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Abstract
Introduction: The e�cacy of dexmedetomidine addition for pain control after pediatric hernia repair remains controversial. We conduct a systematic review
and meta-analysis to explore the in�uence of dexmedetomidine addition on pain management for pediatric hernia repair.

Methods: We search PubMed, EMbase, Web of science, EBSCO, and Cochrane library databases through March 2020 for randomized controlled trials (RCTs)
assessing the effect of dexmedetomidine addition on pain management for pediatric hernia repair. This meta-analysis is performed using the random-effect
model.

Results: Six RCTs are included in the meta-analysis. Overall, compared with control group for pediatric hernia repair, dexmedetomidine addition is associated
with signi�cantly reduced analgesic consumption (SMD=-1.0; 95% CI=-1.40 to -0.61; P<0.00001) and number of rescue analgesics (SMD=0.16; 95% CI=0.06 to
0.41; P=0.0002), prolonged time to �rst analgesia  (SMD=8.16; 95% CI=4.58 to 11.73; P<0.00001) and decreased the incidence of emergence agitation
(RR=0.12; 95% CI=0.03 to 0.44; P=0.001), but has no obvious impact on pain scores at 1 h (SMD=-2.00; 95% CI=-5.78 to 1.79; P=0.30) or 2 h (SMD=-0.73; 95%
CI=-2.33 to 0.87; P=0.37).

Conclusions: Dexmedetomidine addition is bene�cial to pain control after pediatric hernia repair.

Introduction
Hernia repair has become the most common surgical procedures in children, but may result in severe post-operative pain [1–4]. About 12.4% of pediatric
patients were estimated to experience persistent post herniorrhaphy pain. Chronic pain occurs in 5–10% of patients with inguinal herniorrhaphy [5]. Insu�cient
pain control may result in increased blood pressure, tachycardia, insomnia and behavioral disorders [3, 5, 6].

Many methods have been developed for perioperative pain management in children, they mainly include single shot caudal block, wound in�ltration with local
anesthetics, transverse abdominal plane block, oral or intravenous analgesics [7–9]. For example, Ilioinguinal/Iliohypogastric nerve block has good effect on
post-operative pain with minimal risk and low cost [10]. It can achieve the comparable e�cacy to caudal block [11]. Dexmedetomidine, a strong α2 adrenergic
agonist, has a sympatholytic, sedative, analgesic effect and is effective in many anesthetic and analgesic techniques [12, 13]. The addition of
dexmedetomidine to wound in�ltration with ropivacaine was reported to reduce post-operative pain after inguinal herniorrhaphy [14–16].

Recently, several studies have investigated the e�cacy of dexmedetomidine supplementation for pediatric hernia repair, but the results are con�icting [11, 17–
19]. This systematic review and meta-analysis of RCTs aims to assess the impact of dexmedetomidine supplementation on pain control after pediatric hernia
repair.

Materials And Methods
This systematic review and meta-analysis are performed based on the guidance of the Preferred Reporting Items for Systematic Reviews and Meta-analysis
statement and Cochrane Handbook for Systematic Reviews of Interventions [20, 21]. No ethical approval and patient consent are required because all
analyses are based on previous published studies.

Literature search and selection criteria

We systematically search several databases including PubMed, EMbase, Web of science, EBSCO, and the Cochrane library from inception to March 2020 with
the following keywords: “esketamine”, and “depression”. The reference lists of retrieved studies and relevant reviews are also hand-searched and the process
above is performed repeatedly in order to include additional eligible studies.

The inclusion criteria are presented as follows: (1) study design is RCT, (2) children patients underwent hernia repair, and (3) intervention treatments are
dexmedetomidine addition spray versus placebo.

Data extraction and outcome measures

Some baseline information is extracted from the original studies, and they include �rst author, number of patients, age, female, weight, duration of surgery and
detail methods in two groups. Data are extracted independently by two investigators, and discrepancies are resolved by consensus. We have contacted the
corresponding author to obtain the data when necessary.

The primary outcomes are analgesic consumption and number of rescue analgesics. Secondary outcomes include time to �rst analgesia, emergence
agitation, pain scores at 1 h and 2 h.

Quality assessment in individual studies

The methodological quality of each RCT is assessed by the Jadad Scale which consists of three evaluation elements: randomization (0-2 points), blinding (0-2
points), dropouts and withdrawals (0-1 points) [22]. One point would be allocated to each element if they have been conducted and mentioned appropriately in
the original article. The score of Jadad Scale varies from 0 to 5 points. An article with Jadad score≤2 is considered to be of low quality. The study is thought
to be of high quality if Jadad score≥3 [23].

Statistical analysis
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We assess standard mean difference (SMD) with 95% con�dence interval (CI) for continuous outcomes (analgesic consumption, time to �rst analgesia, pain
scores at 1 h and 2 h), and risk ratio (RR) with 95% CI for dichotomous outcome (number of rescue analgesics and emergence agitation). Heterogeneity is
evaluated using the I2 statistic, and I2 > 50% indicates signi�cant heterogeneity [24]. The random-effects model is used for all meta-analysis. We search for
potential sources of heterogeneity for signi�cant heterogeneity. Sensitivity analysis is performed to detect the in�uence of a single study on the overall
estimate via omitting one study in turn or performing the subgroup analysis. Owing to the limited number (<10) of included studies, publication bias is not
assessed. Results are considered as statistically signi�cant for P <0.05. All statistical analyses are performed using Review Manager Version 5.3 (The
Cochrane Collaboration, Software Update, Oxford, UK).

Results
Literature search, study characteristics and quality assessment

Figure 1 shows the detail �owchart of the search and selection results. 315 potentially relevant articles are identi�ed initially. Finally, six RCTs are included in
the meta-analysis [11, 13, 17–19, 25].

The baseline characteristics of six included RCTs are shown in Table 1. These studies are published between 2015 and 2020, and the total sample size is 332.
The dose of dexmedetomidine ranged from 0.3 µg/kg to 1.0 µg/kg.

Table 1
Characteristics of included studies

NO. Author Dexmedetomidine group Control group

Number Age Female
(n)

Weight
(kg)

Duration
of
surgery
(min)

Methods Number Age Female
(n)

Weight
(kg)

1 Shahhosseini
2020

30 41.80 ± 
22.79
months

- 14.67 
± 3.79

- 5 ml bupivacaine 0.25%
with dexmedetomidine
0.3 µg/kg

30 38.33 ± 
18.05
months

- 15.48 
± 5.08

2 Azemati
2019

30 27.97 ± 
20.78
months

- - - 1 µg/kg dexmedetomidine
plus local in�ltration of
0.2 mL/kg bupivacaine
0.5% at the incision site
before surgery

30 17.53 ± 
14.77
months

- -

3 Yao 2018 30 2.9 ± 
1.5 years

1 15.4 ± 
2.9

34.3 ± 
6.5

1 mL/kg of caudal 0.25%
levobupivacaine and
intravenous 1 µ g / kg
dexmedetomidine in
20 mL saline

30 2.8 ± 
1.8 years

1 14.7 ± 
3.3

4 Karan 2018 30 5.91 ± 
2.65 years

3 18.7 ± 
7.11

29.1 ± 
4.64

ilioinguinal-iliohypogastric
nerve block with
ropivacaine 0.2% with
adjunct dexmedetomidine
1 µg/kg

30 5.93 ± 
2.72 years

2 17.83 
± 6.54

5 Sun 2017 25 26.1 ± 9.7
months

5 13.4 ± 
3.1

- intravenous
dexmedetomidine at
1.0 µg/kg

24 24.1 ± 
11.1
months

8 12.9 ± 
2.7

6 Lundblad
2015

22 5.55 (2.3–
7.8),
median
(range)
years

5 20.5
(12–
26)

23.5
(12–43)

ilioinguinal/iliohypogastric
nerve block with plain
ropivacaine 0.197% plus
with adjunct
dexmedetomidine 0.3 µ
g/kg

21 5.3 (1.7–
7.9) years

8 19.6
(12–
34)

Among the six included RCTs, two trials reported analgesic consumption [19, 25], two trials reported number of rescue analgesics and time to �rst analgesia
[18, 19], two trials reported emergence agitation [18, 25], as well as two trials reported pain scores at 1 h and 2 h [17, 19]. Jadad scores of the six included
studies vary from 3 to 5, and all six studies have high-quality based on the quality assessment.

Among the six included RCTs, two trials reported analgesic consumption [19, 25], two trials reported number of rescue analgesics and time to �rst analgesia
[18, 19], two trials reported emergence agitation [18, 25], as well as two trials reported pain scores at 1 h and 2 h [17, 19]. Jadad scores of the six included
studies vary from 3 to 5, and all six studies have high-quality based on the quality assessment.

Primary outcomes: analgesic consumption and number of rescue analgesics

The random-effect model is used for the analysis of primary outcome. The results �nd that compared to control group for pediatric hernia repair,
dexmedetomidine addition is associated with signi�cantly reduced analgesic consumption (SMD=-1.0; 95% CI=-1.40 to -0.61; P<0.00001) with no
heterogeneity among the studies (I2=0%, heterogeneity P=0.72, Figure 2) and number of rescue analgesics (SMD=0.16; 95% CI=0.06 to 0.41; P=0.0002) with no
heterogeneity among the studies (I2=0%, heterogeneity P=0.93, Figure 3).
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Sensitivity analysis

There is no heterogeneity for the primary outcome, and thus we do not perform the meta-analysis via omitting one study or subgroup analysis to detect the
heterogeneity.

Secondary outcomes

In comparison with control intervention for pediatric hernia repair, dexmedetomidine addition can substantially increase time to �rst analgesia (SMD=8.16;
95% CI=4.58 to 11.73; P<0.00001; Figure 4) and decrease the incidence of emergence agitation (RR=0.12; 95% CI=0.03 to 0.44; P=0.001; Figure 5), but shows
no obvious effect on pain scores at 1 h (SMD=-2.00; 95% CI=-5.78 to 1.79; P=0.30; Figure 6) or 2 h (SMD=-0.73; 95% CI=-2.33 to 0.87; P=0.37; Figure 7).

Discussion
Local anesthetics such as bupivacaine and ropivacaine were used for peripheral nerve block, sympathetic nerve block, local in�ltration, epidural and caudal
blocks [11, 26–28]. Combination dexmedetomidine with bupivacaine or ropivacaine can prolong the analgesic effect [14, 29, 30]. In a prospective randomized
study involving 60 patients with the age between 6 months to 6 years scheduled for unilateral inguinal herniorrhaphy, the duration of analgesia is signi�cantly
higher in patients receiving bupivacaine with dexmedetomidine in comparison to patients receiving bupivacaine alone, but the frequency of analgesic
consumption in the �rst 24 h and total dose of analgesic consumption had no signi�cant difference in the two groups [11].

However, this meta-analysis �nds that dexmedetomidine addition can substantially reduce the analgesic consumption and number of rescue analgesics for
pediatric hernia repair in comparison to control intervention. In sixty children with the age range of 12 to 72 months for unilateral inguinal herniorrhaphy,
dexmedetomidine in addition to bupivacaine reduced the hernia sac traction response and increased the analgesia time postoperatively [31].
Dexmedetomidine addition to ropivacaine was reported to prolong the period of �rst analgesia demand compared to ropivacaine alone in children undergoing
inguinal herniorrhaphy [13]. 16 Our meta-analysis also con�rms the prolonged time to �rst analgesia after dexmedetomidine addition for pediatric hernia
repair. In addition, the emergence agitation is obviously reduced after adding dexmedetomidine.

In another study on 120 patients undergoing laparoscopic cholecystectomy, visual analogue score (VAS) was far lower in dexmedetomidine and bupivacaine
group (1.80 ± 0.36) than tramadol and bupivacaine (3.01 ± 0.48) and plain bupivacaine group (4.5 ± 0.92) (P < 0.001) [32]. The mixture of dexmedetomidine
and bupivacaine on forty children with abdominal cancer surgeries was reported to reduce postoperative pain signi�cantly up to 19 hours and increase the
duration of sedation [32]. However, this meta-analysis revealed the similar pain scores at 1 h and 2 h between dexmedetomidine addition and control
intervention for pediatric hernia repair. The e�cacy of dexmedetomidine addition for pain control may be compromised by the analgesic consumption during
the surgery. In sixty children aged between 2–11 years scheduled for elective hernitomy, adjunct dexmedetomidine 1 µg/kg was associated with substantially
reduced pain scores after 6 h compared to control intervention [19].

Several limitations exist in this meta-analysis. Firstly, our analysis is based on only six RCTs, and more RCTs with large sample size should be conducted to
explore this issue. Next, although there is no signi�cant heterogeneity, different doses and combination methods of dexmedetomidine addition may produce
some bias. Finally, some unpublished and missing data may lead to some bias for the pooled effect.

Conclusion
Dexmedetomidine addition bene�ts to pain control after pediatric hernia repair.

Abbreviations
randomized controlled trials: RCTs

mean differences: MDs

con�dence intervals: CIs

risk ratios: RRs

Declarations
Ethical Approval and Consent to participate

Not applicable.
Consent for publication

Not applicable.
Availability of supporting data

Not applicable.
Competing interests

The authors declare no con�ict of interest.



Page 5/8

Funding

Not applicable.
Authors' contributions

Bo Liu conducted the design, Wei Liu conducted the study planning, data analysis and data interpretation, Liang Yuan wrote and revised the article. All authors
read and approved the �nal manuscript.
Acknowledgements

None.
Authors' information

Bo Liu1,4,5, Wei Liu2,4,5, Liang Yuan3,4,5

1Department of Gastroenterology, Children’s Hospital of Chongqing Medical University, Chongqing 400014, China. E-mail address: .

2Department of Anaesthesiology, Children’s Hospital of Chongqing Medical University, Chongqing 400014, China. E-mail address: faithrefresh@126.com.

3Department of Gastrointestinal and Neonatal Surgery, Children's Hospital of Chongqing Medical University, Chongqing 400014,

4National Clinical Research Center for Child Health and Diseases, Ministry of Education Key Laboratory of Child Development and Disorders, China
International Science and Technology Cooperation Base of Child Development and Critical Disorders, Children’s Hospital of Chongqing Medical University,
Chongqing 400014, China;

5Chongqing Key Laboratory of Pediatrics, Chongqing 400014, China

References
1. Jenkins JT, O’Dwyer PJ. Inguinal hernias BMJ. 2008;336(7638):269–72.

2. Gause CD, Casamassima MGS, Yang J, Hsiung G, Rhee D, Salazar JH, Papandria D, Pryor HI, Stewart D, Lukish J, Colombani P, Chandler NM, Johnson E,
Abdullah F. Laparoscopic versus open inguinal hernia repair in children ≤ 3: a randomized controlled trial. Pediatr Surg Int. 2017;33(3):367–76.

3. Litz CN, Farach SM, Fernandez AM, Elliott R, Dolan J, Patel N, Zamora L, Colombani PM, Walford NE, Amankwah EK, Snyder CW, Danielson PD, Chandler
NM. Percutaneous ultrasound-guided vs. intraoperative rectus sheath block for pediatric umbilical hernia repair: A randomized clinical trial. J Pediatr Surg.
2017;52(6):901–6.

4. Abdallah S, Abdallah E, Ahmed N. Enhancement of bupivacaine caudal analgesia using nalbuphine compared with fentanyl in children undergoing
inguinal hernia repair. Journal of Current Medical Research Practice. 2019;4(2):196–202.

5. Eske K, Aasvang MD, Gmaehle E, Jeanette DPsychol, Hansen B, Gmaehle RN,B, Julie DPsychol, Forman L, Schwarz MSc,PhD,J, Bittner MD,R, Kehlet MD,H.
M.D., Ph.D., Predictive Risk Factors for Persistent Postherniotomy Pain. Anesthesiology: The Journal of the American Society of Anesthesiologists.
2010;112(4):957–69.

�. White PF. Optimizing Anesthesia for Inguinal Herniorrhaphy: General, Regional, or Local Anesthesia?, Anesthesia & Analgesia 93(6) (2001).

7. 7.

�. Çevikkalp E, Erbüyün K, Erbüyün S, Ok G. Ultrasound guided transversus abdominis plane block. Postoperative analgesia in children with spinal
dysraphism. Saudi Med J. 2018;39(1):92–6.

9. Sethi N, Pant D, Dutta A, Koul A, Sood J, Chugh PT. Comparison of caudal epidural block and ultrasonography-guided transversus abdominis plane block
for pain relief in children undergoing lower abdominal surgery. J Clin Anesth. 2016;33:322–9.

10. R SN, U P, R SP. Postoperative pain management with combined local in�ltration and oral analgesia in herniotomy wound in children. JIOM. 2011;33:24–
9.

11. S. S, M. A, Comparative Evaluation of Dexmedetomidine and Bupivacaine Combination versus Bupivacaine Alone On the Analgesic Effect of Ilioinguinal
Nerve Block in Pediatric Patients Undergoing Inguinal Herniorrhaphy, Iranian Journal of Pediatric Surgery 5(2): 47–53 (2020).

12. El-Hennawy AM, Abd-Elwahab AM, Abd-Elmaksoud AM, El-Ozairy HS, Boulis SR. Addition of clonidine or dexmedetomidine to bupivacaine prolongs
caudal analgesia in children, BJA. Br J Anaesth. 2009;103(2):268–74.

13. Lundblad M, Marhofer D, Eksborg S, Lönnqvist P-A. Dexmedetomidine as adjunct to ilioinguinal/iliohypogastric nerve blocks for pediatric inguinal hernia
repair: an exploratory randomized controlled trial. Pediatric Anesthesia. 2015;25(9):897–905.

14. Jarineshin H, Fekrat F, Kargar Kermanshah A. Treatment of Postoperative Pain in Pediatric Operations: Comparing the E�ciency of Bupivacaine,
Bupivacaine-Dexmedetomidine and Bupivacaine-Fentanyl for Caudal Block. Anesth Pain Med. 2016;6(5):e39495–5.

15. Raof RA, El Metainy SA, Alia DA, Wahab MA. Dexmedetomidine decreases the required amount of bupivacaine for ultrasound-guided transversus
abdominis plane block in pediatrics patients: a randomized study. J Clin Anesth. 2017;37:55–60.

1�. Kang H. The effect of dexmedetomidine added to preemptive ropivacaine in�ltration on post-operative pain after inguinal herniorrhaphy: a prospective,
randomized, double-blind, placebo-controlled study. European Surgery. 2012;44(4):274–80.



Page 6/8

17. Azemati S, Pourali A, Aghazadeh S. Effects of adding dexmedetomidine to local in�ltration of bupivacaine on postoperative pain in pediatric
herniorrhaphy: a randomized clinical trial, Korean J Anesthesiol 0 (2019).

1�. Yao Y, Yu C, Zhang X, Guo Y, Zheng X. Caudal and intravenous dexmedetomidine similarly prolong the duration of caudal analgesia in children: A
randomized controlled trial. Pediatric Anesthesia. 2018;28(10):888–96.

19. Karan D, Swaro S, Mahapatra PR, Banerjee A. Effect of Dexmedetomidine as an Adjuvant to Ropivacaine in Ilioinguinal-Iliohypogastric Nerve Blocks for
Inguinal Hernia Repair in Pediatric Patients: A Randomized, Double-Blind, Control Trial. Anesth Essays Res. 2018;12(4):924–9.

20. Moher D, Liberati A, Tetzlaff J, Altman DG, Group P. Preferred reporting items for systematic reviews and meta-analyses: the PRISMA statement. Bmj.
2009;339:b2535.

21. HigginsJPT G. Cochrane handbook for systematic reviews of interventions version 5.1. 0 [updated March 2011], The cochrane collaboration (2011).

22. Jadad AR, Moore RA, Carroll D, Jenkinson C, Reynolds DJM, Gavaghan DJ, McQuay HJ. Assessing the quality of reports of randomized clinical trials: Is
blinding necessary? Control Clin Trials. 1996;17(1):1–12.

23. Kjaergard LL, Villumsen J, Gluud C. Reported Methodologic Quality and Discrepancies between Large and Small Randomized Trials in Meta-Analyses.
Ann Intern Med. 2001;135(11):982–9.

24. Higgins JP, Thompson SG. Quantifying heterogeneity in a meta-analysis. Statistics in medicine. 2002;21(11):1539–58.

25. Sun Y, Li Y, Sun Y, Wang X, Ye H, Yuan X. Dexmedetomidine Effect on Emergence Agitation and Delirium in Children Undergoing Laparoscopic Hernia
Repair: a Preliminary Study. J Int Med Res. 2017;45(3):973–83.

2�. Jacob B, Zippelius T, Kloss N, Benad K, Schwerdt C, Hoff P, Matziolis G, Röhner E, Local Anesthetics’ Toxicity toward Human Cultured Chondrocytes: A
Comparative Study between Lidocaine, Bupivacaine, and Ropivacaine, CARTILAGE 10(3) (2018) 364–369.

27. Gündüz Ş, Eriş Yalçın S, Karakoç G, Akkurt M, Yalçın Y, Yavuz A. Comparison of bupivacaine and ropivacaine in combination with fentanyl used for
walking epidural anesthesia in labor. Turk J Obstet Gynecol. 2017;14(3):170–5.

2�. Bindal D, Narang N, Mahindra R, Gupta H, Kubre J, Saxena A. Effect of Dexamethasone on Characteristics of Supraclavicular Nerve Block with
Bupivacaine and Ropivacaine: A Prospective, Double-blind, Randomized Control Trial. Anesth Essays Res. 2018;12(1):234–9.

29. Goyal V, Kubre J, Radhakrishnan K. Dexmedetomidine as an adjuvant to bupivacaine in caudal analgesia in children. Anesth Essays Res.
2016;10(2):227–32.

30. Kamal M, Mohammed S, Meena S, Singariya G, Kumar R, Chauhan DS. E�cacy of dexmedetomidine as an adjuvant to ropivacaine in pediatric caudal
epidural block. Saudi J Anaesth. 2016;10(4):384–9.

31. Xiang Q, Huang DY, Zhao YL, Wang GH, Liu YX, Zhong L, Luo T. Caudal dexmedetomidine combined with bupivacaine inhibit the response to hernial sac
traction in children undergoing inguinal hernia repair. Br J Anaesth. 2013;110(3):420–4.

32. Shukla U, Prabhakar T, Malhotra K, Srivastava D, Malhotra K. Intraperitoneal bupivacaine alone or with dexmedetomidine or tramadol for post-operative
analgesia following laparoscopic cholecystectomy: A comparative evaluation. Indian J Anaesth. 2015;59(4):234–9.

Figures



Page 7/8

Figure 1

Flow diagram of study searching and selection process.

Figure 2

Forest plot for the meta-analysis of analgesic consumption.

Figure 3

Forest plot for the meta-analysis of number of rescue analgesics.
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Figure 4

Forest plot for the meta-analysis of time to �rst analgesia.

Figure 5

Forest plot for the meta-analysis of emergence agitation.

Figure 6

Forest plot for the meta-analysis of pain scores at 1 h.

Figure 7

Forest plot for the meta-analysis of pain scores at 2 h.


