg) in 100 ml 0.2% ropivacaine at 2 ml/h for 48-h post-operative
analgesia. NRS, numeric rating scale.

neurons, hyperpolarizing the neuron membrane potentials
via G-protein-mediated activation of K*, decreasing sympa-
thetic outflow and norepinephrine release, thus inhibiting the
transmission of nociceptive information (7,30). Therefore, the
combination of these drugs theoretically produces a synergistic
analgesic effect. The present results indicated that supplemen-
tation of dexmedetomidine in addition to epidural morphine
and ropivacaine enhanced the anesthetic effect, as indicated
by more complete motor blockade at 20 min post-injection and
fewer cases of visceral pain caused by peritoneal traction or
uterine contraction. The mechanism of how epidural dexme-
detomidine improves motor blockade and alleviates visceral
pain remains elusive. It may also exert its effects through
hyperpolarizing the spinal cord neuron membrane potentials
via G-protein-mediated activation of K*. Drugs including
oxytocin and misoprostol for uterine contraction are routinely
used for two consecutive post-delivery days to promote rapid
uterine involution at Jining No. 1 People's Hospital (Jining,
China). The effect of dexmedetomidine on visceral pain has
also been demonstrated with epidural administration for labor
analgesia (12) and with intrathecal administration for cesarean
section (31). The similar sensory level at 20 min post-injection
indicated that the addition of epidural dexmedetomidine may
not affect the cephalad spread of ropivacaine, which was
partly supported by Yousef ez al (1) and Hanoura et al (2), who
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Table VI. Neonatal Apgar scores, umbilical blood gas analysis
and NACS sore.

Group M Group DM

Item (n=40) (n=39) P-value
Apgar scores
At 1 min 10 (9-10) 10 (9-10) 0.461
At 5 min 10 (10-10) 10 (10-10) 0.559
Umbilical vein
pH 7.31£0.06 7.30+0.04 0.383
pCO, (mmHg) 435+4.8 443+4.6 0449
pO, (mmHg) 27.8+64 29.7£7.8 0237
Base excess (mmol/l) -24+1.8 -2.6£2.1 0.649
Umbilical artery
pH 7.28+0.04 7.28+0.05 0.844
pCO, (mmHg) 49157 483+6.0 0.543
pO, (mmHg) 179+52 18.6£53 0.553
Base excess (mmol/l) 22423 -23+19 0.832
NACS at 24 h after delivery 38.1+1.3 38.1x1.3  0.945

Values are expressed as the median (interquartile range) or the
mean + SD. Groups: M, patients received an epidural injection of
0.75% ropivacaine (12 ml) and morphine (2 mg) for surgical anesthesia,
and epidural infusion of morphine (2 mg) in 100 ml 0.2% ropivacaine
at 2 ml/h for 48-h post-operative analgesia; DM, patients received an
epidural injection of 0.75% ropivacaine (12 ml) and morphine (2 mg)
combined with dexmedetomidine (0.5 pg/kg) for surgical anesthesia,
and epidural infusion of morphine (2 mg) and dexmedetomidine
(200 ptg) in 100 ml 0.2% ropivacaine at 2 ml/h for 48-h post-operative
analgesia. NACS, neonatal adaptive and capacity score; pCO,, partial
pressure of carbon dioxide; pO,, partial pressure of oxygen.

reported that epidural dexmedetomidine did not significantly
reduce the time to onset of sensory and motor blockade, the
time to reach the highest level of sensory block or the time
to readiness for surgery, when combined with intrathecal
bupivacaine, epidural bupivacaine and fentanyl.

In the present study, no association was indicated
between the incidence and severity of various adverse
events and the administration of epidural dexmedetomidine,
except post-operative nausea. PONV in patients receiving
epidural morphine is naturally considered to be a side effect
of morphine. However, the administered dose of epidural
morphine was the same in the two groups. A possible expla-
nation may be the potential risk of hypotension associated
with epidural dexmedetomidine. Hypotension is another
known contributor to PONV. The potential risk of hypo-
tension was indicated by the greater infusion volume and
higher incidence of hypotension during surgery in patients
receiving dexmedetomidine as an adjuvant to epidural
morphine and ropivacaine. In these patients, the occur-
rence of hypotension is possible during the post-operative
analgesia period, but was not noted as an endpoint, which
is a limitation of the present study. Dexmedetomidine as
an adjuvant to epidural morphine and ropivacaine achieved
better sedation during surgery and in the following 12 h
after surgery. This differed from the results of the study
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by Yousef et al (1), in which dexmedetomidine (0.5 pg/kg)
was used for cesarean section as an adjuvant to epidural
bupivacaine and fentanyl. Morphine causes sedation due
to directly activating the opioid receptor or via modulating
the binding affinity of gamma-aminobutyric acid for its
receptors in various brain regions (32). An analgesic dose
of epidural morphine (3 mg) may produce latent sedation
for 3 h using regional anesthesia (33). Dexmedetomidine
also results in a dose-dependent sedative and hypnotic effect
via inhibiting noradrenergic neurons and disinhibiting
gamma-aminobutyric acid neurons at the locus coeruleus
in the medulla, thus activating endogenous non-rapid eye
movement sleep-promoting pathways (34). The combined
use of epidural dexmedetomidine and morphine may lead to
a synergistic sedative effect.

Epidural morphine has previously been indicated to not
be associated with neonatal outcome (35). Previous studies have
also suggested that epidural dexmedetomidine has no adverse
effects on neonates (1,2,9-12). Similar results were obtained in
the present study with co-administration of epidural dexme-
detomidine and morphine. The results suggested no difference
in Apgar score, umbilical venous and arterial pH, pCO,, pO,
and base excess values, as well as NACS score, between the M
and DM groups. The lack of any symptoms or signs of neuro-
logical deficit reported by the new mothers suggested that
epidural dexmedetomidine was safe when added to epidural
morphine. The safety of epidural dexmedetomidine has been
demonstrated in several previous studies (36,37).

The present study has various limitations. First, epidural
morphine alone at a relatively low dose is not adequate for
post-cesarean analgesia, as demonstrated in a previous
study (20). However, improved efficacy of post-operative
analgesia is attained by the combination of epidural morphine
and local anesthetic, as demonstrated in several studies (3.4).
The anti-nociceptive effect of epidural dexmedetomidine as
an adjuvant to continuous morphine and local anesthetic for
post-cesarean analgesia remains to be fully uncovered, as
indicated by the results of similar NRS scores at rest and upon
movement in the present study. Capogna et al (13) suggested
that the addition of clonidine to epidural morphine and bupi-
vacaine delayed the time to repeat epidural administration
of morphine and bupivacaine, and reduced the requirement
for repeated administration for post-cesarean analgesia.
Furthermore, remedial sufentanil was intra-operatively
administered to alleviate visceral pain, which may be associ-
ated with post-operative opioid-associated adverse effects. In
addition, the possible adverse effects of each drug must be kept
in mind. Respiratory depression was not assessed in the present
study. In a previous study, ~50% of females who received
epidural morphine (3 mg) experienced respiratory depression,
but the severity was mild and none of the patients required
treatment (38). It is not well known whether a synergistic
effect on respiration exists with the combination of epidural
dexmedetomidine and morphine. Epidural dexmedetomidine
has been demonstrated to have a minimal effect on respiration
in children (39).

In conclusion, the present study demonstrated that epidural
dexmedetomidine reduces intra-operative and post-operative
visceral pain and produces better sedation during surgery
and following delivery, without any marked influence on
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morphine-associated side effects and post-operative anal-
gesia, in females undergoing elective cesarean section under
epidural anesthesia with morphine and ropivacaine. Due to
the potential risk of hypotension, it is necessary to balance the
benefit-risk ratio when dexmedetomidine is added to epidural
morphine and ropivacaine for cesarean section and subsequent
pain relief.
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