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Objective: The aim of this study was to compare dexmedetomidine-

butorphanol (DB) and midazolam-butorphanol (MB) combinations for

sedation, and analgesia in burn patients undergoing dressing changes.

Methods: A total of 56 ASA I–II burn patients were included in this single-center

randomized clinical trial. The ages of these patients were between 20 and

60 years. TBSA ranged from 10% to 50%. They were randomized to group DB

and group MB during dressing change. In the DB group, each patient received a

bolus dose of dexmedetomidine (0.5 μg kg−1) and intermittent boluses of

butorphanol (20 μg kg−1). In the MB group, each patient received a bolus

dose of midazolam (0.05 mg kg−1) and intermittent boluses of butorphanol

(20 μg kg−1). The primary outcomes were sedation scores and pain scores.

The second outcomes were vital signs, side effects, and butorphanol

consumption.

Results: The sedation scores of these two groups did not differ significantly (p >
0.05), and the pain scores of these groups were not significantly different (p >
0.05). More patients had hypotension in the DB group than in the MB group

(6 versus 0, p = 0.01), but the number of patients who had respiratory

depression was higher in the MB group compared with the DB group
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(4 versus 0, p = 0.038). Butorphanol consumption in the MB group was higher

than in the DB group (p = 0.025).

Conclusion: Dexmedetomidine is comparable to midazolam when combined

with butorphanol in burn patients during dressing change. Compared with

midazolam, it has the advantage of opioid-sparing effect.

Clinical Trial Registration: [http://www.chictr.org.cn/showproj.aspx&proj=

130622], identifier [ChiCTR2100049325].
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Introduction

Dressing change and wound debridement are common

practices in patients with burn injury. It can cause severe pain

which is a physiological and psychological burden to the patient.

This kind of burn pain has been termed procedure pain, it is

mainly caused by the stimulus of chemical nociceptors and

mechanoreceptors in the burn wound. Lots of inflammatory

cytokines such as TNF-a, IL-1b, IL-6, PGE2, and Histamine are

involved in the mechanism of burn pain (Morgan et al., 2018).

Elevated metabolic level is often followed by burn injury, in

which state the concentration of plasma catecholamines,

glucagon, and cortisol are increased (Williams and Herndon,

2017). Inadequate pain control may lead to hypermetabolic state

and post-traumatic stress disorder, thus, pain and anxiety

management is an important issue for burn treatment.

Various drugs have been used in burn pain treatment. Which

include acetaminophen, opioids, benzodiazepines, propofol,

ketamine, dexmedetomidine and Griggs et al. (2017) Opioids

are the cornerstone of pain treatment in burn patients, but it has

lots of side effects such as nausea and vomiting. Tolerance to

opioids may happen when they were used repeatedly and

continuously (Wibbenmeyer et al., 2015). The guidelines for

burn pain management are different between countries and

regions, but the use of anxiolytic drugs in conjunction with

opioids is recommended (James and Jowza, 2017).

Midazolam is one of the commonly used sedatives during

burn dressing change. The benefit of midazolam lies in its fast

onset time for sedation (Conway et al., 2016). But it still has

shortcomings. Prolonged sedation would result when it was

administered repeatedly. The respiratory depression effect of

midazolam is also well known. Thus, the development of new

sedatives and regimens is urgently needed.

Dexmedetomidine is a selective α2 adrenergic agonist which
has a moderate sedation effect (Liu et al., 2021). The sedation

produced by dexmedetomidine is arousable (Khalil et al., 2016).

Except for its sedation effect, it also has an analgesic effect.

Dexmedetomidine has gained popularity in various kinds of

diseases (Su et al., 2016), but its clinical use in burn treatment

is still limited. Jiang et al. (2019) reported that it can be

successfully used for perioperative sedation in burn patients.

Asmussen et al. (2013) found the beneficial effects of

dexmedetomidine in burn patients. Retrouvey and Shahrokhi

(2015) suggested dexmedetomidine as an adjunct to opioids in

the treatment of burn pain.

Herein, we hypothesized that dexmedetomidine in

combination with butorphanol might provide better sedation

and analgesic effects during burn dressing change than

midazolam in combination with butorphanol, and the former

would reduce butorphanol consumption. The strengths and

shortcomings of this combination drug therapy would get

clarification from this trial.

Materials and methods

Study population

This clinical trial was approved by the ethics committee of the

Affiliated Hospital of Jiangsu University and was registered at the

Chinese Clinical Trial Registry (ChiCTR2100049325). It was

carried out on inpatients with second-degree to third-degree

burns. Following the Declaration of Helsinki, written informed

consent was obtained from each patient enrolled in this study.

This study was reported following Consolidated Standards of

Reporting Trials (CONSORT) guidelines. Inclusion criteria were:

burn patients scheduled to undergo dressing change; TBSA

ranged from 10% to 50%; ASA physical status I-II; age above

20 years and less than 60 years. Exclusion criteria were: ASA

physical status III-IV; less than 20 years old or more than

60 years old; allergy to drugs administered in this trial;

sedative drug and analgesic drug abuse; did not cooperate;

having severe diseases such as liver or renal insufficiency.

Study procedure

The dressing change procedures were performed in the ward

with intensive care equipment. Patients were allocated to the

dexmedetomidine-butorphanol (DB) group or the midazolam-
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butorphanol (MB) group by the computer-generated random

numbers in the ratio of 1:1. The randomized sequence was stored

in sealed envelopes. On the day of the dressing change, an

envelope was open and drugs were administered by one

anesthesiologist according to the allocated group, results were

assessed and recorded by another anesthesiologist blinded to the

assignment. Patients were not allowed to eat 6 h before and after

the procedure. In the DB group, patients received a bolus dose of

0.5 μg kg−1 dexmedetomidine intravenously for 10 min, then

20 mg kg−1 butorphanol was intravenously injected. In the MB

group, patients received a bolus dose of 0.05 mg kg−1 midazolam

intravenously for 10 min, and then 20 mg kg−1 butorphanol was

injected. The dressing change procedure began immediately after

butorphanol had been injected. During the procedure, we remove

the outer dressing and the inner dressing, after cleaning the burn

wound with saline, we cover the wound with new dressings. No

debridement was performed during the dressing change. Patients

were monitored by electrocardiography, noninvasive blood

pressure, thoracic impedance, and pulse oximetry. Oxygen is

supplied by a nasal catheter, and their heart rate (HR), mean

blood pressure (MBP), respiratory rate (RR), and pulse blood

oxygen saturation (SpO2) were recorded. The Ramsay Sedation

Scale (RSS) was used to assess the depth of sedation. The level of

sedation ranged from 1 = severe agitation to 6 = deep coma. The

Visual Analogue Scale (VAS) was used to assess the degree of pain,

it ranged from 0 = no pain to 10 = worst pain. The measurements

were recorded before drugs were administered (baseline), at the

beginning of the procedure, at 5, 10, 15, and 20 min of the

procedure. If VAS was recorded above 5, then 10 μg kg−1

butorphanol was intravenously injected as a remedy. Adverse

events such as nausea and vomiting, hypotension, bradycardia,

dizziness, respiratory depression, and desaturation were recorded.

They were recorded throughout the procedure. The systolic blood

pressure of less than 90 mmHg was considered to be hypotension

and 10 μg min−1 norepinephrine was given intravenously as a

rescue. The heart rate of fewer than 50 beats per minute was

considered to be bradycardia and 0.01 mg kg−1 atropine was given

intravenously. The SpO2 of less than 90% was considered to be

desaturation and a nasal cannula was changed to an oxygen mask.

The primary outcomes were RSS and VAS. The second outcomes

were side effects and butorphanol consumption. For every enrolled

patient, a dressing change was performed once every 2 days; five

consecutive dressing changes were recorded. The data recorded in

five consecutive procedures were used for analyses.

FIGURE 1
CONSORT flow diagram of the trial. Abbreviation: DB, dexmedetomidine-butorphanol; MB, midazolam-butorphanol.
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Sample size calculation

A pilot study was conducted to determine the sample size. A

standard deviation of one was recorded for the difference in RSS.

At the two-sided significant level of 0.05, and the power of 90%,

at least 23 cases in each group were required. In the hypothesis of

the 20% dropout rate, 30 cases in each group were needed.

Statistical analysis

Data were presented as numbers for categorical variables,

and mean ± standard deviation for continuous variables. Ranked

variables such as RSS and VAS were presented as median and

interquartile ranges. Statistical analyses were performed using

SPSS for windows version 20.0 (IBM, United States). The normal

distribution of the data was tested by Kolmogorov–Smirnov test.

Categorical variables between these two groups were analyzed by

the χ2 test; continuous variables between these two groups were

analyzed by the independent t-tests; HR, MBP, RR, and SpO2 of

these two groups at different time points were analyzed by

repeated-measures ANOVA followed by Bonferroni post-hoc

test. The differences of RSS and VAS at different time points

were analyzed by Friedman’s test in each group. Mann–Whitney

U test was used to analyze the differences of RSS and VAS

between these two groups at different time points. For all

observations, α < 0.05 was accepted as statistically significant.

Results

A total of 60 burn patients needing dressing changes were

assessed for eligibility, and four patients were excluded. Finally,

56 patients were enrolled in this study. 28 patients were allocated

to group DB and 28 patients were allocated to SB (Figure 1).

Patients enrolled in this study were injured by flame, hot water,

or chemical, their burn wounds varied from second degree to

third degree. There were no significant differences among these

groups regarding age, sex, weight, ASA class, etiology, and

procedure time (Table 1).

TABLE 1 Demographic data of the trial.

Group DB (n = 28) Group MB (n = 28) Values of p

Age (years) 42.25 ± 10.02 42.17 ± 10.65 0.979

Sex (M/F) 19/9 17/11 0.577

ASA(n)

Ⅰ 13 12 0.788

Ⅱ 15 16

Weight (kg) 70.00 ± 5.22 69.17 ± 5.27 0.561

TBSA (%) 19.14 ± 5.01 20.60 ± 5.20 0.288

Etiology

Flame 12 13 0.784

Scald 10 11

Chemical 6 4

Procedure time (min) 31.89 ± 4.53 31.17 ± 4.22 0.544

Data are displayed in mean ± SD, or n (%). Abbreviation: DB, dexmedetomidine-butorphanol; MB, midazolam-butorphanol; ASA, American society of anaesthesiologists physical status;

TBSA, total body surface area.

TABLE 2 Ramsay sedation scales of the two study groups.

Group DB (n = 28) Group MB (n = 28) Values of p

Baseline 1 [1, 2] 1.5 [1, 2] 0.284

5 min 3 [3, 4] 3 [3, 4] 0.790

10 min 4 [3, 4] 3.5 [3, 4] 0.178

15 min 4 [3, 4] 4 [3, 4] 0.571

20 min 4 [3, 4] 4 [3, 4] 0.412

25 min 3 [3, 4] 4 [3, 4] 0.108

Data are displayed in median and interquartile ranges. Abbreviation: DB, dexmedetomidine-butorphanol; MB, midazolam-butorphanol.
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In the DB group, a significant difference in RSS was observed

from baseline to the end of the procedure (χ2 = 79.528, p < 0.05).

In the MB group, the difference of RSS was also significant (χ2 =
78.494, p < 0.05). The baseline RSS of these two groups were

comparable (p = 0.284). Sedation scales increased after drug

administration. Differences in RSS between these two study

groups were not significant at other time points (Table 2,

p > 0.05).

A significant difference of VAS was observed from baseline to

the end of the procedure in the DB group (χ2 = 123.167, p < 0.05).

The difference of VAS was also significant in the MB group (χ2 =
120.563, p < 0.05). The baseline VAS of these groups was

comparable (p = 0.382). Pain decreased after drug

administration. At other time points, differences in RSS

between these two study groups were not significant (Table 3,

p > 0.05).

The difference ofMBP at different time points was significant

(F = 25.302, p < 0.05). The difference inMBP between groups was

also significant (F = 46.116, p < 0.05). There was significant

group-by-time interaction on MBP (F = 2.762, p = 0.021).

According to the Post-hoc test, there were no significant

differences regarding the baseline MBP between these two

groups (p = 0.321). The MBP decreased significantly in the

DB group at the beginning (81.6 ± 14.6 vs. 90.2 ± 10.8, p <
0.05), at 5 min (80.5 ± 14.5 vs. 89.3 ± 8.1, p < 0.05), at 10 min

(84 ± 11.7 vs. 91.5 ± 9.4, p < 0.05), and at 15 min (86.3 ± 11.1 vs.

90.5 ± 10.7, p < 0.05) of the procedure. At 20 min of the

procedure, the differences were not significant (Figure 2A,

p > 0.05).

The between-group factor on HR was significant (F = 5.419,

p < 0.05). The group-by-time interaction was significant in HR

(F = 2.336, p = 0.045). Post-hoc tests show that there were no

significant differences regarding the baseline HR between these

two groups (p = 0.173). The HR decreased significantly in the DB

group at the beginning (72.7 ± 11.6 vs. 80.8 ± 10.3, p < 0.05) and

5 min of the procedure (71.7 ± 11.4 vs. 79.1 ± 11.3, p < 0.05). At

other time points of the procedure, the differences were not

significant (Figure 2B, p > 0.05).

The between-group factor on RR was significant (F =

16.521, p < 0.05). The group-by-time interaction on RR was

significant (F = 3.609, p < 0.05). There was a significant drop in

RR in the MB group that was significantly different than in the

DB group (F = 8.177, p < 0.05). According to the Post-hoc test,

the baseline RR was not significantly different between these

two groups (p = 0.143). The RR decreased significantly in the

MB group at the beginning (16.2 ± 1.3 vs. 17.6 ± 1.8, p < 0.05), at

5 min (15.3 ± 1.6 vs. 17.3 ± 1.9, p < 0.05), at 10 min (15.5 ±

1.6 vs. 17.2 ± 1.5, p < 0.05), at 15 min (15.6 ± 1.8 vs. 17.1 ± 1.4,

p < 0.05) and at 20 min (15.5 ± 1.6 vs. 17.1 ± 1.7, p < 0.05) of the

procedure (Figure 3A).

The between-group factor on SpO2 was significant (F = 63.380,

p < 0.05). There was significant group-by-time interaction on SpO2

TABLE 3 Visual analogue scales of the two study groups.

Group DB (n = 28) Group MB (n = 28) Values of p

Baseline 1 [0.25, 1] 1 [0, 1] 0.382

5 min 1 [0.25, 1] 1 [0, 1] 0.656

10 min 5 [4, 5] 4.5 [4, 5] 0.971

15 min 4 [3, 5] 4 [4, 5] 0.197

20 min 4 [4, 5] 4 [3.25, 5] 0.416

25 min 4 [3, 4] 3 [3, 4] 0.736

Data are displayed in median and interquartile ranges. Abbreviation: DB, dexmedetomidine-butorphanol; MB, midazolam-butorphanol.

TABLE 4 Side effects of the two study groups.

Group DB (n = 28) Group MB (n = 28) Values of p

Nausea and vomiting 3 5 0.445

Hypotension 6 0 0.01*

Bradycardia 0 0

Dizziness 0 0

Respiratory depression 0 4 0.038*

Desaturation 0 0

Abbreviation: DB, dexmedetomidine-butorphanol; MB, midazolam-butorphanol. *p < 0.05 compared with Group DB.
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(F = 25.058, p< 0.05). There was a significant drop in SpO2 in theMB

group that was significantly different than in the DB group (F =

26.528, p < 0.05). Post-hoc test shows that the baseline SpO2 of these

two groups was not significantly different (p = 0.053). The SpO2

decreased significantly in the MB group at the beginning (98.6 ±

0.9 vs. 99.1 ± 0.7, p < 0.05), at 5 min (97.4 ± 1.5 vs. 99 ± 0.7, p < 0.05),

at 10 min (96.1 ± 1.3 vs. 98.9 ± 0.6, p < 0.05), at 15 min (96.7 ± 1.5 vs.

99.1 ± 0.5, p < 0.05) and at 20 min (97 ± 1.3 vs. 99.1 ± 0.8, p < 0.05) of

the procedure (Figure 3B).

The consumption of butorphanol was lower in the DB group

than in the MB group (Figure 4, p < 0.05). Adverse effects were

presented in Table 4. Three patients in the DB group and five

patients in the MB group reported nausea and vomiting (p >
0.05). Respiratory depression occurred in four patients of the MB

group (p < 0.05). Hypotension happened more frequently in the

DB group (p = 0.01).

Discussion

From this study, we demonstrated that when combined with

butorphanol, dexmedetomidine was comparable with

midazolam in providing enough sedation and analgesia during

burn dressing changes. The benefit of dexmedetomidine lies in its

opioid-sparing effect.

The increase in catecholamine levels after burn injury

increases resting energy expenditures and myocardial

oxygen consumption (Williams and Herndon, 2017).

Wang et al. (2019) reported that dexmedetomidine

infusion attenuated perioperative stress by inhibiting the

secretion of epinephrine and norepinephrine. From the

above findings, we speculated that dexmedetomidine can

alleviate the hypermetabolic response after burn injury.

Dexmedetomidine has a mechanism of action similar to

clonidine, but its affinity for the α2 receptor is eight times

greater (Canpolat et al., 2012). Hypotension and bradycardia

caused by dexmedetomidine were obvious in the previous

study (Fonseca et al., 2021); these effects are also dose-

dependent. Poorzamany Nejat Kermany et al. (2016)

reported that dexmedetomidine provides sufficient

analgesia at a bolus dose of 0.5 μg kg−1, and its

hemodynamic side effects can be alleviated in this

approach. Lee et al. (2015) found that a single dose of

dexmedetomidine given before induction of anesthesia still

FIGURE 2
MBP and HR values of the two groups. Abbreviation: DB,
dexmedetomidine- butorphanol; MB, midazolam-butorphanol;
T0: baseline, T1: beginning, T2: 5 min, T3: 10 min, T4: 15 min, T5:
20 min. *p < 0.05 compared with the MB group.

FIGURE 3
RR and SPO2 values of the two groups. Abbreviation: DB,
dexmedetomidine- butorphanol; MB, midazolam-butorphanol;
T0: baseline, T1: beginning, T2: 5 min, T3: 10 min, T4: 15 min, T5:
20 min. *p < 0.05 compared with the DB group.
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works well. Dexmedetomidine has a half-life of 2 h, and its

peak effect can be reached within 10 min. Because most of

our procedures finished in less than 30 min,

dexmedetomidine was given in a bolus dose of 0.5 μg kg−1

in the present study, and the maintenance infusion was not

needed. From our results, hypotension and bradycardia can

still be observed but rarely need medical intervention. We

demonstrated that a low dose of dexmedetomidine in the

combination of butorphanol can be safely used during burn

dressing change, and this combination usage can alleviate the

hypermetabolic response after burn injury.

Dexmedetomidine was reported by Zhang et al. (2022) for its

low respiratory depression. In our study, this phenomenon was

also observed. It can be explained that dexmedetomidine acts

primarily on the locus ceruleus of the pons (Nishizawa et al.,

2015). The arousable sedation induced by dexmedetomidine is

preferred during burn dressing changes. Since most of the burn

patients are non-ventilated, safety is more guaranteed by this

property. Inconsistent with the previous study (Cho et al. 2014),

respiratory depression was more obvious in the MB group. It can

be explained that midazolam produces its effects through the

Gamma-aminobutyric acid receptors in the brain (Pasin et al.,

2015). We, therefore, recommend the combined use of

midazolam with butorphanol in critically ill burn patients

undergoing mechanical ventilation.

Butorphanol is a synthetic opioid with strong κ-receptor
agonist activity. It has both spinal analgesia and sedative

functions. Common adverse effects of butorphanol are

nausea and vomiting, which are dose-dependent. To

reduce the side effects of opioids, the use of opioids in

combination with non-opioids is recommended

(Lavrentieva et al., 2017). The opioid-sparing effect of

dexmedetomidine has been reported by previous studies

(Jones et al., 2014). Contrary to dexmedetomidine, during

burn dressing changes, the opioid-sparing effect of

midazolam was not obvious (Bidwell et al., 2013). There is

a concern of over sedation caused by the combination use of

dexmedetomidine and butorphanol. In our study,

oversedation was not observed. This may partly be

attributed to the low dose of dexmedetomidine we

administrated. However, care should be taken when a

higher dose of dexmedetomidine was administrated.

In the study of Gencer and Sezen (2021), 1 μg kg−1

dexmedetomidine or 0.03 mg/kg midazolam was

administered before the dressing change procedure.

Hemodynamic depression was observed in the

dexmedetomidine group and respiratory depression was

observed in the midazolam group. In our study,

dexmedetomidine was administered at a lower dose, so the

hemodynamic depression was alleviated. Different from their

study, we performed no debridement in the procedure so that

the pain was relieved. Fagin et al. (2012) reported that

dexmedetomidine provides more effective sedation for

pediatric burn patients when compared with midazolam.

They found that patients administered with

dexmedetomidine need less mechanical ventilation than with

midazolam. We have known that like midazolam,

dexmedetomidine has moderately slow pharmacokinetics

(Barends et al., 2017). Elkalla and El Mourad (2020)

reported that dexmedetomidine was associated with a longer

recovery period when compared with a combination of

midazolam and fentanyl. The difference in recovery time was

not observed between these two groups in our study. We

assume that this was attributed to the bolus dose of

dexmedetomidine we administered.

Of note, there were limitations in our study. First, we only

compared the differences between these two regimens in adult

burn patients; their differences between pediatric burn patients

were not revealed. Second, a low dose of dexmedetomidine was

compared with midazolam in this study. A high dose of

dexmedetomidine versus midazolam when combined with

butorphanol needs further research. Third, tolerances of

butorphanol were not compared between these two groups

due to the design of this study. Further study should be

carried out to clarify this difference.

Conclusion

We found that when combined with butorphanol, both

dexmedetomidine and midazolam can provide enough sedation

and analgesia for burn dressing changes. Dexmedetomidine has

more hemodynamic disturbance than midazolam, but it has less

FIGURE 4
Butorphanol consumption of these two groups.
Abbreviation: DB, dexmedetomidine- butorphanol; MB,
midazolam-butorphanol. *p < 0.05 compared with the MB group.
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respiratory depression than midazolam. The advantage of

dexmedetomidine lies in its opioid-sparing effect.

Data availability statement

The raw data supporting the conclusion of this article will be

made available by the authors, without undue reservation.

Ethics statement

The studies involving human participants were reviewed and

approved by the ethic committee of the Affiliated Hospital of

Jiangsu University. The patients/participants provided their

written informed consent to participate in this study.

Author contributions

XD, HC, and ZY conceived of this study. XD, HC, PM, XC,

YS, and MQ performed the experiments. XD, XC, and YS

analyzed the results and wrote the manuscript. All of the

authors reviewed the manuscript.

Funding

The work was supported by grants from the Jiangsu

Province Natural Science Research Project of Higher

Education (20KJB360006), and the Jiangsu Traditional

Chinese Medicine Science and Technology Development

Program (QN202010).

Conflict of interest

The authors declare that the research was conducted in the

absence of any commercial or financial relationships that could

be construed as a potential conflict of interest.

Publisher’s note

All claims expressed in this article are solely those of the

authors and do not necessarily represent those of their affiliated

organizations, or those of the publisher, the editors and the

reviewers. Any product that may be evaluated in this article, or

claim that may be made by its manufacturer, is not guaranteed or

endorsed by the publisher.

References

Asmussen, S., Maybauer, D. M., Fraser, J. F., Jennings, K., George, S., and
Maybauer, M. O. (2013). A meta-analysis of analgesic and sedative effects of
dexmedetomidine in burn patients. Burns 39 (4), 625–631. doi:10.1016/j.burns.
2013.01.008

Barends, C. R., Absalom, A., van Minnen, B., Vissink, A., and Visser, A. (2017).
Dexmedetomidine versus midazolam in procedural sedation. A systematic review of
efficacy and safety. PLoS One 12 (1), e0169525. doi:10.1371/journal.pone.0169525

Bidwell, K. L., Miller, S. F., Coffey, R., Calvitti, K., Porter, K., and Murphy,
C. V. (2013). Evaluation of the safety and efficacy of a nursing-driven
midazolam protocol for the management of procedural pain associated
with burn injuries. J. Burn Care Res. 34 (1), 176–182. doi:10.1097/BCR.
0b013e31826fc611

Canpolat, D. G., Esmaoglu, A., Tosun, Z., Akn, A., Boyaci, A., and Coruh, A.
(2012). Ketamine-propofol vs ketamine-dexmedetomidine combinations in
pediatric patients undergoing burn dressing changes. J. Burn Care Res. 33 (6),
718–722. doi:10.1097/BCR.0b013e3182504316

Cho, J. S., Shim, J. K., Na, S., Park, I., and Kwak, Y. L. (2014). Improved sedation
with dexmedetomidine-remifentanil compared with midazolam-remifentanil
during catheter ablation of atrial fibrillation: A randomized, controlled trial.
Europace 16 (7), 1000–1006. doi:10.1093/europace/eut365

Conway, A., Rolley, J., and Sutherland, J. R. (2016). Midazolam for sedation
before procedures. Cochrane Database Syst. Rev. 2016 (5), Cd009491. doi:10.1002/
14651858.CD009491.pub2

Elkalla, R. S., and El Mourad, M. B. (2020). Respiratory and hemodynamic effects
of three different sedative regimens for drug induced sleep endoscopy in sleep apnea
patients. A prospective randomized study. Minerva Anestesiol. 86 (2), 132–140.
doi:10.23736/s0375-9393.19.13875-8

Fagin, A., Palmieri, T., Greenhalgh, D., and Sen, S. (2012). A comparison of
dexmedetomidine and midazolam for sedation in severe pediatric burn injury.
J. Burn Care Res. 33 (6), 759–763. doi:10.1097/BCR.0b013e318254d48e

Fonseca, F. J., Ferreira, L., Rouxinol-Dias, A. L., and Mourão, J. (2021). Effects of
dexmedetomidine in non-operating room anesthesia in adults: A systematic review
with meta-analysis. Braz. J. Anesthesiol. S0104-0014 (21), 00420–00426. doi:10.
1016/j.bjane.2021.12.002

Gencer, M., and Sezen, O. (2021). A study comparing the effect of premedication
with intravenous midazolam or dexmedetomidine on ketamine-fentanyl
sedoanalgesia in burn patients: A randomized clinical trial. Burns. 47 (1),
101–109. doi:10.1016/j.burns.2020.05.027

Griggs, C., Goverman, J., Bittner, E. A., and Levi, B. (2017). Sedation and pain
management in burn patients. Clin. Plast. Surg. 44 (3), 535–540. doi:10.1016/j.cps.
2017.02.026

James, D. L., and Jowza, M. (2017). Principles of burn pain management. Clin.
Plast. Surg. 44 (4), 737–747. doi:10.1016/j.cps.2017.05.005

Jiang, M., Sun, Q., Liu, G., Qu, H., andMa, J. (2019). Efficacy of dexmedetomidine
in reducing post-operative pain and improving the quality of recovery in patients
with burn wounds undergoing tangential excision skin grafting. Exp. Ther. Med. 17
(3), 1776–1782. doi:10.3892/etm.2019.7155

Jones, J. S., Cotugno, R. E., Singhal, N. R., Soares, N., Semenova, J., Nebar, S., et al.
(2014). Evaluation of dexmedetomidine and postoperative pain management in
patients with adolescent idiopathic scoliosis: Conclusions based on a retrospective
study at a tertiary pediatric hospital. Pediatr. Crit. Care Med. 15 (6), e247–252.
doi:10.1097/pcc.0000000000000119

Khalil, M., Al-Agaty, A., Asaad, O., Mahmoud, M., Omar, A. S., Abdelrazik, A.,
et al. (2016). A comparative study between propofol and dexmedetomidine as
sedative agents during performing transcatheter aortic valve implantation. J. Clin.
Anesth. 32, 242–247. doi:10.1016/j.jclinane.2016.03.014

Lavrentieva, A., Depetris, N., and Rodini, I. (2017). Analgesia, sedation and
arousal status in burn patients: The gap between recommendations and current
practices. Ann. Burns Fire Disasters 30 (2), 135–142.

Lee, M. H., Ko, J. H., Kim, E. M., Cheung, M. H., Choi, Y. R., and Choi, E. M.
(2014). The effects of intravenous dexmedetomidine on spinal anesthesia:
Comparision of different dose of dexmedetomidine. Korean J. Anesthesiol. 67
(4), 252–257. doi:10.4097/kjae.2014.67.4.252

Liu, X., Li, Y., Kang, L., andWang, Q. (2021). Recent advances in the clinical value
and potential of dexmedetomidine. J. Inflamm. Res. 14, 7507–7527. doi:10.2147/jir.
S346089

Morgan, M., Deuis, J. R., Frøsig-Jørgensen, M., Lewis, R. J., Cabot, P. J., Gray, P.
D., et al. (2018). Burn pain: A systematic and critical review of epidemiology,

Frontiers in Pharmacology frontiersin.org08

Ding et al. 10.3389/fphar.2022.965441

https://doi.org/10.1016/j.burns.2013.01.008
https://doi.org/10.1016/j.burns.2013.01.008
https://doi.org/10.1371/journal.pone.0169525
https://doi.org/10.1097/BCR.0b013e31826fc611
https://doi.org/10.1097/BCR.0b013e31826fc611
https://doi.org/10.1097/BCR.0b013e3182504316
https://doi.org/10.1093/europace/eut365
https://doi.org/10.1002/14651858.CD009491.pub2
https://doi.org/10.1002/14651858.CD009491.pub2
https://doi.org/10.23736/s0375-9393.19.13875-8
https://doi.org/10.1097/BCR.0b013e318254d48e
https://doi.org/10.1016/j.bjane.2021.12.002
https://doi.org/10.1016/j.bjane.2021.12.002
https://doi.org/10.1016/j.burns.2020.05.027
https://doi.org/10.1016/j.cps.2017.02.026
https://doi.org/10.1016/j.cps.2017.02.026
https://doi.org/10.1016/j.cps.2017.05.005
https://doi.org/10.3892/etm.2019.7155
https://doi.org/10.1097/pcc.0000000000000119
https://doi.org/10.1016/j.jclinane.2016.03.014
https://doi.org/10.4097/kjae.2014.67.4.252
https://doi.org/10.2147/jir.S346089
https://doi.org/10.2147/jir.S346089
https://www.frontiersin.org/journals/pharmacology
https://www.frontiersin.org
https://doi.org/10.3389/fphar.2022.965441


pathophysiology, and treatment. Pain Med. 19 (4), 708–734. doi:10.1093/pm/
pnx228

Nishizawa, T., Suzuki, H., Sagara, S., Kanai, T., and Yahagi, N. (2015).
Dexmedetomidine versus midazolam for gastrointestinal endoscopy: A meta-
analysis. Dig. Endosc. 27 (1), 8–15. doi:10.1111/den.12399

Pasin, L., Febres, D., Testa, V., Frati, E., Borghi, G., Landoni, G., et al. (2015).
Dexmedetomidine vs midazolam as preanesthetic medication in children: A meta-
analysis of randomized controlled trials. Paediatr. Anaesth. 25 (5), 468–476. doi:10.
1111/pan.12587

Poorzamany Nejat Kermany, M., Dahi, M., Yamini Sharif, R., and Radpay, B.
(2016). Comparison of the effects of dexmedetomidine and remifentanil on
cognition state after cataract surgery. Anesth. Pain Med. 6 (3), e33448. doi:10.
5812/aapm.33448

Retrouvey, H., and Shahrokhi, S. (2015). Pain and the thermally injured patient-a
review of current therapies. J. Burn Care Res. 36 (2), 315–323. doi:10.1097/bcr.
0000000000000073

Su, X., Meng, Z. T., Wu, X. H., Cui, F., Li, H. L., Wang, D. X., et al. (2016).
Dexmedetomidine for prevention of delirium in elderly patients after non-cardiac

surgery: A randomised, double-blind, placebo-controlled trial. Lancet 388 (10054),
1893–1902. doi:10.1016/s0140-6736(16)30580-3

Wang, K., Wu, M., Xu, J., Wu, C., Zhang, B., Wang, G., et al. (2019). Effects of
dexmedetomidine on perioperative stress, inflammation, and immune function:
Systematic review and meta-analysis. Br. J. Anaesth. 123 (6), 777–794. doi:10.1016/j.
bja.2019.07.027

Wibbenmeyer, L., Eid, A., Kluesner, K., Heard, J., Zimmerman, B., Kealey,
G. P., et al. (2015). An evaluation of factors related to postoperative pain
control in burn patients. J. Burn Care Res. 36 (5), 580–586. doi:10.1097/bcr.
0000000000000199

Williams, F. N., and Herndon, D. N. (2017). Metabolic and endocrine
considerations after burn injury. Clin. Plast. Surg. 44 (3), 541–553. doi:10.1016/j.
cps.2017.02.013

Zhang, X., Zhao, W., Sun, C., Huang, Z., Zhan, L., Xiao, C., et al. (2022). Effect of
dexmedetomidine administration on analgesic, respiration and inflammatory
responses in patients undergoing percutaneous endoscopic lumbar discectomy:
A prospective observational study. BMC Anesthesiol. 22 (1), 152. doi:10.1186/
s12871-022-01691-9

Frontiers in Pharmacology frontiersin.org09

Ding et al. 10.3389/fphar.2022.965441

https://doi.org/10.1093/pm/pnx228
https://doi.org/10.1093/pm/pnx228
https://doi.org/10.1111/den.12399
https://doi.org/10.1111/pan.12587
https://doi.org/10.1111/pan.12587
https://doi.org/10.5812/aapm.33448
https://doi.org/10.5812/aapm.33448
https://doi.org/10.1097/bcr.0000000000000073
https://doi.org/10.1097/bcr.0000000000000073
https://doi.org/10.1016/s0140-6736(16)30580-3
https://doi.org/10.1016/j.bja.2019.07.027
https://doi.org/10.1016/j.bja.2019.07.027
https://doi.org/10.1097/bcr.0000000000000199
https://doi.org/10.1097/bcr.0000000000000199
https://doi.org/10.1016/j.cps.2017.02.013
https://doi.org/10.1016/j.cps.2017.02.013
https://doi.org/10.1186/s12871-022-01691-9
https://doi.org/10.1186/s12871-022-01691-9
https://www.frontiersin.org/journals/pharmacology
https://www.frontiersin.org
https://doi.org/10.3389/fphar.2022.965441

	Efficacy of dexmedetomidine versus midazolam when combined with butorphanol for sedation and analgesia during burn dressing ...
	Introduction
	Materials and methods
	Study population
	Study procedure
	Sample size calculation
	Statistical analysis

	Results
	Discussion
	Conclusion
	Data availability statement
	Ethics statement
	Author contributions
	Funding
	Conflict of interest
	Publisher’s note
	References


