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ABSTRACT

Introduction: One of the most common
malignancies in women worldwide is breast
cancer. Erector spinae plane block (ESPB) can
reduce pain after modified radical mastectomy
for breast cancer. The duration of nerve block
analgesia is limited if local anesthetic agents are
used alone. The purpose of this study was to
evaluate the effect of dexmedetomidine on
postoperative analgesia during a single injec-
tion of local anesthetics.

Methods: In this double-blind, randomized
study, 60 female American Society of Anesthe-
siologists (ASA) I-II patients undergoing modi-
fied radical mastectomy were randomized into
two groups: ultrasound (US)-guided ESPB with
30 mL of 0.33% ropivacaine (group R) and US-
guided ESPB with 30 mL of dexmedetomidine
plus 0.33% ropivacaine (group DR). US-guided
ESPB at the T3 vertebral level was performed
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preoperatively in all patients. The indicators
were 1-, 6-, 12-, 24-, and 48-h visual analog scale
(VAS) pain scores after surgery in the resting
state and at 90-degree shoulder abduction.
Other measures were a comparison of intraop-
erative sufentanil and remifentanil, postopera-
tive nausea and vomiting (PONV), flurbiprofen
consumption, the lengths of post-anesthesia
care unit (PACU) stay and hospital stay, post-
operative bradycardia, and hypotension.
Results: The VAS pain score was lower in group
DR than group R at any time in the resting state,
except at 1 h after surgery. The VAS pain score
was lower in group DR than group R at 12 and
24 h in an active state after surgery (P < 0.05 for
each time interval). The intraoperative dosages
of remifentanil and sufentanil in group DR were
lower than that in group R. The postoperative
dosage of flurbiprofen in group DR was lower
than that in group R (P = 0.038). The lengths of
PACU stay were longer in group DR than in
group R. No significant difference was found in
PONV and hospital stay between the two
groups. No sinus bradycardia or hypotension
after surgery occurred in the two groups.
Conclusions: Dexmedetomidine as an adjunc-
tive to ESPB can effectively relieve pain and
significantly reduce the need for opioids during
modified radical mastectomy for breast cancer.
Trial Registration: The study was registered in
the  Chinese  Clinical  Trial = Registry
(ChiCTR2000031134, principal investigator:
Yao Lu, date of registration: 2020-3-22).
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Key Summary Points

Why carry out this study?

Breast surgery is a common surgery, and
more than half who experience breast
cancer surgery develop postoperative
chronic pain.

Ultrasound (US)-guided erector spinae
plane block (ESPB) is a new analgesic
technique proposed by Forero et al.
Dexmedetomidine-assisted local
anesthetic agents accelerated the onset
and extended the duration of block in
brachial plexus block.

We hypothesized that ESPB with
dexmedetomidine (1 pg/kg_l) had better
analgesic effect than ESPB alone in breast
cancer surgery.

What was learned from the study?

This study revealed that
dexmedetomidine (1 pg/kg_l) combined
with 0.33% ropivacaine ESPB can better
provide postoperative analgesia, and
reduce intraoperative opioid
consumption.

Dexmedetomidine (1 ug/kg~') combined
with 0.33% ropivacaine ESPB can better
provide postoperative analgesia than

without dexmedetomidine performance.

Dexmedetomidine combined with ESPB
effectively improves postoperative
analgesia and comfort level in patients
undergoing modified radical mastectomy.

DIGITAL FEATURES

This article is published with digital features,
including a summary slide, to facilitate

understanding of the article. To view digital
features for this article, go to https://doi.org/10.
6084/m9.figshare.13401566.

INTRODUCTION

One of the most common malignancies in
women worldwide is breast cancer. Breast can-
cer in women statistics reveal that one in eight
women in the United States will develop breast
cancer in their lifetime. Therefore, breast sur-
gery is a common surgery [1]. Unfortunately,
more than half who experience breast cancer
surgery develop chronic postoperative pain [2].

There are some regional nerve blocks in
breast cancer for postoperative analgesia [3].
Thoracic epidural [4], interscalene brachial
plexus [5], paravertebral [6], and pectoral nerve
blocks (pecs I and II) [7] have achieved good
results in postoperative analgesia for breast
cancer. Ultrasound (US)-guided erector spinae
plane block (ESPB) is a new analgesic technique
proposed by Forero et al. [8]. Several case studies
[9, 10] and a clinical trial [11] reported that ESPB
can reduce pain after modified radical mastec-
tomy for breast cancer. However, despite the use
of long-acting local anesthetic agents, the
duration of anesthesia is maintained for 8-12 h
[12]. Dexmedetomidine is a highly selective
alpha-2 adrenal receptor agonist [13]. Notably,
three recent meta-analyses reported that
dexmedetomidine-assisted local anesthetic
agents accelerated the onset and extended the
duration of block in brachial plexus block
[14-16]. However, there has been no report on
the efficacy of dexmedetomidine combined
with local anesthetic agents in ESPB. This study
aimed to compare the effect of dexmedeto-
midine as an adjuvant combined with ESPB in
breast cancer surgery.

METHODS

Study Participants

This study was approved by the ethics com-
mittee of The First Affiliated Hospital of Anhui
Medical University, Hefei, Anhui Province,
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China, in May 2020 (PJ2020-06-08), and the
study was registered in the Chinese Clinical
Trial Registry (ChiCTR2000031134). The study
protocol was performed in accordance with the
Declaration of Helsinki. One day before the
surgery, all patients were evaluated, and all
patients signed a written informed consent to
participate in the trial. A total of 60 female
patients aged 28-70years with ASA I-II who
were scheduled for modified radical mastec-
tomy for breast cancer between May and August
2020 were included in this study. The exclusion
criteria included coagulation disorders, nerve
block site infection, history of chronic pain
medication use, sinus bradycardia, and atri-
oventricular block.

Random Selection of Patients

The study participants were randomly grouped
on a scale of 1:1, using a computer-generated
list of random numbers. The distribution results
were sealed in an opaque envelope and kept by
the study administrator. On the day of surgery,
the study manager handed the envelope to the
anesthesiologist (A) who dispensed the anes-
thetic fluid. Dexmedetomidine hydrochloride
(0.2mg/mL) obtained from Yangtze River
Pharmaceutical Group Co., Ltd. was used in this
study without preservatives. The patients were
randomly assigned to two groups: the ropiva-
caine group (group R) and the dexmedeto-
midine plus ropivacaine group (group DR), with
30 patients in each group. On the day of sur-
gery, noninvasive blood pressure, electrocar-
diogram, and oxygen saturation were
monitored, and the patients received an
indwelling intravenous needle after entering
the operating room. Bispectral index monitor-
ing was also monitored in all patients. All the
monitoring data after entering the operating
room were recorded. Before nerve block, all
patients received intravenous sedation with
midazolam at a dose of 0.05 mg/kg and a max-
imum dose of 3 mg. For each patient selected
randomly, an anesthesiologist (A) obtained the
patient data and prepared a total of 30 mL of
0.33% ropivacaine or 30 mL of 0.33% ropiva-
caine with dexmedetomidine (1 pg/kg). In

addition, another 5 mL of 0.9% isotonic saline
was prepared for positioning. The anesthesiol-
ogist at the front handed a syringe full of liquid
medicine to a particular anesthesiologist
(B) who had mastered the block without
knowing the patient group.

Spinal Erector Block Process

The patients were placed in the lateral lying
position on the affected side. For the first group
of patients, a professional anesthesiologist
placed a US (M-Turbo, Bothwell, USA) with a
5-cm, 10-MHz linear probe or a 2-5-MHz curved
array probe longitudinally at the T3 level of the
spine; then, the probe was positioned 2-3 cm
from the midline of the spine [17]. The ESPB
involved injecting the local anesthetic agents in
the fascial plane to the depth of the erector
spinae muscles and between the transverse
processes [18]. A 22-G, 0.7 x 80-mm, insulated
facet-tip needle (Conde Lai Group, Shanghai,
China) was used during all blocks. The correct
apical position was established deep into the
plane of the erector spinae muscle, and the
transverse process was covered by trapezius,
rhomboid, and erector spinae muscles. The
correct position of the needle tip was verified by
injecting approximately 1 mL of 0.9% normal
saline from caudad to cephalad. After deter-
mining the correct tip position, the anesthesi-
ologist (B) slowly pushed in 30 mL of 0.33%
ropivacaine, and longitudinal fluid diffusion
was observed between the erector spinae muscle
and the transverse process (Fig. 1). In the second
group, the same procedure was repeated using
30 mL of 0.33% ropivacaine supplemented with
dexmedetomidine. The patient was placed in
the supine position after the nerve block was
completed.

Standard Procedure for General
Anesthesia

After a 5-min preoxygenation, anesthesia was
induced with 0.1 mg/kg of dezocine, 2-3 mg/kg
of etomidate, and 0.3-0.5 pg/kg of sufentanil
intravenously in the two groups after the nerve
block was completed. Laryngeal mask
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Before the injection

After the injection

Fig. 1 Horizontal ultrasound imaging of the erector spinae plane block. 7M trapezius muscle; RMM rhomboid muscle;

ESM erector spinae muscle; 7P transverse processes of the T3 vertebra

placement was completed after the use of
0.2-0.4 mg/kg of cisatracurium or 0.6-0.9 mg/
kg of rocuronium bromide. To maintain anes-
thesia in the patients, 4-6 mg/kg of propofol
and 0.1-1 ug/kg of remifentanil were used.
Cisatracurium or rocuronium was maintained
for 40-60 min intraoperatively. The anesthesi-
ologist injected 0.2 pg/kg of sufentanil intra-
venously when the patient’s hemodynamic
parameters exceeded 20% of the baseline.
Patients were given 0.3 mg of atropine at a heart
rate of < 50 beats per minute. The bispectral
index system value during anesthesia mainte-
nance was between 40 and 60. Patients were
monitored using a Mindray T6 workstation.
Intraoperative monitoring included noninva-
sive blood pressure, electrocardiogram, oxygen
saturation, and respiratory carbon dioxide.

Postoperative pain was assessed using a
visual analog scale (VAS) on a scale of 0 (no
pain) to 10 (the worst pain imaginable). In
addition, patients with a pain scale of > 4 were
given 50 mg of flurbiprofen. Opioids are not
routinely used for postoperative analgesia in our
hospital. All patients were followed up by an
anesthesiologist (C) who was blinded to the
group allocation.

Outcome Measures

VAS pain scores were recorded at 1, 6, 12, 24,
and 48 h after surgery by an anesthesiologist

(C) who was blinded to the patient group. The
primary outcome was the dosage of flurbiprofen
at 48 h after surgery. The VAS scores at rest and
at 90-degree shoulder abduction after surgery
were recorded. Secondary measures were a
comparison of intraoperative and post-anes-
thesia care unit (PACU) opioid use. In addition,
intraoperative = hemodynamic  parameters,
including systolic pressure, diastolic pressure,
mean arterial pressure, and heart rate, were
recorded. The severity of postoperative nausea
and vomiting (PONV) was also recorded and
well managed. Other adverse reactions associ-
ated with local nerve block were also docu-
mented and managed.

Statistical Analysis

IBM SPSS for Windows® version 23.0 (SPSS,
Chicago, IL, USA) was used for all statistical
analyses. Statistical methods (mean, median,
minimum-maximum, and rate) were used to
evaluate descriptive variables. The Kol-
mogorov-Smirnov tests of normality were used
to verify the normal distribution of quantitative
data. Wilcoxon rank sum test was used since the
variables were not normally distributed. A sin-
gle-factor analysis of variance for repeated
measurements was used to assess intraoperative
blood pressure and heart rate. Fisher’s exact and
Pearson’s chi-square tests were used to compare
categorical variables between groups. All
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calculations were two-sided, and the confidence
interval was 95%. A bilateral P value of < 0.05
was considered statistically significant.

RESULTS

A total of 75 patients who underwent modified
radical mastectomy were assessed as eligible, 15
of whom were excluded; 60 patients were ran-
domly divided into two groups (Fig. 2).

The demographic data, duration of anesthe-
sia, site of surgery, operation time, intraopera-
tive dosage of propofol, and hospital stay
between the two groups were similar. The
intraoperative dosages of remifentanil and
sufentanil were lower in group DR than that in
group R (P < 0.05). Then, PACU stay of patients
was longer in group DR than in group R
(Table 1).

The VAS pain score was lower in group DR
than in group R at any time in the resting state,
except at 1 h after surgery. The VAS pain score

was lower in group DR than in group R at 12
and 24 h after surgery (Table 2). During the
operation, the heart rate of patients in group DR
was lower than that in group R. No statistically
significant difference was found in blood pres-
sure between the two groups (Fig.3). The
grouping (group R or group DR) had a signifi-
cant effect on heart rate over time (excluding
baseline differences) (P = 0.012). There was no
difference in heart rate between the two groups
at baseline (P = 0.682). The heart rate of group
DR was lower than that of group R after anes-
thesia induction, pericarpectomy, and axillary
dissection and at the end of surgery.

Notably, four patients in group R had post-
operative nausea, and two of them had vomit-
ing. In group DR, two patients developed
nausea, and none vomited. However, these dif-
ferences were not statistically significant
between the two groups (postoperative nausea,
Fisher’s exact chi-square test, P = 0.671; vomit-
ing, Fisher’s exact chi-square test, P = 0.492)
(Table 3). After surgery, no sinus bradycardia,

| Assessed for eligibility (n = 75) |

—

Excluded (n = 15)
« fall short (n = 5)
* Declined to participate (n=10)

I Randomised (n = 60) |

|

| Allocation

|

!

Allocated to group R (n = 30)
* Received ESP block with
ropivacaine

}

Allocated to group DR (n = 30)
* Received ESP block with
ropivacaine + dexmedetomidine

\d

| | Lost to follow-up (n = 0) |

|

| Lost to follow-up (n = 0) | | Follow-Up
‘ Analyzed (n = 30) | | Analysis

| ‘ Analyzed (n = 30) ‘

Fig. 2 CONSORT flow of clinical procedures for the study. Group R: erector spinae plane block with ropivacaine; group

DR: erector spinae plane block with dexmedetomidine plus ropivacaine
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Table 1 Demographic information of patients and anes-
thesia during the operation

Group R Group DR

(n = 30) (n = 30)
Age (year) 52.83 876 5193 £ 9.18
Height (cm) 158 + 3.99 159 + 623
Weight (kg) 60.07 £ 7.76 5873 £ 6.23
BMI (kg/m?) 2402 £2.80  23.17 + 243
ASA (1/11) 14/16 12/18
Site of surgery (left/  18/12 17/13

right)

Duration of surgery ~ 87.50 £ 20.63  89.20 & 25.52

(min)
Duration of 111.43 + 24.16 112.80 £ 28.59

anesthesia (min)

Intraoperative 462.6 = 112.1  461.7 £ 108.6
propofol (mg)

Intraoperative 30 (20-35) 25 (20-30)
sufentanil (pug)

Intraoperative 75 (0-750) 0
remifentanil (lg)

PACU stay (min) 30 (24-45) 34.5 (29-48)

Length of stay (days) 8 (6-15) 8 (6-18)

Data are expressed as mean =+ standard deviation, [(Me-
dian) Min — Max] or number

BMI body mass index, A4SA American Society of
Anesthesiologists

hypotension, or other nerve block complica-
tions occurred in the two groups. Dexmedeto-
midine significantly reduced flurbiprofen
consumption (P = 0.038) after surgery (Table 3).

DISCUSSION

ESPB is deemed a feasible peripheral nerve block
for postoperative analgesia in breast cancer
surgery [11]. Because indwelling peripheral
nerve catheterization is neither ideal nor easy to
manage, the analgesic effect of single

Table 2 Postoperative VAS scores

Group R Group DR P
(n = 30) (»n = 30)
VAS score in rest
Ist hour 0 (0-1) 0 (0-0) 0.159
6th hour 1(1-1) 1(1-1) 0.002
12¢th hour 1.5 (1-2) 1(1-1) 0.004
24th hour 2 (1-2) 1(1-1) 0.002
48th hour 1(1-2) 1(1-1) 0.019
VAS score in
movement
Ist hour 1(1-1) 1(1-1) 0.210
6th hour 1(1-2) 1(1-1) 0.192
12th hour 2.5 (2-3) 2 (1-2) 0.013
24th hour 3 (3-3) 3 (2-3) 0.008
48th hour 3 (2-3) 2 (2-3) 0.476

Data were expressed as median and 95% CI for median,
and VAS scores were compared using Wilcoxon rank sum
test

postoperative nerve block still needs to be fur-
ther elucidated. Ropivacaine, a long-acting
amide local anesthetic agent, is considered
better at separating sensory and motor effects,
with less cardiac toxicity. However, ropivacaine
alone is used for a short time in nerve block and
has limited effect in postoperative analgesia. It
was found that dexmedetomidine combined
with ropivacaine could enhance peripheral
nerve block and prolong sensory block time
(19, 20].

In this study, we found that ropivacaine with
dexmedetomidine (1 ug/kg~') had better anal-
gesic effect than ropivacaine alone. In this
study, the postoperative pain score was signifi-
cantly lower in group DR than that in group R
in both resting and active states. For the breast
cancer, ESPB with the combination of
dexmedetomidine and ropivacaine could effec-
tively control the postoperative pain up to 24 h.
A previous study reported that the addition of
dexmedetomidine to ropivacaine increased the
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Fig. 3 Changes in hemodynamics. Group R: erector
spinae plane block with ropivacaine; group DR: erector
spinae plane block with dexmedetomidine plus ropiva-
caine; a: HR (beats/min); b: MAP (mmHg); HR heart
rate; MAP mean arterial blood pressure; 70 baseline level
when entering the operating room; 7'/ immediately after
anesthesia induction; 72 immediately after incision; 773
immediately after axillary lymph node dissection; 74 end
of the surgery. *P < 0.05 compared with group R

Table 3 Postoperative flurbiprofen consumption and
adverse effects

Group R Group DR P

(» = 30) (» = 30)
Flurbiprofen 150 100 0.038

consumption, mg  (94-160) (52-115)

Nausea 4 (13.3) 2 (6.6) 0.671
Vomit 2 (6.6) 0 (0) 0.492
Bradycardia 0 0 -
Hypotension 0 0 -

Data are expressed as median and 95% CI for median, or
number (%)

duration of sensory and motor blockade in a
concentration-dependent manner in rats [21].

Reducing perioperative opioid demand is
one of the goals of the current enhanced

rehabilitation program. The aim is to reduce the
potential side effects associated with opioids.
Regional nerve block plays an important role in
reducing opioids. Thoracic paravertebral block
reduces many complications of epidural block
in patients who have had breast surgery [3].
Studies have indicated that thoracic paraverte-
bral block reduces the opioid consumption after
breast surgery, and its effect is seen in the early
postoperative period, which may be related to
the anesthetic time of ropivacaine [22]. ESPB
can be given unilaterally during modified radi-
cal mastectomy. The anesthesia is similar to
thoracic epidural block, but there are no
hemodynamic side effects, and ESPB has been
found to reduce opioid use after breast cancer
surgery [11]. In a recent study, dexmedeto-
midine combined with paravertebral block was
found to have reduced opioid requirement
during a video-assisted thoracoscopic surgery
[23]. In this study, the consumption of opioids,
including sufentanil and remifentanil, in group
DR was lower than that in group R; however,
this is not enough to make a difference in the
postoperative PONV incidence.

Dexmedetomidine has an anti-sympathetic
effect and can activate the vagus nerve, reduc-
ing plasma catecholamine levels, thereby pro-
viding stable hemodynamics and lowering
blood pressure and heart rate [24]. Heart rate
was lower in group DR than in group R. Mean
arterial pressure was similar in both groups
inside the operating room. There was no dif-
ference in ephedrine and atropine dosage and
hemodynamic management between the two
groups. Intraoperative bradycardia is only tem-
porary and can be quickly managed with atro-
pine when the heart rate is below 50 beats per
minute. No bradycardia occurred in the two
groups after surgery. Some studies have reported
that adding dexmedetomidine lowers blood
pressure and heart rate [25], whereas others
have not [26, 27]. Therefore, the dose relation-
ship between dexmedetomidine and hemody-
namic effects is unclear.

The analgesic effects of dexmedetomidine
are influenced by a variety of mechanisms. The
lower postoperative pain score and reduced
opioid consumption during the perioperative
period are considered a combination of
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multiple mechanisms. The mechanism of per-
ineural dexmedetomidine is mainly the
enhancement of membrane hyperpolarization
owing to the activation of sodium and potas-
sium pumps [28, 29]. The analgesic effect of
perineuronal dexmedetomidine is due to the
enhancement of cation channels activated by
hyperpolarization, which prevents the mem-
brane potential of the nerve from returning
from hyperpolarization to the resting state for
subsequent discharge [21]. Perineural
dexmedetomidine extended the duration of ul-
nar nerve sensory block by 60%, and systemic
dexmedetomidine extended sensory block by
10% compared with placebo [26]. Therefore,
local anesthetic agents combined with
dexmedetomidine enhance the inhibition of
nerve conduction and produce better analgesic
effects than local anesthetic agents alone.

There are some limitations in this study.
First, this study lacks an intravenous control.
Without an intravenous control, we cannot
determine whether dexmedetomidine is added
by systemic absorption or by peripheral nerve
action. Thus, it is difficult to conclude the
exact mechanism by which adjuvant
dexmedetomidine has opioid-sparing effects on
ESPB. The study also did not evaluate the skin
diffusion of the blocker preoperatively to rep-
resent its analgesic effect. The diffusion of
analgesia and local anesthesia may not be
inconsistent.

CONCLUSIONS

In conclusion, this study reveals that 1 pg/kg™"
of dexmedetomidine combined with 0.33%
ropivacaine ESPB can better provide postopera-
tive analgesia than without dexmedetomidine
performance, thus improving postoperative
analgesia and comfort level.
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