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Objectives: Single-injection erector spinae plane block (ESPB) pro-
vides good control of pain relief after open thoracotomy surgeries.
However, the duration of pain relief does not last long. For this
purpose, we hypothesized that adding α2-adrenoceptor agonist,
dexmedetomidine, for interfascial nerve blockade may increase the
duration of analgesia. There are only few studies using dexmede-
tomidine for interfasical nerve blocks in humans. In this study, our
aim is to investigate whether addition of dexmedetomidine to
ropivacaine for ESPB could effectively prolong the duration of
postoperative analgesia and reduce opioid consumption after open
thoracotomy.

Materials and Methods: Sixty patients with esophageal cancer were
randomized to receive ESPB using 28mL of 0.5% ropivacaine, with

2 mL of normal saline (group R) or 0.5 µg/kg dexmedetomidine in
2 mL (group RD) administered interfascially. ESPB was performed
at the fifth thoracic level under ultrasound guidance. The primary
outcome was the duration of analgesia. The secondary outcomes
were total postoperative sufentanil consumption, Numeric Rating
Scale pain scores, Ramsay Sedation Scale scores and adverse effects.

Results: The duration of analgesia in group RD (505.1± 113.9) was
longer than that in group R (323.2± 75.4) (P< 0.001). The total
postoperative sufentanil consumption was lower in group RD
(23.3± 10.0) than in group R (33.8± 13.8) (P= 0.001). There was no
significant difference in the incidence of adverse effects between the
2 groups.

Conclusion: After open thoracotomy, addition of dexmedetomidine
to ropivacaine for ESPB effectively prolonged the duration of
postoperative analgesia and reduced opioid consumption without
increasing additional incidence of adverse effects.

Key Words: dexmedetomidine, open thoracic surgery, pain, post-
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O pen thoracotomy for the treatment of thoracic esoph-
ageal cancer is associated with intense acute post-

operative pain.1 Single-injection erector spinae plane block
(ESPB) has been reported to be successfully used for anal-
gesia after thoracotomy.2 Although ESPB is effective for
alleviating pain after thoracotomy, the duration of analgesia
is not long enough.3 Because the moderate-severe acute
postoperative pain associated with open thoracotomy fre-
quently outlasts the duration of single-injection ESPB and
there is muted enthusiasm regarding the use of continuous
perineural catheters, the potential for prolonging the dura-
tion of analgesia after single-injection ESPB is especially
important.4–6 Adding adjuvants (eg, clonidine) to local
anesthetics is frequently used to prolong the duration of
single-injection regional nerve block.6–9 The use of another
α2-adrenoceptor agonist, dexmedetomidine, for interfasical
nerve blockade is not as widespread. Dexmedetomidine is a
7 times more selective α2-adrenoceptor agonist in compar-
ison to clonidine and has a similar mechanism of blocking
hyperpolarisation activated cation channels.10 There have
been multiple studies claiming increased effectiveness of use
of dexmedetomidine and this has been consolidated in a
meta-analysis examining the effectiveness of dexmedetomi-
dine as a peripheral nerve block adjuvant.11,12 However,
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whether interfasical dexmedetomidine prolongs the duration
of single-injection ESPB and reduces postoperative opioid
consumption after curative-intent open thoracotomy
remains uncertain. Therefore, this prospective, randomized,
double-blinded, controlled clinical study was performed to
investigate whether adding dexmedetomidine to ropivacaine
could prolong the duration of single-injection ESPB and
reduce postoperative opioid consumption for open
thoracotomy.

MATERIALS AND METHODS

Trial Design and Participants
This prospective, randomized, double-blinded, con-

trolled clinical study was conducted in accordance with the
Helsinki Declaration. The study was approved by the
Institutional Ethics Committee of National Cancer Center/
National Clinical Research Center for Cancer/Cancer
Hospital, Chinese Academy of Medical Sciences and Peking
Union Medical College (18-079/1657). And this trial was
registered on: www.chictr.org.cn (ChiCTR1800016583) on
June 10, 2018. The patients were enrolled on July 2, 2018.
Written informed consent was obtained from every patient.

The major inclusion criteria were as follows: diagnosed as
lower thoracic esophageal cancer, American Society of Anes-
thesiologists (ASA) physical status of I to III, aged 18 to
64 years old (ie, adult, but not elderly), selected for open
thoracic surgery (Sweet procedure), and able to communicate
well and understood how to evaluate their pain score at rest or
during coughing. To eliminate potential confounders from the
surgeons, all open thoracic surgeries were performed by only
the same experienced surgical team. The major exclusion cri-
teria were as follows: infections at the site of injection for
ultrasound-guided ESPB; neuropathy; coagulation disorders,
morbid obesity (body mass index > 40 kg/m2); allergy to
ropivacaine or dexmedetomidine; adrenoreceptor agonist or
antagonist therapy; greater than first-degree heart block; bra-
dycardia (heart rate [HR] < 50 bpm); pregnancy clinically
significant cardiovascular, pulmonary, hepatic or renal dis-
eases; psychiatric illnesses that would interfere with the
assessment of pain scores; and those given a painkiller within 1
week before surgery. During the preoperative interview,
patients were taught how to evaluate their pain score by the
Numeric Rating Scale (NRS).

Randomization and Blinding
A computer-generated randomization list was used to

randomize consented study participants on a 1:1 ratio to
receive ultrasound-guided ESPB with the trial medication.
(1) Group R (control): 28 mL of 0.5% ropivacaine+2mL of

normal saline.
(2) Group RD: 28mL of 0.5% ropivacaine+0.5 µg/kg in

2 mL of interfascial dexmedetomidine.
The volume of the study drug was 30 mL. None of the

patients were administered intravenous dexmedetomidine
perioperatively. The patient-controlled intravenous analge-
sia (PCIA) protocol was programmed with 200 µg sufentanil
diluted to 100 mL (1.5 mL bolus, lockout time interval of
10 minutes and 1 hour limit of 9 mL without any baseline
infusion). The randomization table was kept in our hospital
pharmacy. The study medication and PCIA solutions were
prepared by a nurse who did not know the purpose of the
study. The patients, surgeons, and research staff who
enrolled participants and collected study data were blinded
to the group assignments.

Interventions
Before the study, every patient was trained on how to

use the PCIA pump and instructed on using the NRS; with
0: no pain to 10: the worst imaginable pain.

Upon arrival in the operating room, routine monitoring
for open thoracotomy, including 5-lead electrocardiography,
invasive blood pressure, HR, respiratory rate (RR), and pulse
oxygen saturation was applied.

Before general anesthesia induction, the patient was
placed in a right lateral decubitus position. Then, the spi-
nous processes were palpated and marked, and the fifth
thoracic transverse process was identified using a high-
frequency linear ultrasound transducer (GE LOGIQe,
Wauwatosa, WI) counting up from the 12th rib and also
down from the first rib. And the position of the T5 trans-
verse process was confirmed under ultrasound guidance.
Then, by moving the probe to the outside, the probe was
placed in a longitudinal orientation 3 cm lateral to the T5
spinous process. Then, 3 muscles were identified superficial
to the hyperechoic transverse process shadow as follows:
trapezius, rhomboid major, and erector spinae. Under
ultrasound guidance, an 8-cm 22-G block needle (Contiplex;
B Braun, Melsungen, Germany) was inserted in-plane in a
caudad-to-cephalad direction until the tip lay in the surface
of the transverse process (Fig. 1A). Correct needle tip
position was confirmed by visualizing linear fluid spread
that separated the erector spinae muscle from the transverse
process. Then, 30 mL of the study drug was injected deep
into the erector spinae muscle (Fig. 1B). The assessment of
cutaneous sensory block by pinprick was initiated
30 minutes later by a blind observer. After confirmation and
assessment of the sensory block to pinprick, general anes-
thesia was induced with 0.05 mg/kg midazolam, 1.5 to
2.5 mg/kg propofol, 0.2 to 0.4 µg/kg sufentanil and 0.15 mg/
kg cisatracurium. General anesthesia was maintained with
sevoflurane, sufentanil and cisatracurium. And train-of-four
stimulation of the ulnar nerve at the adductor pollicis was
used to monitor intraoperative neuromuscular blockade.

The standardized anesthetic technique was used in the
2 groups. After anesthesia induction, a double-lumen
endobronchial tube was placed under the guidance of
fiberoptic bronchoscopy. Then, the patient was turned to a
right lateral decubitus position from the supine position.
The correct position of the double-lumen endobronchial
tube was confirmed again by fiberoptic bronchoscopy.
Before the skin incision, 1-lung ventilation was initiated.
The volume-controlled ventilation mode was adopted, with
the airway pressure and lung compliance monitored. Gen-
eral anesthesia was maintained with 2.5% to 3.0% sevo-
flurane (1.3 to 1.5 minimum alveolar concentration). The
end-tidal carbon dioxide partial pressure was maintained
between 35 and 45 mmHg by mechanical ventilation.

After ipsilateral lung collapse, a posterolateral incision
in the sixth intercostal space on the left side of the chest was
made. At the conclusion of the surgical procedure, a chest
drain was placed. At the end of the surgery, the intravenous
analgesic pump was applied. PCIA was administered when
NRS ≥ 4 or at the request of the patient.

Outcomes
The primary outcome was the duration of analgesia,

which was defined as the time in minutes to the first request
for postoperative analgesics. Total postoperative sufentanil
consumption within the 48-hour period and total intra-
operative sufentanil consumption were also recorded. Before
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surgery (baseline) and at 3, 6, 12, 24, 36, and 48 hours after
surgery, the patient’s mean arterial pressure (MAP), HR,
NRS scores at rest and during coughing, and Ramsay
Sedation Scale (RSS) (1: anxious; 2: cooperative and tran-
quil; 3: responding to command; 4: brisk response to stimuli;
5: sluggish response to stimuli; and 6: no response to stimuli)
were all assessed.

Adverse effects (AEs) such as hypotension (systolic
blood pressure < 90mmHg or > 20% decline from base-
line), hypoxemia (pulse oxygen saturation< 90%), brady-
cardia (HR< 50 bpm), respiratory depression (RR< 10
breaths/min lasting for > 10 min), pruritus, neurotoxicity,
headache, nausea and vomiting were recorded after surgery.
Hypotension was treated with 6 mg ephedrine and 6 mL/kg
normal saline; the same doses were repeated as required.
Bradycardia was treated with intravenous boluses of 0.5 mg
atropine, repeated as needed to a total of 3 mg. Hypoxemia
was treated with inhalation of pure oxygen through a face
mask. Respiratory depression was treated with naloxone
and oxygen until the RR was > 15 breaths/min.

Statistical Analysis
The primary outcome was the duration of analgesia by

single-injection ESPB. We hypothesized that adding 0.5 µg/
kg dexmedetomidine to 0.5% ropivacaine would prolong the
duration of analgesia compared with only 0.5% ropivacaine
after ESPB for open thoracotomy. In our preliminary study
conducted in 10 adult patients (5 in each group), the mean
duration of analgesia was 397± 74 and 461± 80 minutes in
group R and group RD, respectively. PASS, version 11.0.7
(NCSS LLC) for Windows was used to calculate the sample
size. The Student t test was selected, and the group alloca-
tion ratio was equal. The hypothesized means of the anal-
gesia duration were 397 and 461, and the SDs were 74 and
80, respectively. Then, we calculated that a sample of 24
patients would provide 80% power at a 2-sided α level of
0.05. Ultimately, we recruited 30 patients in each group for
a total of 60 patients considering possible dropouts and
incomplete follow-up.

The continuous variables are presented as the mean±
SDs or medians (25th to 75th percentiles), and categorical
data are presented as numbers and percentages. Normality
was tested by the Kolmogorov-Smirnov analysis. The Stu-
dent t test was used for analysis of the duration of analgesia,
total intraoperative and postoperative sufentanil con-
sumptions, NRS score and RSS data. The Kaplan-Meier
survival method was used for analysis of time-to-event
outcomes, and the log-rank test was used to compare
groups. For analysis of MAP and HR data, repeated
measures analysis of variance with Bonferroni correction
was used. To analyze the incidence of AEs, Fisher exact test
was used. All data were processed by IBM SPSS Statistics
21.0 (IBM Inc., New York, NY). A 2-sided P-value < 0.05
was considered to be statistically significant.

RESULTS
A total of 113 patients were recruited to participate in

this study from July 2018 to December 2019. In addition, 45
patients were ineligible because they did not meet the
inclusion criteria or declined to participate. Eight patients
were excluded from the trial because of nonadherence to the
study protocol (5 patients were lost to follow-up; 1 patient
underwent secondary emergency surgery in 48 hours;
1 patient refused to use PCIA after thoracotomy; and
1 patient developed atelectasis in 48 h). Ultimately, 60
patients were randomized and completed the study protocol
(group R: n= 30; group RD: n= 30). The Consolidated
Standards of Reporting Trials flow diagram depicts partic-
ipants progressing through the study phases (Fig. 2).

Ultimately, a total of 60 patients were included in the
analysis in this study. There were no significant differences
in the patient characteristics between the groups (Table 1).

The duration of analgesia was significantly longer in
group RD than in group R (P< 0.001) (Table 2). Figure 3
represents the Kaplan-Meier survival analysis of the time to
first analgesic request. The log-rank test revealed that the
time to first analgesic request was prolonged in group RD
compared with group R (P< 0.001).

FIGURE 1. Ultrasound-guided erector spinae plane block performed deep to the ESM. A, Ultrasound imaging before injecting study
drug. B, Injection of study drug into the interfascial plane deep to ESM produced a visible fluid spread (white hollow triangles) beneath
the ESM. ESM indicates erector spinae muscle; RMM, rhomboid major; T5, the fifth thoracic vertebra; TM, trapezius; TP, transverse
process.
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The total postoperative sufentanil consumption in
group RD was significantly lower than that in group R
(P= 0.001) (Table 2). Also, the total intraoperative sufen-
tanil consumption in group RD was significantly lower than
that in group R (P= 0.01) (Table 2).

At 12, 24, 36, and 48 hours postoperatively, the NRS
score at rest in group R was higher than that in group RD
(P< 0.05) (Fig. 4A). At 12, 24, and 36 hours post-
operatively, the NRS score during coughing in group R was
higher than that in group RD (P< 0.05) (Fig. 4B).

The MAPs at different time points were significantly
different in each group (P< 0.001) (Fig. 5). Similarly, the
discrepancies in HR at different time points were statisti-
cally significant (P< 0.01) (Fig. 6). However, no significant
differences were observed in the MAP or HR between group
R and group RD (P= 0.250 and 0.099, respectively).

Table 3 shows the number of patients experiencing AEs.
There were no significant differences in the incidences of bra-
dycardia, hypotension, hypoxemia, respiratory depression,
nausea, vomiting, pruritus, dizziness or neurotoxicity between
group R and group RD. The RSS is shown in Figure 7. At 12,

24, 36, and 48 hours postoperatively, the RSS in group RD was
higher than that in group R (P<0.05).

DISCUSSION
In this study, we demonstrated that adding dexmede-

tomidine to ropivacaine could prolong the analgesia dura-
tion and reduce postoperative sufentanil consumption
compared with ropivacaine alone in patients undergoing
open thoracotomy without additional AEs.

There are a few studies using dexmedetomidine for
interfascial nerve blocks in humans. Although beneficial in
acute and chronic pain management, the use of local anes-
thetics is limited by its duration of action and the dose
dependent AEs on the cardiac and central nervous system.
Adjuvants or additives are often used with local anesthetics
for its synergistic effect by prolonging the duration of sen-
sory-motor block and limiting the cumulative dose
requirement of local anesthetics. Subsequently, there have
been studies in supraclavicular, interscalene, cervical plexus,
and ulnar nerve blocks where dexmedetomidine has been
shown to increase quality and duration of analgesia of

FIGURE 2. Patient enrollment and inclusion and exclusion process. PCIA indicates patient-controlled intravenous analgesia.

TABLE 1. Demographic Data and Surgical Characteristics

Group R Group RD P

Age (y) 55.8± 7.0 57.9± 6.0 0.205
BMI (kg/m2) 22.5± 2.0 22.8± 2.2 0.614
Sex (F/M) 8/22 9/21 0.774
Duration of surgery (min) 141.8± 32.9 148.1± 35.4 0.473
Extubation time (min) 21.6± 5.8 22.6± 6.8 0.553

Data are expressed as the mean± SD for numbers. There were no sig-
nificant differences between groups.

BMI indicates body mass index; F, female; M, male; R, ropivacaine; RD,
ropivacaine+dexmedetomidine.

TABLE 2. Duration of Analgesia and Sufentanil Consumption

Variables Group R Group RD P

Duration of analgesia (min) 323.2± 75.4 505.1± 113.9 < 0.001
Total postoperative

sufentanil consumption
(µg)

33.8± 13.8 23.3± 10.0 0.001

Total intraoperative
sufentanil consumption
(µg)

44.3± 7.2 38.3± 6.1 0.01

The duration of analgesia and sufentanil consumption data are expressed
as the mean±SD.

R indicates ropivacaine; RD, ropivacaine+dexmedetomidine.
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commonly used local anesthetics like ropivacaine and
bupivacaine.13–15 An interesting study found that dexme-
detomidine fared significantly better than clonidine when
used as an adjuvant in supraclavicular blocks.16 Neuro-
toxicity of dexmedetomidine, especially when used in peri-
neural spaces is a valid concern. Surprisingly, preliminary
evidence seems to suggest that dexmedetomidine has
potential for neuroprotection, especially when compared
with lidocaine and bupivacaine.17,18

In a previous study by Xu et al,18 the authors found that
adding 0.5 µg/kg dexmedetomidine to 0.25% ropivacaine for
transversus abdominis plane block reduced the total amount of
sufentanil in the first 24 hours after abdominal surgery. Similar
to the results of their study, the total postoperative sufentanil
consumption in this study was significantly lower in group RD
than in group R in the first 48 hours after surgery, indicating
that adding 0.5 µg/kg dexmedetomidine to 0.5% ropivacaine
could provide a significant opioid-sparing effect after open
thoracotomy. As Lee et al19 found, patients with esophageal
cancer undergoing curative-intent surgeries were particularly
vulnerable to opioid abuse, which was probably associated
with intense postsurgical pain after thoracotomy. Regional
block for effectively managing postoperative pain while
simultaneously decreasing opioid consumption was found to
decrease subsequent opioid misuse or dependence.20,21 On the
basis of the currently available evidence, we speculated that

adding dexmedetomidine to ropivacaine for ESPB probably
contributed to minimizing opioid use and misuse in patients
with esophageal cancer undergoing curative-intent thorac-
otomy.

As demonstrated in this study, the RSS scores at 12, 24,
36, and 48 hours postoperatively were higher in group RD
than in group R. Furthermore, the RSS score in group RD
was < 3 points. These results indicated that interfascial
dexmedetomidine could provide a rational sedative effect in
the first 48 hours after thoracotomy, including preventing
patients from being restless, agitated, or anxious. Despite
interfascial dexmedetomidine producing superior sedative
effectiveness, no patients receiving dexmedetomidine expe-
rienced respiratory depression or desaturation in the first
48 hours after thoracotomy, which indicated that adding
0.5 µg/kg dexmedetomidine to ropivacaine for ESPB was
safe. Although most available research has emphasized
direct interfascial mechanisms,10,22,23 in a previous inter-
esting study, Hong et al24 found that sedation with intra-
venous dexmedetomidine was able to prolong the analgesic
effect of regional nerve block. However, the exact mecha-
nism by which adding dexmedetomidine prolongs the
analgesia time of ESPB remains speculative.

FIGURE 4. Postoperative pain severity NRS score at rest (A) and during coughing (B) at 3, 6, 12, 24, 36, and 48 hours postoperatively.
*P<0.05. NRS indicates Numeric Rating Scale; R, ropivacaine; RD, ropivacaine+dexmedetomidine.

FIGURE 5. Mean arterial pressure (MAP) changes at different
times in each group. In both groups, the changes in MAP showed
a significant difference in relation to time, with *P<0.001.
R indicates ropivacaine; RD, ropivacaine+dexmedetomidine.

FIGURE 3. Kaplan-Meier survival plot representing the first analgesic
request in the 2 groups. *P<0.001 between group RD and group R.
R indicates ropivacaine; RD, ropivacaine+dexmedetomidine.
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As demonstrated in this study, adding 0.5 µg/kg dexme-
detomidine to ESPB did not cause significant fluctuations in
MAP or HR. In addition, the incidence of other AEs, including
nausea, vomiting and dizziness, was similar in the 2 groups.
However, this result did not indicate that any dose of dexme-
detomidine could be safely used for perineural injection. In a
previous study by Esmaoglu et al,25 they found that adding 100
µg dexmedetomidine to the local anesthetic caused obvious
declines in systolic blood pressure, diastolic blood pressure, and
HR during the first 2 hours after surgery. In addition, a previous
meta-analysis indicated that when the dose of dexmedetomidine
for perineural injection was >50 µg, the possibility of intra-
operative bradycardia significantly increased.26 As known, the
common AEs of dexmedetomidine are bradycardia and hypo-
tension, which are commonly seen in the elderly.27 The reasons
for the absence of bradycardia and hypotension after interfascial
use of dexmedetomidine in this study were probably as follows:
first, none of the patients involved in the study were elderly.
Second, the dose of dexmedetomidine adding for interfascial
plane block in this study was not high. Therefore, these studies
suggest that clinicians should select the dose of dexmedetomi-
dine for interfascial injection with caution.

Similar to clonidine, dexmedetomidine pretreatment
extends the time-to-cardiotoxicity from intravenous bupivacaine
infusion in rats, and increases the total dose required to induce

cardiac arrest.28,29 Whether this cardioprotective effect applies to
coadministration with local anesthetics is not known. Whether
coadministration of α2-adrenoceptor agonists and local anes-
thetics will have similar safety effects is not known and merits
further study. While the data to date are supportive, the authors
believe that further clinical studies are warranted to better
establish the appropriate dosing, potential side effects and safety
before widespread clinical use.

There were several limitations in this study. First, there was
no intravenous dexmedetomidine group in this study. Without
intravenous control, it was difficult to ascertain whether the
analgesic prolongation of dexmedetomidine was mediated by
systemic or local interfascial action. Second, the dose of dexme-
detomidine selected in this study was based on our institution’s
anecdotal experience. Further investigation is still needed to
determine the dose-ranging data. Third, considering that repeat-
edly assessing the cutaneous sensory block area after surgery can
significantly disturb patients’ rest, we used the time to first post-
operative analgesic request instead of testing sensory block to
ascertain the analgesia time of ESPB. However, the duration of
postoperative pain relief might not be a reliable surrogate
measure for the sensory blockade duration of ESPB. The former
has been validated and extensively used to evaluate the effect of
adjuncts on local anesthetic-based regional nerve block.30–34

Fourth, the patients might have fallen asleep when the inves-
tigators performed follow-up visits. This possibility might inter-
fere with the measurements in this study. Fortunately, the
randomized nature of this study probably balanced this situation.
Finally, the use of dexmedetomidine in this study was off-label.
Although this drug has been widely used internationally and
studied in many clinical trials, the United States Food and Drug
Administration has not approved dexmedetomidine for inter-
fascial injection. Considering the inconclusive evidence on the
safety of interfascial dexmedetomidine, we would like to suggest
that clinic practitioners gain approval from local regulatory
health institutions for the off-label use of this drug.

CONCLUSIONS
Our results suggest that in patients with esophageal cancer

undergoing curative-intent open thoracotomy, adding 0.5 µg/kg
dexmedetomidine to single-injection ESPB with 0.5% ropivacaine
prolongs the duration of analgesia and reduces perioperative
opioid consumption without producing additional evident AEs.

FIGURE 6. Heart rate changes at different times in each group. In
both groups, the changes in heart rate showed a significant dif-
ference in relation to time with *P<0.01. R indicates ropivacaine;
RD, ropivacaine+dexmedetomidine.

TABLE 3. Incidence of Adverse Effects

Adverse effects Group R Group RD P

Bradycardia 0 (0) 0 (0) —
Hypotension 0 (0) 0 (0) —
Hypoxemia 0 (0) 0 (0) —
Respiratory depression 0 (0) 0 (0) —
Nausea 5 (17) 3 (10) 0.706
Vomiting 3 (10) 1 (3) 0.306
Pruritus 0 (0) 0 (0) —
Dizziness 3 (10) 2 (7) 1.000
Neurotoxicity 0 (0) 0 (0) —

The incidence of adverse effects data are expressed as n (%).
R indicates ropivacaine; RD, ropivacaine+dexmedetomidine.

FIGURE 7. Ramsay Sedation Scale scores at 3, 6, 12, 24, 36, and
48 hours postoperatively. *P<0.05. R indicates ropivacaine; RD,
ropivacaine+dexmedetomidine.
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