
Korean J Anesthesiol 2024;77(1):139-155
https://doi.org/10.4097/kja.22730
pISSN 2005–6419 • eISSN 2005–7563

Background: Data on the efficacy and incidence of adverse effects associated with dexme-
detomidine (DEX) as a local anesthetic adjuvant for patient-controlled epidural analgesia 
(PCEA) are inconclusive. This meta-analysis assessed the efficacy and risks of DEX for 
PCEA using opioids as a reference. 
Methods: Two researchers independently searched PubMed, Embase, Cochrane Library, 
and China Biology Medicine for randomized controlled trials comparing DEX and opioids 
as local anesthetic adjuvants in PCEA. 
Results: In total, 636 patients from seven studies were included in this meta-analysis. Post-
operative patients who received DEX had lower visual analog scale (VAS) scores than 
those who received opioids at 4–8 h (mean difference [MD]: 0.61, 95% CI [0.45, 0.76], P < 
0.001, I2 = 0%), 12 h (MD: 0.85, 95% CI [0.61, 1.09], P < 0.001, I2 = 0%), 24 h (MD: 0.59, 
95% CI [0.06, 1.12], P = 0.030, I2 = 82%), and 48 h (MD: 0.54, 95% CI [0.05, 1.02], P = 
0.030, I2 = 91%). Additionally, patients who received DEX had a lower incidence of itching 
(odds ratio [OR]: 2.86, 95% CI [1.18, 6.95], P = 0.020, I2 = 0%) and nausea and vomiting 
(OR: 6.83, 95% CI [3.63, 12.84], P < 0.001, I2 = 24%). In labor analgesia, no significant dif-
ferences in neonatal (pH and PaO2 of cord blood, fetal heart rate) or maternal outcomes 
(duration of labor stage, mode of delivery) were found between the DEX and opioid 
groups. 
Conclusions: Compared with opioids, using DEX as a local anesthetic adjuvant in PCEA 
improved postoperative analgesia and reduced the incidence of itching and nausea and 
vomiting without increasing the incidence of adverse events. 
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Introduction 

Epidural analgesia is a widely practiced analgesic technique commonly used for post-
operative analgesia, labor analgesia, and treatment of pain in the late stage of cancer, and 
has been demonstrated to improve postoperative outcomes and attenuate the physiologi-
cal response to surgery [1–6]. Patient-controlled epidural analgesia (PCEA) is a common 
form of epidural analgesia that provides better analgesia, improves patient satisfaction, 
and reduces clinician workload compared to continuous infusion and intermittent bolus 
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techniques [7]. Opioids are often used as adjuvants in combina-
tion with local anesthetics for epidural analgesia as this provides 
significant synergistic effects [8]. The combined application pro-
longs the duration of analgesia, reduces the concentration and 
dosage of local anesthetics, and increases patient satisfaction [9]. 
However, the combined use of opioids and local anesthetics in-
creases the incidence of side effects such as itching, urinary reten-
tion, nausea and vomiting, and respiratory depression [10–12]. 
Therefore, the need for a more ideal adjuvant for local anesthesia, 
with better analgesic effects but fewer adverse effects, is growing. 
In recent years, several studies on the use of dexmedetomidine 
(DEX) as an adjuvant to local anesthetics for intravertebral anes-
thesia and analgesia have provided encouraging results. 

DEX is a highly selective Alpha-2 receptor agonist with a vari-
ety of pharmacological effects including sedation, analgesia, and 
anti-sympathetic effects [13,14]. Several meta-analyses have 
demonstrated that the administration of DEX as an adjuvant in 
epidural anesthesia is well tolerated, acts synergistically, and pro-
vides an improved sedation and analgesic profile [15–18]. Nota-
bly, some studies have also shown that administering DEX as a lo-
cal anesthetic adjuvant in spinal anesthesia [19] and epidural an-
esthesia [20,21] not only prolongs the duration of anesthesia and 
improves postoperative analgesia, but also reduces the incidence 
of itching compared with opioids. However, in the abovemen-
tioned studies, the administration of DEX was typically as a single 
dose with a short duration of action. However, when administer-
ing continuous infusions of DEX through the PCEA over a pro-
longed period, careful consideration of the efficacy of the cumula-
tive dose and possible adverse effects is essential. 

Unfortunately, our current understanding of the adverse effects 
and efficacy of DEX administered to patients in PCEA is limited. 
In several randomized controlled trials (RCTs), DEX has been 
compared with opioids as adjuncts to local anesthetics for PCEA; 
however, the results have been inconsistent and even contradicto-
ry. Therefore, a meta-analysis is needed to evaluate the adverse ef-
fects and efficacy of DEX versus opioids as adjuvants in PCEA to 
provide insights into clinical analgesic practices. 

Materials and Methods 

The protocol for this meta-analysis was registered in the Inter-
national Prospective Register of Systematic Reviews (PROSPERO) 
under the registration number CRD42022307670 on March 10, 
2022. This study was performed in accordance with the Preferred 
Reporting Items for Systematic Reviews and Meta-Analyses 
(PRISMA) standards [22]. 

Search strategy 

Two independent researchers (YFG and ZXC) searched 
PubMed, Embase, the Cochrane Library, and China Biology Med-
icine (CBM) for RCTs evaluating DEX as a local anesthetic adju-
vant for PCEA from inception until January 10, 2022. The MeSH 
terms and free texts were used for study retrieval (Supplementary 
Marterial 1 for the retrieval strategy). The following terms were 
combined and used for the literature search: “dexmedetomidine,” 
“epidural space,” “analgesia, epidural,” “injections, epidural,” and 
“randomized controlled trial.” Furthermore, a manual search of 
the references of the included RCTs and systematic reviews in re-
lated fields was performed.  

Eligibility criteria  

The eligibility criteria were based on the PICOS framework 
(participants, intervention, comparison, outcome, and study de-
sign) as follows: P: patients receiving PCEA (including postopera-
tive and labor analgesia); I: use of DEX as an adjuvant to local an-
esthetics in PCEA; C: use of opioids as an adjuvant to local anes-
thetics in PCEA; O: visual analogue scale (VAS) scores and inci-
dence of adverse effects as the primary outcomes and the number 
of PCEA bolus doses, total PCEA consumption, Ramsay sedation 
scale (RSS) scores, and neonatal and maternal outcomes (in labor 
analgesia) as secondary outcomes; and S: only RCTs were includ-
ed. Our meta-analysis was divided into two groups for the quali-
tative synthesis: the DEX group and the opioid group (including 
but not limited to morphine, fentanyl, sufentanil, and hydromor-
phone). 

Studies with any of the following characteristics were excluded: 
(1) a single-dose injection of DEX, (2) serious flaws in the study 
design, (3) incomplete and duplicate publications, (4) unretriev-
able or unconvertable data; and (5) not written in either English 
or Chinese. 

Data extraction 

Two evaluators (YFG and YH) independently screened the lit-
erature and extracted and cross-checked the data. In cases of dis-
agreement, a third party (SJS) was consulted. During literature 
screening, the title and abstract were read first. After excluding ir-
relevant studies, the full texts of the remaining studies were read. 
Data extraction mainly included relevant information concerning 
the predefined primary outcomes (i.e., VAS scores and incidence 
of adverse effects) and secondary outcomes (i.e., RSS scores, num-
ber of PCEA bolus doses, PCEA consumption, and neonatal and 
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maternal outcomes in labor analgesia). When necessary, the data 
were extracted from graphs or figures. To obtain further informa-
tion or answers to queries concerning the data, we contacted the 
authors of the studies listed. When the units used for the outcome 
indicators differed across the included studies, we converted them 
to the same units; for example, we consistently converted hours to 
minutes. 

Assessment of risk of bias 

Two evaluators (YFG and SJS) assessed the risk of bias in the 
included studies using the Cochrane Handbook version 5.0.2. For 
each included RCT, the adequacy of sequence generation, con-
cealment of allocation, blind design, incomplete outcome data, 
selective reporting, and other risks of bias were assessed. Each 
item was classified as having “low deviation risk,” “high deviation 
risk,” or “unclear deviation risk.” Any discrepancies were resolved 
through discussion, and if necessary, a third researcher (DY) was 
consulted to resolve disagreements. 

Quality of evidence 

Two evaluators (ZXC and SJS) used the Grading of Recommen-
dations, Assessment, Development, and Evaluation (GRADE) ap-
proach to evaluate the quality of evidence. The evidence was rated 
as high, moderate, low, or very low according to the risk of bias, 
inconsistency, indirectness, imprecision, and publication bias. 
Disagreements were resolved through discussion or by referring 
to a third evaluator (DY). 

Statistical analysis 

The meta-analysis was performed using the RevMan 5.4 soft-
ware (Nordic Cochrane Center). The binary outcomes are ex-
pressed using odds ratios (ORs) with 95% CIs and continuous 
outcomes are expressed as mean differences (MDs) or standard-
ized mean differences (SMDs) with 95% CIs. The I2 test was used 
to examine the heterogeneity of the pooled results. When no sta-
tistical heterogeneity was present among the RCTs (I2 <  50%), a 
fixed-effects model was used to combine effect sizes. If statistical 
heterogeneity was present among the results (I2 ≥  50%), further 
sensitivity analyses and subgroup analyses were performed to 
evaluate the robustness of the synthesized results and to deter-
mine the source of heterogeneity. If heterogeneity could not be 
ruled out, a random effects model was used for the meta-analysis. 
The planned subgroup analysis assessed the use of PCEA for labor 
or postoperative analgesia. For the data expressed using the medi-

an and range, we obtained the corresponding means and standard 
deviations (SDs) using an online calculator (http://www.math.
hkbu.edu.hk/~tongt/papers/median2mean.html, last accessed on 
June 26, 2022) [23,24]. For data that were provided only as histo-
grams, we obtained the specific means and SDs using a webplot 
digitizer (https://apps.automeris.io/wpd/index.zh_CN.html, last 
accessed on June 26, 2022). 

As the observation indicators in the included studies were not 
completely consistent and the data results required to integrate 
the indicators were not included in some studies, the primary and 
secondary outcome results of our meta-analysis were integrated 
only for studies that contained data on the corresponding indica-
tors. A brief description of some of the related indicators that were 
reported in the included studies but could not be integrated owing 
to insufficient data is provided in the Results section. A table 
combined with different custom symbols was used to visually dis-
play the effects of DEX versus opioids in PCEA based on the re-
sults of our meta-analysis. 

Results 

Characteristics of eligible studies and risk of bias 

A flowchart of the study selection is shown in Fig. 1. A total of 
636 patients were included in the seven RCTs selected for this 
study [25–31], including 320 and 316 patients treated with DEX 
and opioids, respectively. The basic characteristics and interven-
tions are summarized in Table 1. Three studies [25,26,30] were 
conducted on patients receiving labor analgesia, and the remain-
ing studies [27–29,31] were conducted on patients receiving post-
operative analgesia in surgical settings. The surgical procedures 
included cesarean sections [28], lumbar spine surgery [31], elec-
tive lung lobectomy [27], and colonic resections [29]. The risk of 
bias assessments are shown in Fig. 2. The quality of the meta-evi-
dence on the efficacy and adverse effects of DEX in PCEA was 
generally low (Table 2). 

Primary outcomes 

VAS scores for postoperative patients at various time points 
Four trials, which included 335 patients, reported postoperative 

VAS scores at various time points (0–4 h, 4–8 h, 24 h, and 48 h), 
whereas three trials, which included 268 patients, reported VAS 
scores 12 h after surgery (Fig. 3). Significant heterogeneity was 
observed among the studies in the pooled analysis in the 24 h (P 
<  0.001, I2 =  82%) and 48 h (P <  0.001, I2 =  91%) groups. Be-
sides the statistically insignificant results for the 0–4 h group (MD:  
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−0.13, 95% CI [−0.02, 0.27], P =  0.100), postoperative patients 
who received DEX reported lower VAS scores than those who re-
ceived opioids in the 4−8 h (MD: 0.61, 95% CI [0.45, 0.76], P <  
0.001), 12 h (MD: 0.85, 95% CI [0.61, 1.09], P <  0.001), 24 h 
(MD: 0.59, 95% CI [0.06, 1.12], P =  0.030), and 48 h (MD: 0.54, 
95% CI [0.05, 1.02], P =  0.030) groups. These results indicate that 
DEX can significantly prolong postoperative analgesia and reduce 
postoperative pain compared to opioids. 

Adverse effects 
In this section, we compare the incidence of adverse effects in 

postoperative patients, including hypotension, bradycardia, itch-
ing, urinary retention, nausea and vomiting, and shivering for 
DEX vs. opioids. Only one study [31] reported the incidence of 
dry mouth (DEX vs. fentanyl: 5/30 vs. 0/30).  

Hypotension: Eight trials, which included 636 patients, reported 
the incidence of hypotension after the administration of DEX or 
opioids. A total of 320 patients received DEX for postoperative 
analgesia and 316 received opioids. Heterogeneity among the 
studies was significant in the pooled analysis (P =  0.040, I2 =  
58%). The OR was 1.21 (95% CI [0.31, 4.81], P =  0.780), and the 
incidence of hypotension was comparable between the DEX and Fig. 1. Flowchart of study selection.

Table 1. Basic Features of Included Studies

Study (year) Patients Cases Epidural 
catheter

Intervention
Dose

Dexmedetomidine Opioids
Mo 2017 [28] Cesarean section 40/40 - DEX 1 µg/kg Morphine 5 mg Loading dose: 5 ml

+ 0.15% ropivacaine + 0.15% ropivacaine Background dose: 2 ml/h; 
bolus dose: 0.5 ml

Zeng 2016 [29] Colonic resection 34/33 T10-11 DEX 80 µg Morphine 4.5 mg Loading dose: 3 ml
+ 0.125% levobupiva-

caine
+ 0.125% levobupivacaine Background dose: 3 ml/h

Yan 2019 [27] Elective lung  
lobectomy

64/64 T5-6 DEX 0.5 µg/ml Sufentanil 0.5 µg/ml Loading dose: 4 ml
+ 0.1% ropivacaine + 0.1% ropivacaine Background dose: 4 ml/h; 

bolus dose: 4 ml
Prashanth 2021 

[31]
Spine surgeries 30/30 L2-3/L3-4 DEX 1 µg/kg Fentanyl 1 µg/kg Loading dose: 12 ml

+ 0.2% ropivacaine + 0.2% ropivacaine Background dose: 5 ml/h
Cheng 2019 part1 

[25]
Full-term preg-

nancy
40/40 L3-4 DEX 0.5 µg/ml Sufentanil 0.5 µg/ml Loading dose: 10 ml

+ 0.125% ropivacaine + 0.125% ropivacaine Background dose: 8 ml/h; 
bolus dose: 8 ml

Cheng 2019 part2 
[25]

Full-term preg-
nancy

40/40 L3-4 DEX 0.5 µg/ml Sufentanil 0.5 µg/ml Loading dose: 10 ml
+ 0.08% ropivacaine + 0.08% ropivacaine Background dose: 8 ml/h; 

bolus dose: 8 ml
Zhang 2019 [30] Full-term preg-

nancy
36/34 L2-3 DEX 0.5 µg/ml Sufentanil 0.5 µg/ml Loading dose: 10ml

+ 0.1% ropivacaine + 0.1% ropivacaine Background dose: 6 ml/h; 
bolus dose: 6 ml

Li 2020 [26] Full-term preg-
nancy

36/35 L2-3 DEX 0.5 µg/ml Ropivacaine 0.1% Loading dose: 10ml
+ 0.1% ropivacaine + 0.5 µg/ml sufentanil Background dose: 7 ml/h; 

bolus dose: 7 ml
DEX: dexmedetomidine.

Records identified through 
database (n = 860)

Records after duplicates 
removed (n = 789)

Records screened (n = 789)

Full-text articles assessed for 
eligilibity (n = 20)

Studies included in qualitative 
synthesis (meta-analysis) 

(n = 7)

Studies included in qualitative 
synthesis (n = 6)

One article obtained through 
reference (n = 1)

Records excluded by reading the 
title and abstract (n = 769)

Excluded (n = 14)
• Conference literature (n = 1) 
• Irrelevant intervention (n = 8) 
• Inappropriate controls (n = 5)
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Fig. 2. Risk of bias summary (A) and graph (B) of the included studies. None of the studies had a high risk of bias.

opioid groups for postoperative analgesia (Fig. 4A). 
Bradycardia: Eight trials, which included 636 patients, reported 

the incidence of bradycardia after the administration of DEX or 
opioids. A total of 320 patients received DEX for postoperative 
analgesia and 316 patients received opioids. Heterogeneity among 
the studies was significant in the pooled analysis (P =  0.030, I2 =  
63%). The OR was 0.35 (95% CI [0.05, 2.25], P =  0.270), and the 
incidence of bradycardia was similar between the DEX and opioid 
groups for postoperative analgesia (Fig. 4B). 

Itching: Seven trials, which included 576 patients, reported itch-
ing after the administration of DEX or opioids. A total of 290 pa-
tients received DEX for postoperative analgesia and 286 received 
opioids. Heterogeneity among the studies was not significant in 
the pooled analysis (P =  0.420, I2 =  0%). The OR was 2.86 (95% 
CI [1.18, 6.95], P =  0.020), and the incidence of itching was sig-
nificantly lower with DEX than with opioids for postoperative an-
algesia (Fig. 4C). 

Urinary retention: Three trials, which included 231 patients, re-
ported the incidence of urinary retention after the administration 
of DEX or opioids. A total of 116 patients received DEX for post-
operative analgesia and 115 received opioids. No significant het-
erogeneity was observed among the studies in the pooled analysis 
(P =  0.170, I2 =  43%). The OR was 2.02 (95% CI [0.87, 4.71], P =  
0.100), and the incidence of urinary retention was similar between 
the DEX and opioid groups for postoperative analgesia (Fig. 4D). 

Nausea and vomiting: Eight trials, which included 636 patients, 
reported the incidence of nausea and vomiting after the adminis-
tration of DEX or opioids. A total of 320 patients received DEX 
for postoperative analgesia and 316 received opioids. No signifi-
cant heterogeneity was observed among the studies in the pooled 
analysis (P =  0.240, I2 =  24%). The OR was 6.83 (95% CI [3.63, 
12.84], P <  0.001), and the incidence of nausea and vomiting was 
significantly lower with DEX compared to opioids for postopera-
tive analgesia (Fig. 4E). 

Random sequence generation (selection bias)

Allocation concealment (selection bias)

Blinding of participants and personnel (performance bias)

Blinding of outcome assessment (detection bias)

Incomplete outcome data (attrition bias)

Selective reporting (reporting bias)

Other bias

Random sequence generation (selection bias)

Allocation concealment (selection bias)

Blinding of participants and personnel (performance bias)
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Table 2. GRADE Evidence Result Summary

Outcomes Opioid group 
Mean (SD)

DEX group 
Mean (SD)

MD/OR 
(95% CI)

No. of 
participants 

(studies)

Quality of 
the evidence 
(GRADE)

Comments

VAS score at 
0–4 h

1.63 (1.29) 1.46 (1.10) MD 0.13 
[−0.02, 0.27]

335 (4 studies) ⊕⊕⊝⊝ 
Low

Most studies had at least one risk of bias domain 
rated as unclear; I2 of 43%; serious imprecision 
(<  400 sample size in total)

VAS score at 
4–8 h

2.89 (1.60) 2.36 (1.17) MD 0.61 
[0.45, 0.76]

335 (4 studies) ⊕⊕⊝⊝ 
Low

Most studies had at least one risk of bias domain 
rated as unclear; I2 of 0%; serious imprecision (<  
400 sample size in total)

VAS score at 
12 h

4.56 (1.60) 3.70 (1.19) MD 0.85 
[0.61, 1.09]

268 (3 studies) ⊕⊕⊝⊝ 
Low

Most studies had at least one risk of bias domain 
rated as unclear; I2 of 0%; serious imprecision (<  
400 sample size in total)

VAS score at 
24 h

3.67 (2.05) 2.99 (1.52) MD 0.59 
[0.06, 1.12]

335 (4 studies) ⊕⊝⊝⊝ 
Very low

Most studies had at least one risk of bias domain 
rated as unclear; I2 of 82%; serious imprecision 
(<  400 sample size in total)

VAS score at 
48 h

3.22 (1.97) 2.62 (1.61) MD 0.54 
[0.05, 1.02]

335 (4 studies) ⊕⊝⊝⊝ 
Very low

Most studies had at least one risk of bias domain 
rated as unclear; I2 of 91%; serious imprecision 
(<  400 sample size in total)

Hypotension 24/316 21/320 OR 1.21 
[0.31, 4.81]

636 (7 studies) ⊕⊝⊝⊝ 
Very low

Most studies had at least one risk of bias domain 
rated as unclear; I2 of 58%; very serious impreci-
sion (<  300 events in total, wide 95% CI encom-
passing appreciable benefit and harm)

Bradycardia 12/316 19/320 OR 0.35 
[0.05, 2.25]

636 (7 studies) ⊕⊝⊝⊝ 
Very low

Most studies had at least one risk of bias domain 
rated as unclear; I2 of 63%; very serious impreci-
sion (<  300 events in total, wide 95% CI encom-
passing appreciable benefit and harm)

Itching 18/286 7/290 OR 2.86 
[1.18, 6.95]

576 (6 studies) ⊕⊕⊝⊝ 
Low

Most studies had at least one risk of bias domain 
rated as unclear; I2 of 0%; serious imprecision (<  
300 events in total)

Urinary  
retention

17/115 9/116 OR 2.02 
[0.87, 4.71]

231 (2 studies) ⊕⊕⊕⊝ 
Moderate

I2 of 43%; serious imprecision (<  300 events in to-
tal)

Nausea and 
vomiting

78/316 26/320 OR 6.83 
[3.63, 12.84]

636 (7 studies) ⊕⊕⊝⊝ 
Low

Most studies had at least one risk of bias domain 
rated as unclear; I2 of 24%; serious imprecision 
(<  300 events in total)

Shivering 11/203 7/206 OR 1.57 
[0.63, 3.95]

409 (5 studies) ⊕⊝⊝⊝ 
Very low

Most studies had at least one risk of bias domain 
rated as unclear; I2 of 0%; very serious impreci-
sion (<  300 events in total, wide 95% CI encom-
passing no effect and harm)

RSS score at 
0−2 h

2.26 (0.73) 2.59 (0.71) MD −0.35 
[−0.58, −0.12]

268 (3 studies) ⊕⊝⊝⊝ 
Very low

Most studies had at least one risk of bias domain 
rated as unclear; I2 of 60%; serious imprecision 
(<  400 sample size in total)

RSS score at 
2−6 h

2.14 (0.63) 2.37 (0.60) MD −0.23 
[−0.46, −0.00]

268 (3 studies) ⊕⊝⊝⊝ 
Very low

Most studies had at least one risk of bias domain 
rated as unclear; I2 of 62%; serious imprecision 
(<  400 sample size in total)

RSS score at 
12 h

2.13 (1.28) 2.88 (1.67) MD −0.79 
[−0.91, −0.67]

268 (3 studies) ⊕⊕⊝⊝ 
Low

Most studies had at least one risk of bias domain 
rated as unclear; I2 of 0%; serious imprecision (<  
400 sample size in total)

RSS score at 
24 h

1.95 (0.86) 2.55 (0.70) MD −0.60 
[−0.96, −0.24]

268 (3 studies) ⊕⊝⊝⊝ 
Very low

Most studies had at least one risk of bias domain 
rated as unclear; I2 of 85%; serious imprecision 
(<  400 sample size in total)

RSS score at 
48 h

1.62 (0.83) 1.98 (0.76) MD −0.32 
[−0.66, 0.01]

268 (3 studies) ⊕⊝⊝⊝ 
Very low

Most studies had at least one risk of bias domain 
rated as unclear; I2 of 85%; serious imprecision 
(<  400 sample size in total)

SD: standard deviation, MD: mean deviation, OD: odds ratios, GRADE: grading of recommendations assessment, development and evaluation, 
VAS: visual analogue scale, RSS: Ramsay sedation scale.
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Fig. 3. Forest plot of VAS scores for postoperative patients at various time points. VAS scores at (A) 0–4 h, (B) 4–8 h, (C) 12 h, (D) 24 h, and (E) 48 h 
are shown. DEX: dexmedetomidine, SD: standard deviation, IV: inverse variance, VAS: visual analog scale.

Opioids DEX Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% CI

Prashanth 2021 [31] 1.8 0.17 30 1.2 0.18 30 28.2% 0.60 [0.51, 0.69]
Yan 2019 [27] 5.2 1.1 64 4.4 0.9 64 24.8% 0.80 [0.45, 1.15]
Zeng 2016 [29] 0.82 1.16 33 1.36 0.77 34 22.3% –0.54 [–1.01, –0.07]
Mo 2017 [28] 3.1 0.8 40 1.92 0.8 40 24.7% 1.18 [0.83, 1.53]

Total (95% CI) 167 168 100.0% 0.54 [0.05, 1.02]
Heterogeneity: Tau2 = 0.21; Chi2 = 34.06, df = 3 (P < 0.00001); I2 = 91%
Test for overall effect: Z = 2.18 (P = 0.03)

VAS score at 48 h
Mean Difference

IV, Random, 95% CI

EEFavours [Opioids] Favours [DEX] 

–0.5 0.5 10–1

Opioids DEX Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Fixed, 95% CI

Prashanth 2021 [31] 3.07 1.36 30 2.47 0.86 30 6.6% 0.60 [0.02, 1.18]
Yan 2019 [27] 2.24 0.47 64 2.1 0.61 64 61.6% 0.14 [–0.05, 0.33]
Zeng 2016 [29] 0 0 33 0 0 34 Not estimable
Mo 2017 [28] 0.91 0.6 40 0.91 0.6 40 31.7% 0.00 [–0.26, 0.26]

Total (95% CI) 167 168 100.0% 0.13 [–0.02, 0.27]
Heterogeneity: Chi2 = 3.51, df = 2 (P = 0.17); I2 = 43%
Test for overall effect: Z = 1.67 (P = 0.10)

VAS score at 0–4 h
Mean Difference
IV, Fixed, 95% CI

AAFavours [Opioids] Favours [DEX] 

–0.5 0.5 10–1

Opioids DEX Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Fixed, 95% CI

Prashanth 2021 [31] 3.07 1.36 30 2.27 0.69 30 8.2% 0.80 [0.25, 1.35]
Yan 2019 [27] 4.2 0.7 64 3.6 0.56 64 50.4% 0.60 [0.38, 0.82]
Zeng 2016 [29] 1 1.55 33 1 0 34 Not estimable
Mo 2017 [28] 2.2 0.6 40 1.62 0.5 40 41.5% 0.58 [0.34, 0.82]

Total (95% CI) 167 168 100.0% 0.61 [0.45, 0.76]
Heterogeneity: Chi2 = 0.53, df = 2 (P = 0.77); I2 = 0%
Test for overall effect: Z = 7.65 (P < 0.00001)

VAS score at 4–8 h
Mean Difference
IV, Fixed, 95% CI

BBFavours [Opioids] Favours [DEX] 

–0.5 0.5 10–1

Opioids DEX Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% CI

Prashanth 2021 [31] 2.4 1.1 30 1.6 0.96 30 23.8% 0.80 [0.28, 1.32]
Yan 2019 [27] 5.3 1.2 64 4.2 1.05 64 26.5% 1.10 [0.71, 1.49]
Zeng 2016 [29] 1 1.55 33 1.36 0.77 34 22.4% –0.36 [–0.95, 0.23]
Mo 2017 [28] 4.2 0.9 40 3.5 0.7 40 27.2% 0.70 [0.35, 1.05]

Total (95% CI) 167 168 100.0% 0.59 [0.06, 1.12]
Heterogeneity: Tau2 = 0.24; Chi2 = 16.62, df = 3 (P = 0.0008); I2 = 82%
Test for overall effect: Z = 2.19 (P = 0.03)

VAS score at 24 h
Mean Difference

IV, Random, 95% CI

DDFavours [Opioids] Favours [DEX] 

–2 2 40–4

Opioids DEX Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Fixed, 95% CI

Prashanth 2021 [31] 2.87 1.13 30 2.13 0.5 30 30.2% 0.74 [0.30, 1.18]
Yan 2019 [27] 5.4 1.3 64 4.5 0.95 64 38.0% 0.90 [0.51, 1.29]
Mo 2017 [28] 4.5 1.3 40 3.6 0.5 40 31.7% 0.90 [0.47, 1.33]

Total (95% CI) 134 134 100.0% 0.85 [0.61, 1.09]
Heterogeneity: Chi2 = 0.35, df = 2 (P = 0.84); I2 = 0%
Test for overall effect: Z = 6.86 (P < 0.00001)

VAS score at 12 h
Mean Difference
IV, Fixed, 95% CI

CCFavours [Opioids] Favours [DEX] 

–1 1 20–2
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Fig. 4. (Continued to the next page)

Opioids DEX Odds Ratio
Study or Subgroup Events Total Events Total Weight M–H, Random, 95% CI

Prashanth 2021 [31] 2 30 10 30 22.0% 0.14 [0.33, 0.72]
Li 2020 [26] 0 35 1 36 11.5% 0.33 [0.01, 8.46]
Yan 2019 [27] 1 64 1 64 13.7% 1.00 [0.06, 16.34]
Cheng 2019 part1 [25] 5 40 0 40 13.0% 12.55 [0.67, 235.00]
Cheng 2019 part2 [25] 4 40 0 40 12.9% 9.99 [0.52, 191.90]
Zhang 2019 [30] 0 34 0 36 Not estimable
Zeng 2016 [29] 12 33 9 34 26.8% 1.59 [0.56, 4.49]
Mo 2017 [28] 0 40 0 40 Not estimable

Total (95% CI) 316 320 100.0% 1.21 [0.31, 4.81]
Total events 24 21
Heterogeneity: Tau2 = 1.55; Chi2 = 11.92, df = 5 (P = 0.04); I2 = 58%
Test for overall effect: Z = 0.28 (P = 0.78)

Hypotension
Odds Ratio

M–H, Random, 95% CI

AAFavours [Opioids] Favours [DEX] 

0.001 0.1 1 10 1,000

Opioids DEX Odds Ratio
Study or Subgroup Events Total Events Total Weight M–H, Random, 95% CI

Prashanth 2021 [31] 0 30 6 30 18.4% 0.06 [0.00, 1.15]
Li 2020 [26] 0 35 1 36 16.7% 0.33 [0.01, 8.46]
Yan 2019 [27] 0 64 0 64 Not estimable
Cheng 2019 part1 [25] 0 40 5 40 18.3% 0.08 [0.00, 1.49]
Cheng 2019 part2 [25] 0 40 1 40 16.7% 0.33 [0.01, 8.22]
Zhang 2019 [30] 0 34 0 36 Not estimable
Zeng 2016 [29] 12 33 6 34 29.9% 2.67 [0.86, 8.27]
Mo 2017 [28] 0 40 0 40 Not estimable

Total (95% CI) 316 320 100.0% 0.35 [0.05, 2.25]
Total events 12 19
Heterogeneity: Tau2 = 2.69; Chi2 = 10.84, df = 4 (P = 0.03); I2 = 63%
Test for overall effect: Z = 1.11 (P = 0.27)

Bradycardia
Odds Ratio

M–H, Random, 95% CI

BBFavours [Opioids] Favours [DEX] 

0.001 0.1 1 10 1,000

Opioids DEX Odds Ratio
Study or Subgroup Events Total Events Total Weight M–H, Fixed, 95% CI

Li 2020 [26] 5 35 0 36 6.8% 13.16 [0.70, 247.69]
Yan 2019 [27] 0 64 0 64 Not estimable
Cheng 2019 part1 [25] 0 40 1 40 24.2% 0.33 [0.01, 8.22]
Cheng 2019 part2 [25] 0 40 0 40 Not estimable
Zhang 2019 [30] 1 34 0 36 7.6% 3.27 [0.13, 83.03]
Zeng 2016 [29] 12 33 6 34 61.4% 2.67 [0.86, 8.27]
Mo 2017 [28] 0 40 0 40 Not estimable

Total (95% CI) 286 290 100.0% 2.86 [1.18, 6.95]
Total events 18 7
Heterogeneity: Chi2 = 2.80, df = 3 (P = 0.42); I2 = 0%
Test for overall effect: Z = 2.32 (P = 0.2)

Itching
Odds Ratio

M–H, Fixed, 95% CI

CCFavours [Opioids] Favours [DEX] 

0.001 0.1 1 10 1,000

Opioids DEX Odds Ratio
Study or Subgroup Events Total Events Total Weight M–H, Fixed, 95% CI

Li 2020 [26] 2 35 2 36 23.6% 1.03 [0.14, 7.75]
Cheng 2019 part1 [25] 8 40 7 40 71.2% 1.18 [0.38, 3.63]
Cheng 2019 part2 [25] 7 40 0 40 5.2% 18.13 [1.00, 329.27]

Total (95% CI) 115 116 100.0% 2.02 [0.87, 4.71]
Total events 17 9
Heterogeneity: Chi2 = 3.52, df = 2 (P = 0.17); I2 = 43%
Test for overall effect: Z = 1.63 (P = 0.10)

Urinary Retention
Odds Ratio

M–H, Fixed, 95% CI

DDFavours [Opioids] Favours [DEX] 

0.001 0.1 1 10 1,000
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Fig. 4. (Continued from the previous page) Forest plot comparing adverse effects between the DEX and opioid groups. (A) Hypotension, (B) 
bradycardia, (C) itching, (D) urinary retention, (E) nausea and vomiting, and (F) shivering. DEX: dexmedetomidine, M-H: Mantel-Haenszel.

Opioids DEX Odds Ratio
Study or Subgroup Events Total Events Total Weight M–H, Fixed, 95% CI

Prashanth 2021 [31] 5 30 2 30 18.4% 2.80 [0.50, 15.73]
Li 2020 [26] 2 35 1 36 10.3% 2.12 [0.18, 24.51]
Yan 2019 [27] 3 64 1 64 10.5% 3.10 [0.31, 30.61]
Cheng 2019 part1 [25] 6 40 3 40 28.1% 2.18 [0.50, 9.39]
Cheng 2019 part2 [25] 5 40 0 40 4.8% 12.55 [0.67, 235.00]
Zhang 2019 [30] 3 34 1 36 9.8% 3.39 [0.33, 34.27]
Zeng 2016 [29] 33 33 15 34 2.5% 84.29 [4.7, 1488.06]
Mo 2017 [28] 21 40 3 40 15.7% 13.63 [3.60, 51.55]

Total (95% CI) 316 320 100.0% 6.83 [3.63, 12.84]
Total events 78 26
Heterogeneity: Chi2 = 9.21, df = 7 (P = 0.24); I2 = 24%
Test for overall effect: Z = 5.97 (P < 0.00001)

Nausea and Vomiting
Odds Ratio

M–H, Fixed, 95% CI

EEFavours [Opioids] Favours [DEX] 

0.001 0.1 1 10 1,000

Opioids DEX Odds Ratio
Study or Subgroup Events Total Events Total Weight M–H, Fixed, 95% CI

Prashanth 2021 [31] 2 30 0 30 6.2% 5.35 [0.25, 116.31]
Li 2020 [26] 2 35 3 36 37.9% 0.67 [0.10, 4.25]
Yan 2019 [27] 1 64 0 64 6.6% 3.05 [0.12, 76.21]
Zhang 2019 [30] 3 34 2 36 24.1% 1.65 [0.26, 10.51]
Mo 2017 [28] 3 40 2 40 25.1% 1.54 [0.24, 9.75]

Total (95% CI) 203 206 100.0% 1.57 [0.63, 3.95]
Total events 11 7
Heterogeneity: Chi2 = 1.60, df = 4 (P = 0.81); I2 = 0%
Test for overall effect: Z = 0.96 (P = 0.34)

Shivering
Odds Ratio

M–H, Fixed, 95% CI

FFFavours [Opioids] Favours [DEX] 

0.001 0.1 1 10 1,000

Shivering: Five trials, which included 409 patients, reported 
shivering after the administration of DEX or opioids. A total of 
206 patients received DEX for postoperative analgesia and 203 re-
ceived opioids. Heterogeneity among the studies was not signifi-
cant in the pooled analysis (P =  0.810, I2 =  0%). The OR was 1.57 
(95% CI [0.63, 3.95], P =  0.340), and the incidence of shivering 
was comparable between the DEX and opioid groups for postop-
erative analgesia (Fig. 4F). 

Secondary outcomes 

Number of PCEA bolus doses 
Two trials, which included 199 patients, reported the number 

of PCEA bolus doses administered after the administration of 
DEX or opioids. A total of 99 patients received opioids and 100 
received DEX. Heterogeneity among the studies was significant 
in the pooled analysis (P =  0.060, I2 =  73%). The MD was 3.40 
(95% CI [1.61, 5.19], P < 0.001), and the number of PCEA bolus 
doses was dramatically lower with DEX compared with opioids 
(Fig. 5A). 

Consumption of analgesics in PCEA 
Three trials, which included 269 patients, reported the con-

sumption of analgesics in PCEA after the administration of DEX 
or opioids. A total of 133 patients received opioids and 136 re-
ceived DEX. Heterogeneity among the studies was significant in 
the pooled analysis (P <  0.001, I2 =  93%). The MD was 14.85 
(95% CI [3.99, 25.71], P =  0.007), and the consumption of anal-
gesics in PCEA was significantly lower with DEX than with opi-
oids (Fig. 5B). 

RSS for postoperative patients at various time points 
Three trials, which included 268 postoperative patients, report-

ed RSS scores at various time points after surgery (0–2 h, 2–6 h, 
12 h, 24 h, and 48 h) (Fig. 6). Heterogeneity was observed among 
the studies in the pooled analysis of the 2–6 h (P =  0.070, I2 =  
62%), 24 h (P =  0.001, I2 =  85%), and 48 h (P =  0.001, I2 =  85%) 
groups. Statistically significant differences in the RSS scores were 
found between the postoperative patients who received opioids 
and those who received DEX in the 0−2 h (MD: −0.35, 95% CI 
[−0.58, −0.12], P =  0.003), 2−6 h (MD: −0.23, 95% CI [−0.46, 
−0.00], P =  0.050), 12 h (MD: −0.79, 95% CI [−0.91, −0.67], P <  
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Fig. 5. (A) Forest plot comparing the number of PCEA bolus doses and consumption of analgesics in PCEA between the DEX and opioid groups, 
(B) forest plot comparing the consumption of analgesics in PCEA between the DEX and opioid groups. DEX: dexmedetomidine, PCEA: patient-
controlled epidural analgesia, IV: inverse variance.

Opioids DEX Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% CI

Li 2020 [26] 2.8 0.92 35 0.1 0.31 36 63.0% 2.70 [2.38, 3.05]
Yan 2019 [27] 7.65 6.83 64 3.06 3.79 64 37.0% 4.59 [2.68, 6.50]

Total (95% CI) 99 100 100.0% 3.40 [1.61, 5.19]
Heterogeneity: Tau2 = 1.30; Chi2 = 3.64, df = 1 (P = 0.06); I2 = 73%
Test for overall effect: Z = 3.73 (P = 0.0002)

The number of PCEA bolus
Mean Difference

IV, Random, 95% CI

AAFavours [Opioids] Favours [DEX] 

–2 2 40–4

Opioids DEX Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% CI

Li 2020 [26] 65.44 5.64 35 42.6 6.44 36 35.4% 22.84 [20.03, 25.65]
Yan 2019 [27] 228.4 21.5 64 213.8 19.6 64 31.3% 14.60 [7.47, 21.73]
Zhang 2019 [30] 78.1 10.5 34 71.5 12.2 36 33.3% 6.60 [1.28, 11.92]

Total (95% CI) 133 136 100.0% 14.85 [3.99, 25.71]
Heterogeneity: Tau2 = 84.73; Chi2 = 29.43, df = 2 (P < 0.00001); I2 = 93%
Test for overall effect: Z = 2.68 (P = 0.007)

The consumption of analgesics in PCEA
Mean Difference

IV, Random, 95% CI

BB
Favours [Opioids] Favours [DEX] 

–25 25 500–50

0.001), and 24 h (MD: −0.60, 95% CI [−0.96,−0.24], P =  0.001) 
groups. In the 48 h group (MD: −0.32, 95% CI [−0.66, 0.01], P =  
0.060), no significant difference in the RSS scores were found be-
tween the postoperative patients who received DEX compared to 
those who received opioids. Overall, our results showed that pa-
tients treated with DEX in the early postoperative period had sig-
nificantly higher levels of sedation than those treated with opioids. 
However, no significant difference was found at 48 h postopera-
tively. 

Neonatal and maternal outcomes in labor analgesia 
Four trials, which included 301 patients, compared the effects 

of DEX vs. opioids on the duration of each labor stage for labor 
analgesia. Significant heterogeneity was observed among the stud-
ies in the pooled analysis for both labor stages (first labor stage, P 
<  0.001, I2 =  94%; second labor stage, P <  0.001, I2 =  98%). The 
duration of the first (MD: 22.48, 95% CI [−4.07, 49.04], P =  
0.100) and second (MD: −3.45, 95% Cl [−16.10, 9.21], P =  0.590) 
labor stages were similar between the groups, suggesting no sig-
nificant difference in the effect of DEX and opioids on the dura-
tion of the labor stages for labor analgesia (Figs. 7A and B). 

Four trials, which included 301 patients, reported the mode of 
delivery after the administration of DEX or opioids for labor anal-
gesia. A total of 156 patients received DEX for labor analgesia and 
155 received opioids. Heterogeneity among the studies was signif-
icant in the pooled analysis (P =  0.950, I2 =  0%). The OR was 

1.27 (95% CI [0.70, 2.31], P =  0.440), and the percentage of vagi-
nal deliveries was comparable between the DEX and opioid 
groups for labor analgesia (Fig. 7C). 

Four trials, which included 301 patients, reported the pH of 
cord blood after the administration of DEX or opioids for labor 
analgesia. A total of 152 patients received DEX and 149 received 
opioids for labor analgesia. Heterogeneity among the studies was 
not significant in the pooled analysis (P =  0.90, I2 =  0%). The 
MD was 0.00 (95% CI [−0.02, 0.02], P =  0.70), and the pH of 
neonatal blood was similar between the DEX and opioid groups 
for labor analgesia (Fig. 7D). 

Three trials, which included 230 patients, reported the PaO2 of 
cord blood. A total of 116 patients received DEX for labor analge-
sia and 114 received opioids. Significant heterogeneity was ob-
served among the studies in the pooled analysis (P <  0.001, I2 =  
99%). The MD was −1.92 (95% CI [−5.84, 1.99], P =  0.34), and 
the PaO2 of cord blood was similar between the DEX and opioid 
groups for labor analgesia (Fig. 7E). 

Three trials, which included 230 patients, reported the inci-
dence of fetal heart rate abnormalities after the administration of 
DEX or opioids for labor analgesia. A total of 116 patients re-
ceived DEX for labor analgesia and 114 received opioids. No sig-
nificant heterogeneity was observed among the studies in the 
pooled analysis (P =  0.59, I2 =  0%). The OR was 1.21 (95% CI 
[0.39, 3.70], P =  0.74) and the incidence of fetal heart rate abnor-
malities was similar between the DEX and opioid groups for labor 

https://doi.org/10.4097/kja.22730148

Gao et al. · Dexmedetomidine vs. opioids in PCEA

https://doi.org/10.4097/kja.22730


Fig. 6. Forest plot of RSS scores for postoperative patients at various time points. RSS scores at (A) 0–2 h, (B) 2–6 h, (C) 12 h, (D) 24 h, and (E) 48 h 
are shown. RSS: Ramsay sedation scale, DEX: dexmedetomidine, SD: standard deviation, IV: inverse variance.

Opioids DEX Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% CI

Prashanth 2021 [31] 1.33 0.47 30 1.96 0.76 30 26.8% –0.63 [–0.95, –0.31]
Yan 2019 [27] 2.61 0.5 64 2.82 0.58 64 40.8% –0.21 [–0.40, –0.02]
Mo 2017 [28] 2.4 0.6 40 2.7 0.6 40 32.3% –0.30 [–0.56, –0.04]

Total (95% CI) 134 134 100.0% –0.35 [–0.58, –0.12]
Heterogeneity: Tau2 = 0.02; Chi2 = 4.94, df = 2 (P = 0.08); I2 = 60%
Test for overall effect: Z = 3.01 (P = 0.003)

RSS score at 0–2 h
Mean Difference

IV, Random, 95% CI

AAFavours [Opioids] Favours [DEX] 

–1 1 20–2

Opioids DEX Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% CI

Prashanth 2021 [31] 2 0.58 30 2.4 0.67 30 26.7% –0.40 [–0.72, –0.08]
Yan 2019 [27] 1.91 0.51 64 2.22 0.59 64 39.5% –0.31 [–0.50, –0.12]
Mo 2017 [28] 2.6 0.6 40 2.6 0.5 40 33.9% 0.00 [–0.24, 0.24]

Total (95% CI) 134 134 100.0% –0.23 [–0.46, 0.00]
Heterogeneity: Tau2 = 0.03; Chi2 = 5.25, df = 2 (P = 0.07); I2 = 62%
Test for overall effect: Z = 1.96 (P = 0.05)

RSS score at 2–6 h
Mean Difference

IV, Random, 95% CI

BBFavours [Opioids] Favours [DEX] 

–0.5 0.5 10–1

Opioids DEX Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% CI

Prashanth 2021 [31] 2.2 0.48 30 3.03 0.55 30 33.0% –0.63 [–1.09, –0.57]
Yan 2019 [27] 1.31 0.23 64 2.1 0.46 64 38.1% –0.79 [–0.92, –0.66]
Mo 2017 [28] 2.8 0.9 40 2.9 0.7 40 28.8% –0.10 [–0.45, 0.25]

Total (95% CI) 134 134 100.0% –0.60 [–0.96, 0.24]
Heterogeneity: Tau2 = 0.08; Chi2 = 13.64, df = 2 (P = 0.001); I2 = 85%
Test for overall effect: Z = 3.30 (P = 0.0010)

RSS score at 24 h
Mean Difference

IV, Random, 95% CI

DDFavours [Opioids] Favours [DEX] 

–1 1 20–2

Opioids DEX Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Fixed, 95% CI

Prashanth 2021 [31] 2.13 0.57 30 2.96 0.55 30 17.1% –0.83 [–1.11, –0.55]
Yan 2019 [27] 1.22 0.25 64 2.02 0.49 64 75.6% –0.80 [–0.93, –0.67]
Mo 2017 [28] 3.6 1.3 40 4.2 0.5 40 7.4% –0.60 [–1.03, –0.17]

Total (95% CI) 134 134 100.0% –0.79 [–0.91, –0.67]
Heterogeneity: Chi2 = 0.84, df = 2 (P = 0.66); I2 = 0%
Test for overall effect: Z = 13.22 (P < 0.00001)

RSS score at 12 h
Mean Difference
IV, Fixed, 95% CI

CCFavours [Opioids] Favours [DEX] 

–1 1 20–2

Opioids DEX Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% CI

Prashanth 2021 [31] 1.2 0.4 30 1.4 0.49 30 34.1% –0.20 [–0.43, 0.03]
Yan 2019 [27] 1.2 0.31 64 1.8 0.45 64 37.9% –0.60 [–0.73, –0.47]
Mo 2017 [28] 2.6 0.8 40 2.7 0.8 40 28.0% –0.10 [–0.45, 0.25]

Total (95% CI) 134 134 100.0% –0.32 [–0.66, 0.01]
Heterogeneity: Tau2 = 0.07; Chi2 = 13.32, df = 2 (P = 0.001); I2 = 85%
Test for overall effect: Z = 1.90 (P = 0.06)

RSS score at 48 h
Mean Difference

IV, Random, 95% CI

EEFavours [Opioids] Favours [DEX] 

–1 1 20–2
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Fig. 7. (Continued to the next page)

Opioids DEX Odds Ratio
Study or Subgroup Events Total Events Total Weight M–H, Fixed, 95% CI

Li 2020 [26] 4 35 3 36 13.8% 1.42 [0.29, 6.86]

Cheng 2019 part1 [25] 9 40 9 40 36.7% 1.00 [0.35, 2.86]
Cheng 2019 part2 [25] 10 40 8 40 31.6% 1.33 [0.46, 3.83]
Zhang 2019 [30] 6 40 4 40 17.9% 1.59 [0.41, 6.12]

Total (95% CI) 155 156 100.0% 1.27 [0.70, 2.31]
Total events 29 24
Heterogeneity: Chi2 = 0.33, df = 3 (P = 0.95); I2 = 0%
Test for overall effect: Z = 0.78 (P = 0.44)

Mode of delivery
Odds Ratio

M–H, Fixed, 95% CI

CCFavours [Opioids] Favours [DEX] 

0.005 0.1 1 10 200

Opioids DEX Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% CI

Li 2020 [26] 30.59 7.67 35 52.54 6.49 36 25.1% –21.95 [–25.26, –18.67]

Cheng 2019 part1 [25] 52.2 11.4 40 49.2 4.2 40 25.0% 3.00 [–0.76, 6.76]
Cheng 2019 part2 [25] 51 10.8 40 47.4 10.8 40 24.7% 3.60 [–1.13, 8.33]
Zhang 2019 [30] 40.3 6.7 34 38.6 5.4 36 25.2% 1.70 [–1.16, 4.56]

Total (95% CI) 149 152 100.0% –3.45 [–16.10, 9.21]
Heterogeneity: Tau2 = 163.12; Chi2 = 151.32, df = 3 (P < 0.00001); I2 = 98%
Test for overall effect: Z = 0.53 (P = 0.59)

The duration of the second labor stage
Mean Difference

IV, Random, 95% CI

BBFavours [Opioids] Favours [DEX] 

–10–20 10 200

Opioids DEX Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% CI

Li 2020 [26] 396.11 14.56 35 347.93 10.15 36 27.3% 48.18 [42.33, 54.03]
Cheng 2019 part1 [25] 118.2 37.2 40 114 34.8 40 25.2% 4.20 [–11.59, 19.99]
Cheng 2019 part2 [25] 117 36 40 108.6 28.2 40 25.6% 8.40 [–5.77, 22.57]
Zhang 2019 [30] 406.5 58.2 34 378.5 52.6 36 21.9% 28.00 [1.96, 54.04]

Total (95% CI) 149 152 100.0% 22.48 [–4.07, 49.04]
Heterogeneity: Tau2 = 663.63; Chi2 = 46.56, df = 3 (P < 0.00001); I2 = 94%
Test for overall effect: Z = 1.66 (P = 0.10)

The duration of the first labor stage
Mean Difference

IV, Random, 95% CI

AAFavours [Opioids] Favours [DEX] 

–50 50 1000–100

Opioids DEX Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Fixed, 95% CI

Li 2020 [26] 7.21 0.08 35 7.21 0.02 36 54.9% 0.00 [–0.03, 0.03]

Cheng 2019 part1 [25] 6.28 0.61 40 6.34 0.35 40 0.9% –0.06 [–0.28, 0.16]
Cheng 2019 part2 [25] 6.2 0.59 40 6.19 0.57 40 0.6% 0.01 [–0.24, 0.26]
Zhang 2019 [30] 7.23 0.07 34 7.22 0.06 36 43.6% 0.01 [–0.02, 0.04]

Total (95% CI) 149 152 100.0% 0.00 [–0.02, 0.02]
Heterogeneity: Chi2 = 0.56, df = 3 (P = 0.90); I2 = 0%
Test for overall effect: Z = 0.38 (P = 0.70)

PH
Mean Difference
IV, Fixed, 95% CI

DDFavours [Opioids] Favours [DEX] 

–0.1 0.1 0.20–0.2

EE

Opioids DEX Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% CI

Cheng 2019 part1 [25] 19.59 0.21 40 20.17 0.25 40 33.9% –0.58 [–0.68, –0.48]
Cheng 2019 part2 [25] 20.12 0.24 40 26.14 2.33 40 33.5% –6.02 [–6.75, –5.29]
Zhang 2019 [30] 29.7 3.3 34 28.8 2.5 36 32.6% 0.90 [–0.48, 2.28]

Total (95% CI) 114 116 100.0% –1.92 [–5.84, 1.99]
Heterogeneity: Tau2 = 11.76; Chi2 = 216.69, df = 2 (P < 0.00001); I2 = 99%
Test for overall effect: Z = 0.96 (P = 0.34)

PaO2

Mean Difference
IV, Random, 95% CI

Favours [Opioids] Favours [DEX] 

–2 2 40–4
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Fig. 7. (Continued from the previous page) Forest plot of PCEA in labor analgesia. (A) Duration of the first labor stage, (B) duration of the 
second labor stage, (C) mode of delivery, (D) data on pH of cord blood, (E) data on PaO2 of cord blood, and (F) fetal heart rate abnormality. DEX: 
dexmedetomidine, IV: inverse variance, M-H: Mantel-Haenszel.

analgesia (Fig. 7F).  

Sensitivity and subgroup analyses  

Sensitivity and subgroup analyses were performed to minimize 
and identify the sources of heterogeneity. For some indicators, the 
heterogeneity was significantly reduced among the remaining 
studies after one study was removed (Table 3). For the VAS scores 
at 24 h postoperatively, RSS scores at various postoperative times 
(0–2 h, 2–6 h, 24 h, and 48 h), duration of the first labor stage, 
mode of delivery, and sensitivity analysis results using a fixed-ef-
fects model for pooling were consistent with previous results. 

However, though the incidence of hypotension and bradycardia 
and the duration of the second labor stage were not significantly 
different between the opioid and DEX groups before the sensitivi-
ty analysis, after minimizing the heterogeneity, we concluded that 
a relatively higher incidence of bradycardia (OR: 2.27, 95% CI 
[1.05, 4.91], P =  0.04), lower incidence of hypotension (OR: 0.12, 
95% CI [0.03, 0.54], P =  0.005), and relatively shorter second la-

bor stage duration (MD: 2.44, 95% CI [0.39, 4.50], P =  0.02) were 
found in the DEX group compared with the opioid group. Fur-
thermore, we performed a subgroup analysis of the incidence of 
hypotension and bradycardia based on whether PCEA was used 
for labor or postoperative analgesia. The results of this subgroup 
analysis were consistent with the previous unadjusted results. 
Therefore, we looked at these results dialectically. Unfortunately, 
even though we performed sensitivity and subgroup analyses, 
considerable heterogeneity remained for some of the results (VAS 
scores for postoperative patients at 48 h, PaO2 of cord blood, etc.); 
thus, future high-quality studies with larger sample sizes are need-
ed to further confirm these results. The efficacy of DEX vs. opi-
oids in the PCEA is summarized in Table 4. 

Discussion 

This meta-analysis included seven studies, one of which 
(Cheng et al. [25]) contained two separate trials. The results of 
the present meta-analysis showed that DEX was superior to opi-

Opioids DEX Odds Ratio
Study or Subgroup Events Total Events Total Weight M–H, Fixed, 95% CI

Cheng 2019 part1 [25] 2 40 2 40 34.1% 1.00 [0.13, 7.47]

Cheng 2019 part2 [25] 3 40 1 40 16.6% 3.16 [0.31, 31.78]
Zhang 2019 [30] 2 34 3 36 49.3% 0.69 [0.11, 4.39]

Total (95% CI) 114 116 100.0% 1.21 [0.39, 3.70]
Total events 7 6
Heterogeneity: Chi2 = 1.06, df = 2 (P = 0.59); I2 = 0%
Test for overall effect: Z = 0.33 (P = 0.74)

Fetal heart rate abnormality
Odds Ratio

M–H, Fixed, 95% CI

FFFavours [Opioids] Favours [DEX] 

0.01 0.1 1 10 100

Table 3. Sensitivity Analysis Results
Indicators MD/OR P I2

VAS score at postoperative 24 h 0.86 (0.63, 1.10) < 0.00001 13%
Hypotension 2.27 (1.05, 4.91) 0.04 9%
Bradycardia 0.12 (0.03, 0.54) 0.005 0%
RSS score at postoperative 0–2 h −0.24 (−0.39, −0.09) 0.002 0%
RSS score at postoperative 2–6 h −0.33 (−0.50, −0.17) < 0.0001 0%
RSS score at postoperative 24 h −0.80 (−0.91, −0.68) < 0.00001 0%
RSS score at postoperative 48 h −0.17 (−0.36, 0.22) 0.08 0%
Duration of the first labor stage 9.55 (−0.22, 19.33) 0.06 17%
Duration of the second labor stage 2.44 (0.39, 4.50) 0.02 0%
Mode of delivery 1.42 (0.68, 2.97) 0.35 0%
MD: mean difference, OR: odd ratio, VAS: visual analogue scale, RSS: Ramsay sedation scale.
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oids in terms of pain relief and the incidence of nausea and vom-
iting and itching. 

The VAS score is a critical parameter for evaluating the efficacy 
of potential analgesic therapies. This meta-analysis found that the 
addition of DEX resulted in lower VAS scores than the addition of 
opioids at 4–8 h, 12 h, and 48 h after surgery. One curious finding 
was that DEX was not significantly superior to opioids at reducing 
VAS scores in patients 0–4 h after surgery, which may be ex-
plained by the fact that researchers often administer the first dose 
of local anesthetics in the epidural space to expand the analgesic 
plane when linking the PCEA pump, thus masking the synergistic 
analgesic effect of the adjuvant considerably in the early postoper-
ative period. The analgesic effects of DEX may be explained by 
several potential mechanisms. DEX opens the K+ channel on the 
cell membrane and strengthens the inhibitory effect of local anes-
thetics on the Na+ channel [32]. However, DEX can also inhibit 
the secretion of norepinephrine by the spinal cord, activate cho-
linergic nerves, and synergize with local anesthetics to enhance 
the analgesic effect [33]. In addition, DEX can induce local vaso-
constriction by stimulating the Alpha-2 receptors of blood vessels, 
thereby delaying the absorption of local anesthetics and prolong-
ing their duration [34]. In the meta-analysis, epidural DEX sig-
nificantly reduced postoperative pain compared to opioids in 
terms of the VAS score; however, data on labor analgesia were not 
included, mainly because the time points for the VAS score evalu-
ations in the included studies on labor analgesia varied and thus 
could not be integrated. In the study conducted by Zhang et al. 
[30], the progression of the cervical opening diameter was used as 
the observation point for the VAS score. Both Li et al. [26] and 
Cheng et al. [25] recorded VAS scores after anesthesia induction, 
but the observation time points were inconsistent. However, all 
included studies showed a tendency toward better pain control 
with DEX than with opioids for epidural labor analgesia. The re-
sults of the study conducted by Li et al. [26] demonstrated that the 
VAS scores were significantly lower in the DEX group than in the 

opioid group 10 min after epidural placement. Cheng et al. [25] 
showed the same results 15 min after anesthesia induction, and 
Zhang et al. [30] similarly showed lower VAS scores in the DEX 
group after cervical dilation >  3 cm. In a recently published me-
ta-analysis [17] on epidural labor analgesia, the administration of 
DEX as a single shot or continuous infusion showed pain relief 
that was comparable with that of opioids. More high-quality re-
search is needed in the future to draw clear conclusions on epi-
dural labor analgesia. 

The greatest concern with DEX administration in the epidural 
space is the potential for adverse effects, especially when used in 
PCEA because of its longer duration of action. DEX is associated 
with side effects such as hypotension, bradycardia, itching, dry 
mouth, shivering, nausea, and vomiting [35,36]. However, our 
analysis did not show a significantly higher risk of these side ef-
fects in the DEX group compared with the opioid group, except 
for dry mouth, though this is likely because an insufficient 
amount of studies reported the incidence of dry mouth. Further-
more, DEX significantly reduced the incidence of itching and 
nausea and vomiting compared with opioids. However, in our 
leave-one-out analysis, we found that the incidence of bradycardia 
was higher in the DEX group, whereas in the subgroup analysis of 
labor and postoperative analgesia, the incidence of bradycardia 
did not differ between the two groups. In another meta-analysis 
comparing DEX and placebo, Zhang et al. [15] found that the 
heart rate was lower in the DEX group; however, the incidence of 
bradycardia was not statistically significant. In conclusion, our re-
sults suggest that DEX is well-tolerated as an epidural adjuvant in 
PCEA and is superior to opioids in terms of the incidence of pru-
ritus, nausea, and vomiting. 

Our results indicate that DEX, when used as an adjuvant in 
PCEA, clearly increases the RSS scores in the early postoperative 
period. In studies comparing DEX with clonidine [37–39], DEX 
significantly improved the degree of sedation. Relevant studies 
have demonstrated that DEX can diffuse into the cerebrospinal 

Table 4. Summary of the Efficacy of DEX vs. Opioids in PCEA
Dexmedetomidine versus opioids in PCEA

Postoperative analgesia Postoperative and labor analgesia Labor analgesia
Effectiveness Adverse reactions Effects on puerpera Effects on fetus

Analgesic 
effects

Sedative 
effects

Nausea vomiting, 
itching, and 
hypotension

Bradycardia
Urinary 

retention, 
shivering

First labor stage, 
mode of delivery

Second labor 
stage

Cord blood 
index, fetal heart 

rate
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fluid through the dura mater and combine with Alpha-2 adrener-
gic receptors in the blue nucleus of the brainstem to produce a 
sedative effect [40]. Moderately increased sedation can help re-
duce the patient’s stress response, reduce the body’s oxygen con-
sumption, maintain hemodynamic stability, and reduce depen-
dence on analgesics that depress respiration. However, excessive 
sedation may cause side effects such as hypotension, bradycardia, 
and respiratory depression. As the use of DEX may be complicat-
ed by its higher sedative effect, careful attention by physicians is 
imperative during its use. Moreover, the addition of DEX reduces 
the consumption of anesthetics and PCEA bolus doses, reflecting 
the superiority of its analgesic effect laterally. Furthermore, com-
pared with opioids, epidural analgesia with DEX has no signifi-
cant impact on the duration of the stages, mode of delivery, um-
bilical artery pH or PaO2, or fetal heart rate. These findings are 
consistent with those of another previous study [17] that demon-
strated that using DEX in epidural labor analgesia is safe for the 
fetus. 

Previous meta-analyses have demonstrated that a single-shot 
injection of DEX into the subarachnoid or epidural space pro-
longs the duration of analgesia and decreases the requirement for 
rescue analgesia compared to placebo [15,16,18], opioids [41], or 
clonidine [42] in different surgical procedures. The most import-
ant difference between that study and the current meta-analysis is 
that the purpose of our study was to assess the safety and efficacy 
of continuous DEX infusions for epidural analgesia and thus, only 
studies involving continuous DEX infusions for epidural analgesia 
were included. Previous meta-analyses [17,41] have demonstrated 
that a single dose of DEX with epidural anesthesia significantly 
reduces the incidence of nausea and vomiting compared to opi-
oids, which is consistent with our results. Qian et al. [41] found 
that, compared with epidural opioid administration, epidural 
DEX administration significantly reduces the incidence of shiver-
ing, though our results showed no significant difference. These 
authors also found that the incidence of dry mouth in the DEX 
group was significantly higher than that in the fentanyl group; 
however, the data from our included studies were insufficient to 
draw a definitive conclusion. In addition, the incidence of itching 
was significantly lower in the DEX group than in the opioid group 
in our study. 

This meta-analysis has several limitations. First, data from the 
included studies were relatively insufficient. The VAS and RSS 
scores only included the postoperative analgesia population and 
may not be applicable for labor analgesia. Previous studies have 
reported that DEX may be associated with adverse effects, such as 
dry mouth and unstable hemodynamic changes. These results 
could not be synthesized or analyzed due to insufficient data in 

the studies included in this meta-analysis. Future studies should 
focus on these aspects. Second, this meta-analysis included stud-
ies using three different types of opioids (morphine, sufentanil, 
and fentanyl), which may have affected the results on pain relief 
and adverse events. Third, relatively high heterogeneity was found 
for some of our results, which may have resulted in bias; therefore, 
further research is required. The relatively high heterogeneity in 
this study may be explained by the different puncture segments 
among studies on epidural analgesia, different doses of DEX, and 
different PCEA parameter settings. Finally, DEX is a relatively 
new drug, particularly for epidural analgesia, and its long-term 
effects on the nervous system and maternal lactation are un-
known. Therefore, suitable large-scale controlled trials to confirm 
these results are still necessary in the future. 

In conclusion, the results of this meta-analysis showed that 
DEX is superior to opioids as a local anesthetic adjuvant in PCEA 
as DEX is associated with better pain relief and a lower incidence 
of nausea and vomiting and itching. However, some of the results 
of our meta-analysis should be interpreted with caution given the 
heterogeneity of the studies and insufficient data. 
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