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Abstract

Study objective: Rocuronium is widely used during the induction of general anesthesia.
However, it is associated with rocuronium-induced pain response, which can appear as
a rocuronium-induced withdrawal response. The purpose of this study was to compare
the effectiveness of pharmacological interventions in preventing rocuronium-induced
pain response and rocuronium-induced withdrawal response using a network meta-
analysis. Design: Systematic review and network meta-analysis (NMA) of RCTs.
Setting: Pharmacological interventions to prevent rocuronium-induced pain response
and rocuronium-induced pain response and rocuronium-induced withdrawal. Data
sources: MEDLINE, EMBASE, the Cochrane Central Register of Controlled Trials
(CENTRAL), Google Scholar were systematically searched from its inception until
Mar 2020. Methods: We searched multiple databases and extracted randomized
controlled trials that compared two or more pharmacological interventions to prevent
rocuronium-induced pain response and rocuronium-induced withdrawal response in
adult patients who received rocuronium injections for general anesthesia. We conducted
network meta-analysis and used surface under the cumulative ranking curve values and
rankograms to present the hierarchy of the pharmacological interventions evaluated.
Results: In total, 43 studies (5,291 patients) were included in this network meta-
analysis and 31 pharmacological interventions were evaluated. The rankogram and
cumulative ranking plot showed that oxycodone followed by a combination of lidocaine
and sodium bicarbonate (NaHCO3), esmolol, alfentanil, and rocuronium mixed with
NaHCOj3 had the lowest frequency of rocuronium-induced withdrawal response. In
terms of rocuronium-induced pain response, NaHCO3 mixed with rocuronium showed
the lowest frequency, followed by a combination of lidocaine and NaHCOg3, a
combination of lidocaine and nitrous oxide, rocuronium mixed with lidocaine, and
lidocaine. Conclusions: Lidocaine administration has been shown to reduce the
incidence of rocuronium-induced pain response regardless of the method of injection or
drug combination. The combination of lidocaine and NaHCO3 or mixing NaHCO3with
rocuronium was effective at reducing rocuronium-induced withdrawal response. In
particular, oxycodone was shown to be more effective than the other opioids evaluated
and esmolol was also found to be effective at reducing rocuronium-induced withdrawal
response.
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1. Introduction

Rocuronium bromide, an aminosteroidal non-depolarizing
neuromuscular agent with a rapid onset of action and an
intermediate duration, is widely used in rapid sequence
intubation and the induction of general anesthesia [l-3].
However, it is often associated with injection pain, with an

incidence of up to 80% [4, 5], and is reported to cause severe
burning pain when injected intravenously prior to the loss of
consciousness after the induction of anesthesia [0].

Although most patients do not complain of pain or recall
any pain after recovery, rocuronium injection-induced pain at
the injection site may cause a phenomenon called rocuronium-
induced withdrawal response (RIWR) in the upper limbs of
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First Author
Abu-Halaweh SA

Ahmad N

Akcaboy ZN

An X

Aydin GB

Ayoglu H

Cakirgoz M

Cheong KF

Han DW

Year
2013

2005

2012

2017

2014

2007

2018

2000

2007

TABLE 1. Characteristics of includes studies.

Study drugs
N/S 5mL
lidocaine 40 mg
remifentanil 1 mcg/kg
fentanyl 1 mcg/kg
N/S 2 mL
lidocaine 40 mg
fentanyl 100 mcg
N/S 5mL
lidocaine 0.5 mg/kg
ephedrine 70 mcg/kg
N/S 5 mL
oxycodone (0.05 mg/kg)
placebo PO
25 ng deketoprofen PO
N/S 3 mL
lidocaine 0.5 mg/kg
dexmedetomidine 0.25 mcg/kg

dexmedetomidine 0.25 mcg/kg +
lido 0.25 mg/kg

dexmedetomidine 0.25 mcg/kg +
lido 0.5 mg/kg

placebo PO
gabapentin 1500 mg po
N/S
lidocaine 10 mg
lidocaine 30 mg
rocuronium 50 mg bolus
rocuronium 50 mg + N/S 3 mL
rocuronium 50mg + NaHCOg

Number of patiens
50
50
50
50
30
30
30
40
40
40
60
60
65
73
30
30
30
30

30

50
50
30
30
30
20
20
20

Age
40.92 +13.20
40.6 £ 14.65
41.8 £16.55
46.4 £ 14.31

41.7+£133
41.8 £11.3
43.6 £ 11.7
40.5 £ 13.4
422 +£12.0
41.6 £ 8.8
52+10
53£9
54.8 £ 14.1
51.1 £ 14.7
40.0 £ 13.2
429 £ 135
421+ 124
37.1 £11.9

432+ 129

30.8 +7.9
345+ 10.7
34.9 (20-58)
36.9 (18-62)
37.7 (20-55)
38.1 + 10.7
36.9 +£ 7.4
43.0 +£ 8.3

Weight
27.48 £+ 4.88 (BMI)
27.03 £+ 4.33 (BMI)
26.92 +£5.21 (BMI)
26.88 £ 5.48 (BMI)
60.4 £13.3
61.3 £12.1
58.0£11.7
69.1 £ 14.7
70.8 £ 14.3
732 £11.8
63 + 11
62+ 10
74.7 £ 9.7
76.2 £ 8.9
723 £11.9
694 £ 11.8
71.1 £ 12.5
723 £11.8

712 £13.8

24.5 & 2.4 (BMI)
25.9 + 4.4 (BMI)
66.8 £ 12.5
63.2+15.2
64.8 £ 10.5
523472
56.6 + 7.4
563+ 6.8

RIPS or RIWS
P

W

Grading system
4 point scale (0-3)

4 point scale (1-4)

4 point scale (0-3)

4 point scale (0-3)

4 point scale (0-3)

4 point scale (0-3)

4 point scale (0-3)

4 point sacle (0-3)

4 point scale (0-3)
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First Author
JooJ

Kim E

Kim JH

Kim KS

Kim YH

Lee HJ

Lee YC

Memis D

Park JT

Year
2014

2013

2009

2006

2010

2009

2009

2002

2005

Study drugs
N/S
lidocaine 40 mg
dexmedetomidine 0.25 mcg/kg
dexmedetomidine 0.5 mcg/kg
dexmedetomidine 1 mcg/kg
N/S +100% O4
lidocaine 0.5 mg/kg
67% N3O/O4

lidocaine 0.5 mg/kg + 67%N20/O2

N/S
alfentanil 10 mcg/kg
remifentanil 1 mcg/kg
N/S
N/S + intravenous occlusion
lidocaine 1 mg/kg

lidocaine 1 mg/kg + intravenous
occlusion

5% DW 1.5 mL

5% DW + 1.5 mg nafamostat
mesilate (1.5 ml)

N/S 2 mL
peniramine 2 mL
N/S 0.1 ml/kg
lidocaine 0.1 mg/kg
N/S + rocuronium for 1 sec
N/S 3 mL
ondansetron 4 mg
lidocaine 30 mg
tramadol 50 mg
fentanyl 100 mcg
N/S 2 mL
thiopental 50 mg

TABLE 1. Continued.

Number of patiens
28
28
27
27
27
50
50
50
50
38
36
41
50
50
50
50

45
45

58
62
50
50
50
50
50
50
50
50
45
45

Age
38.7£12.5
37.6 £13.3
40.6 = 16.2
425+ 114
41.7+10.4

38.32 £ 15.73
35.52 £ 15.57
41.86 + 15.67
47.26 + 13.97
48.7 £ 16.2
45.0 £ 12.7
429 + 142
39.2 (20-60)
41.9 (21-63)
36.7 (19-62)
34.9 (19-60)

43.5 £+ 10.6
403+ 114

40.7 £ 13.0
425+ 119
41.0 £ 133
417+ 11.3
434+ 12.0
373 £ 15.1
405+ 154
38.6£173
422 +£14.1
41.6 + 8.82
41 £ 15
43 £ 15

Weight
63.6 £9.2
613 +£13
614+ 11
653 £ 11
59.6 £ 144
62.8 £11.1
613 £133
639 £ 12.6

63.2 £13.97
64.4 + 16.1
66.9 £12.7
643 £12.8
60.7 = 15.1
633 £16.5
67.6 £18.3
624 £175

63.0 + 84
65.7+ 6.1

62.0 £10.7
63.5£13.7
61.2+99
63.7 £ 10.7
59.8£9.6
77.1 £13.1
75.9 £10.3
76.1 £9.1
79.1 £10.1
752 £ 8.8
61.2+94
61.3+09.1

RIPS or RIWS
W

Grading system
4 point scale (0-3)

4 point scale (0-3)

4 point scale (1-4)

4 point scale (0-3)

4 point scale (1-4)

4 point scale (1-4)

4 point scale (0-3)

4 point scale (0-3)

4 point scale (0-3)
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First Author
Park KB

Singh M

Sivakumar S

Tuncaki B

Turan A

Uzun S

Yavascaoglu B

26. Zhang Y

Reddy MS

Year
2017

2007

1999

2004

2003

2014

2007

2012

2001

Study drugs
N/S

lidocaine 20 mg

palnonosetron 0.075 mg

N/S 5 mL
lidocaine 1 mg/kg
fentanyl 1 mcg/kg

sufentanil 0.5 mcg/kg

100% O+ lidocaine 40 mg
50% N2O + lidocaine 40 mg
rocuronium 0.06 mg/kg (10 mg/ml)
rocuronium 0.06 mg/kg + N/S

N/S 3 mL
MgSO4
lidocaine 30 mg
NaHCO3 2 mL
alfentanil 1000 mcg
N/S 5 mL
lidocaine 40 mg
paracetamol 50 mg
N/S 5 mL

lidocaine 0.5 mg/kg
esmolol 0.5 mg/kg
N/S
lidocaine 40 mg
parecoxib 20 mg
parecoxib 40 mg
N/S 5 mL

lidocaine 50 mg

ondansetron 4 mg

TABLE 1. Continued.

Number of patiens
40
40
40
20
20
20
20
40
40
50
100
50
50
50
50
50
50
50
50
40

40
40
40
40
40
40
20
20
20

Age
46.08 + 13.30
45.72 + 14.08
46.33 +10.96

40.7 £ 14.2
384+ 114
40.7 £ 114
344 £ 14.6
36.78 £ 12.972
35.12 £ 11.371
46.7 £ 18.3

394+132
422+152
403 £ 145
43.4 £ 10.1
383 £ 11.6
417+ 133
41.8 £13.9
427+ 11.9
429+19.2

459 £ 11.7
43.6 £ 15.5
45.18 £ 1244
41.28 £ 14.12
45.24 £ 14.36
43.54 £ 15.01
33.5£135
41.4 £ 183
39.8 £ 14.2

Weight
63.92 £ 11.91
61.8 £10.48
61.45+11.9
55.5£10.9
613 £119
60.0 £ 11.1
524 £13.7

54.70 +9.196
51.72 + 7.432
25.3 + 3.6 (BMI)

80 + 10.1
76.4 £12.1
74.1£13.2
75.5+£9.5
77.6 = 10.7
71 £12.2
73.3 £ 14.5
68.7 = 14.9
69.4 £123

71.1£15.2
69.3 + 14.6
67.80 £ 8.46
68.38 £4.29
70.78 £4.12
69.07 £ 5.0
63.5£13.0
62.3 £10.2
64.0 £ 13.2

RIPS or RIWS
W

W, P

Grading system
4 point scale (0-3)

5 point scale (0-4)

4 point scale (0-3)

5 point scale (0-4)

4 point scale (0-3)

4 point scale (0-3)

W: 4 point scale
(1-4)
P: 4 point scale (0-3)

4 point scale (0-3)

4 point scale (0-3)
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First Author
Shin YH

Sharma S

Akkaya T

Han DW

Chang HW

Jung SM

Choi YJ

Borgeat A

Cho KR

Yoon JS

Year
2011

2010

2008

2003

2005

2005

2012

1997

2014

2011

Study drugs
N/S 5 ml
MgSO, 5 mg/kg
MgSO4 10 mg/kg
MgSO, 20 mg/kg
100% O,

50% N2O
N/S 2 ml

lidocaine 30 mg
ketamine 0.5 mg/kg
rocuronium
Rocuronium + N/S 3 ml
Rocuronium + NaHCO3 3 ml
N/S 3 ml
ketamine 0.1 mg/kg
ketamine 0.2 mg/kg
ketamine 0.3 mg/kg

N/S 5 ml + rocuronium

2% lidocaine 5 ml + rocuronium
NaHCOj3 5 ml + rocuronium

lidocaine 2.5 ml + NaHCOs 2.5
ml+ rocuronium

N/S
remifentanil 1 mcg/kg
lidocaine 1.5 mg/kg
N/S
fentanyl 2 mcg/kg
N/S 1.5 ml
palnonosetron 0.075 mg
placebo po
ganapentin 600 mg

TABLE 1. Continued.

Number of patiens Age

50 41.7 £ 11.5
50 41.8+12.4
50 39.8 £134
50 40.9 £ 14.9
40 33.8 £11.0
40 339+104
40 385£95
40 37.7 £10.0
40 37.0 £ 12.1
20 38.1 £10.7
20 369+74
20 43.0 £ 8.3
20 37.8 £11.3
20 356 £122
20 372 £12.7
20 37.7 £ 114
30 39.4 £12.8
30 382+ 142
30 379 £13.8
30 334+ 134
31 394+ 124
31 42.7+9.8
32 439 +9.2
60 39+ 15

62 42 + 17

40 49.0 £+ 14.1
40 494 +15.2
40 589 +£83
42 60.0 £5.2

Weight
65.0£13.3
649 £ 133
659 £ 12.1
63.4+£104
57.6 £12.2

57.8 £10.7
729 £11.1

72.5 £ 10.8
76.7 £ 11.2
523+72
56.6 7.4
563 £6.8
64.0 £12.2
61.9 +12.9
59.8 £9.2
59.7+£9.7
61.6 = 10.7

63.7 £ 11.0
63.9 £12.8
67.5+93

63.6 £ 11.8
61.9+12.0
62.2+93
73+ 17
72 £18
60.0 £9.1
61.7 £ 11.5
64.9+99
63.8 £ 8.2

471

RIPS or RIWS Grading system
w 4 point scale (0-3)
W, P W: 2 point scale
(Yes, No)
P: 4 point scale (0-3)
W, P W: 4 point scale
(0-3)
P: 5 point scale (0-4)
P 4 point scale (0-3)
P 4 point scale (0-3)
W, P W: 4 point scale
(0-3)
P: 5 point scale (0-4)
w 4 point scale (0-3)
W 4 point scale (0-3) .
It
N (V)
w 4 point scale (0-3) S
8
w 4 point scale (0-3) g



First Author
Choi JH

Byun JH

Choi HG

Jeon YH

Wee SY

Jung KT

Lee SK

Year
2005

2005

2006

2013

2004

2014

2004

Study drugs
N/S 2 ml
ketamine 0.2 mg/kg
ketamine 0.5 mg/kg
N/S 2 ml
lidocaine 40 mg
0.5% metoclopramide 2 ml
rocuronium
rocuronium + SOBI 1 ml
rocuronium + SOBI 2.5 ml
rocuronium + SOBI 5 ml
rocuronium + SOBI 7 ml
N/S
lidocaine 20 mg
ketorolac 10 mg
lidocaine 20 mg + ketorolac 10 mg
N/S 3 ml
lidocaine 20 mg
lidocaine 40 mg
lidocaine 60 mg
N/S
lidocaine 40 g
ketamine 0.5 g/kg
remifentanil 1 cg/kg
N/S31
lidocaine 30 g
lidocaine 50 g
fentanyl 100 mcg

ondansetron 4 mg

TABLE 1. Continued.

Number of patiens
20
20
20
30
30
30
50
50
50
50
50
35
35
35
35
30
30
30
30
30
30
30
30
30
30
30
30
30

Age
40.3 £12.3
41.2+9.8
390114
299 +95
349+£93
314+ 124
40.3 £10.8
449 £+ 8.8
46.2 +£10.7
432+ 104
42.9 +£10.6
46.8 £ 11.5
48.5 £ 13.1
46.2 +16.3
472 £13.8
348 £13.5
331+ 114
38.1 £10.9
38.1 £10.9

43 + 12
41 + 14
42+ 10
46 + 14
36.6 £9.5
37.3£8.9
392 +£12.0
415+ 11.5
39.3+£9.7

Weight
59.4 £9.1
558 £8.5
56.7 £10.2
57.0 £ 8.8
559+£93
56.9+9.9
642 £9.1
58.8 £8.0
61.4 £10.1
61.3+9.2
63.1 £11.6
62.3+£93
59.7 £ 8.3
61.9+94
62.1 £10.6
60.0 £ 10.0
58.7£11.3
60.1 £7.5
61.4+9.8

63+ 12

63 +12

65+ 10

60 £+ 13
62.6 £11.5
61.4£10.5
64.2 + 14.0
66.6 + 12.1
63.7+9.8

RIPS or RIWS
P

Grading system
3 point scale (0-2)

4 point scale (0-3)

4 point scale (0-3)

4 point scale (1-4)

4 point scale (0-3)

4 point scale (0-3)

4 point scale (0-3)

JeyI eusis N~
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First Author
Ki HS

Ikram M

Hwang SH

Park SE

Cho HY

Ates G

Binarani M

Pandey Amitesh

Year
2005

2008

2003

2008

2007

2014

2017

2019

Study drugs
N/S 4 ml

ondansetron 4 mg
ondansetron 6 mg
ondansetron 8 mg
N/S 3 ml
lidocaine 30 mg
N/S 2 ml
lidocaine 10 mg
lidocaine 20 mg
lidocaine 30 mg
lidocaine 40 mg
N/S 5 ml
lidocaine 1 mg/kg
alfentanil 10 mcg/kg
N/S 0.1 ml/kg
1% lidocaine 0.5 mg/kg
1% lidocaine 1 mg/kg
fentanyl 1 mcg/kg
N/S 5 ml
lidocaine 40 mg
paracetamol 50 mg
N/S 5 ml

lidocaine 40 mg
paracetamol 50 mg
100% Oq

50% N2O

TABLE 1. Continued.

Number of patiens Age
20 41.6 £9.7
20 41.5+9.8
20 412 +6.7
20 40.6 = 7.8
60 Ooo.
60
50 45.6 £ 13.9
50 46.1 £ 12.7
50 473 £ 11.7
50 44.1 +12.8
50 47.8 £13.3
60 37.5+ 103
60 414493
60 40.7 £ 9.6
20 37.8 £11.0
20 39.1 £9.8
20 40.3 £11.0
20 39.1£9.5
60 35.58 £11.92
60 39.27 £ 11.81
60 36.45 £ 12.94
45 38.49 £+ 13.47
45 35.98 £ 12.26
45 38.07 £ 13.19
40 39.00 £ 13.55
40 35.85 £ 13.82

Weight
573 £8.38

57.5+£75

56.9 £ 8.3

57.0 £ 8.2
oo.

599 £11.2
61.1 £9.7
61.8 £9.1
62.1+£94
61.9 +10.9
60.5 £ 8.8
60.5 £ 8.5
63.9£9.6
64.1 +8.2
64.4 + 10.5
64.0 £ 7.6
63.8 + 84
74.95 £ 14.99
76.46 + 14.72
70.93 + 15.82
53.47 £8.17

55.64 £ 11.02
56.38 +10.29
53.800 £ 1.02

51.55 +£9.083

RIPS or RIWS Grading system
W, P W: 4 point scale
(1-4)
P: 4 point scale (0-3)
w 4 point scale (0-3)
P 4 point scale (0-3)
W 4 point scale (0-3)
w 4 point scale (0-3)
P 4 point scale (0-3)
W, P W: 4 point scale
(1-4)
P: 4 point scale (0-3)
W, P W: 2 point scale

(Yes, No)
P: 4 point scale (0-3)

81
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First Author
Eun SS

Honca M

Goo EK

Boota M

Jung KT

Jeon YH

Lee JI

Kim YH

KimYS

Year
2005

2013

2009

2017

2018

2010

2009

2007

2007

Study drugs
N/S 4 ml

lidocaine 60 mg
ondansetron 8§ mg

tramadol 50 mg

lidocaine 30 mg

tramadol 50 mg
sufentanil 10 mcg
meperidine 40 mg

N/S + rocuronium (5 : 1)
NaHCOg; + rocuronium (5 : 1)
lidocaine 20 mg
lidocaine 20 mg + ketorolac 10 mg
N/S 102 ml 100 ml/h
N/S nefopam 2 mg 100 ml/h
N/S 5 ml

lidocaine 40 mg

paracetamol 50 mg
N/S

lidocaine 1 mg/kg

rocuronium 0.06 mg/kg 2 minutes
before second large dose of
rocuronium

rocuronium bolus
rocuronium 5 mg/ml
rocuronium 3.3 mg/ml
rocuronium bolus

rocuronium 2 mg/ml

TABLE 1. Continued.

Number of patiens
30
30
30
30
50
50
50
50
70
70
45
45
38
38
39
39
40
50
51
50

21
21
21
40
40

Age
348 £ 13.5
38.1 £ 10.9
331£114
38.1 +£10.9
40.1 £ 114
423 £ 11.5
40.1 £11.8

38+ 114
43.0£ 15.6
445 £16.5
3348 £6.75
34.55 £6.17
42.6 £133
415+ 12.1
454 £ 11.1
459 £ 14.2
50.1 £ 10.6
47.0 £ 133
435+ 133
46.5 £ 12.1

472 £12.0
49.0 £ 14.0
41.5 £ 14.6
394+ 144
43.7+£ 139

Weight
60.0 £ 10.0
60.1 £7.5
58.7£11.3
61.4+£9.8
161.3 £5.7
160.7 £ 4.9
161.1 £5.6
160.2 + 6.6
63.3 £11.1
62.3 + 11.1

66.6 £12.9
62.9 £ 10.7
61.9 £9.7
61.2+ 8.8
62.0 £ 8.3
64.4 £ 11.1
65.0+11.9
63.4£11.7

59.1+73
57.6 7.4
59.7+ 6.8
57.6 74
59.7+ 6.8

RIPS or RIWS
P

4

Grading system
4 point scale (1-4)

4 point scale (0-3)

3 point scale (0-2)

4 point scale (0-3)

4 point scale (1-4)

4 point scale (1-4)

4 point scale (1-4)

4 point scale (0-3)

BMI; body mass index, D/W; distilled water, N/S; normal saline, P; rocuronium —induced pain response, PO, per OS, W; rocuroium-inducec withdrawal response.

JeyI eusis N~
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First Author

Abu-Halaweh SA

Ahmad N
Akcaboy ZN
An X

Aydin GB
Ayoglu H
Cakirgoz M
Cheong KF
Han DW
JooJ

Kim E

Kim JH
Kim KS
Kim YH
Lee HJ

Lee YC
Memis D
Park JT
Park KB
Singh M
Sivakumar S
Tuncaki B
Turan A
Uzun S
Yavascaoglu B
Zhang Y
Reddy MS
Shin YH
Sharma S
Akkaya T

Year

2013
2005
2012
2017
2014
2007
2018
2000
2007
2014
2013
2009
2006
2010
2009
2009
2002
2005
2017
2007
1999
2004
2003
2014
2007
2012
2001
2011
2010
2008

Bias arising from the
randomization process

Low
Low
Low
Some concern
Some concern
Some concern
Some concern
Low
Some concern
Some concern
Some concern
Some concern
Low
Some concern
Low
Low
Some concern
Some concern
Low
High
Low
Low
Some concern
Low
Some concern
Some concern
Low
Low
Low

Some concern

TABLE 2. Risk of bias assessment.

Bias due to deviations from  Bias due to missing
intended interventions

Low
Low
Low
Low
Low
Low
Low
Some concern
Low
Low
Low
Low
Low
Low
Some concern
Low
Low
Some concern
Low
Low
Low
Low
Some concern
Low
Low
Low
Low
Some concern
Low

Low

outcome data
Low
Low
Low
Low
Low
Low
Low
Low
Low
Low
Low
Low
Low
Low
Low
Low
Low
Low
Low
Low
Low
Low
Low
Low
Low
Low
Low
Low
Low

Low

the outcome
Low
Some concern
Low
Low
Low
Low
Low
Low
Some concern
Low
Low
Low
Low
Low
Some concern
Low
Some concern
Some concern
Low
Low
Low
Low
Some concern
Low
Low
Low
Low
Low
Low

Low

Bias in measurement of Bias in selection of the

reported result
Low
Low
Low
Low
Low
Low
Low
Low
Low
Low
Low
Low
Low
Low
Low
Low
Low
Low
Low
Low
Low
Low
Low
Low
Low
Low
Low
Low
Low

Low

Overall risk of
bias
Low

Some concern
Low

Some concern

Some concern

Some concern

Some concern

Some concern
High

Some concern

Some concern

Some concern
Low

Some concern
High
Low
High
High
Low
High
Low
Low
High
Low

Some concern

Some concern
Low

Some concern
Low

Some concern
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TABLE 2. Continued

First Author Year  Bias arising from the Bias due to deviations from  Bias due to missing  Bias in measurement of Bias in selection of the ~ Overall risk of
randomization process intended interventions outcome data the outcome reported result bias
Han DW 2003 Some concern Some concern Low Some concern Low High
Chang HW 2005 Low Low Low Low Low Low
Jung SM 2005 Low Low Low Some concern Low Some concern
Choi YJ 2012 Low Low Low Low Low Low
Borgeat A 1997 Low Low Low Low Low Low
Cho KR 2014 Low Low Low Low Low
Yoon JS 2011 Some concern Some concern Low Some concern Low High
Choi JH 2005 Some concern Some concern Low Some concern Low High
Byun JH 2005 Some concern Some concern Low Some concern Low High
Choi HG 2006 Some concern Some concern Low Some concern Low High
Jeon YH 2013 Low Low Low Low Low Low
Wee SY 2004 Some concern Some concern Low Low Low High
Jung KT 2014 Low Low Low Low Low Low
Lee SK 2004 Some concern Some concern Low Some concern Low High
Ki HS 2005 Low Low Low Low Low Low
Ikram M 2008 Some concern Low Low Low Low Some concern
Hwang SH 2003 Low Low Low Low Low Low
Park SE 2008 Some concern Some concern Low Low Low High
Cho HY 2007 Low Low Low Low Low Low
Ates G 2014 Low Low Low Low Low Low
Binarani M 2017 Low Low Low Low Low Low
Pandey Amitesh 2019 Low Low Low Low Low Low
Eun SS 2005 Some concern Some concern Low Some concern Low High
Honca M 2013 Low Low Low Low Low Low
Goo EK 2009 Low Low Low Low Low Low
Boota M 2017 Low Low Low Low Low Low
Jung KT 2018 Low Low Low Low Low Low
Jeon YH 2010 Low Low Low Low Low Low
Lee JT 2009 Low Low Low Low Low Low
Kim YH 2007 Low Low Low Low Low Low
KimYS 2007 Low Low Low Low Low Low
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TABLE 3. The GRADE evidence quality for each outcome.

Quality assessment

Outcomes Number of studies Quality
Risk of bias  Inconsistency Indirectness Imprecision Publication bias
RIWR 39 serious not serious not serious not serious not serious
L@
Moderate
RIPR 30 serious not serious  not serious  not serious not serious
@)
Moderate

RIWR; Rocuronium Induced Withdrawal Response, RIPR; Rocuronium Induced Pain.

patients during the induction of general anesthesia [7]. This
may increase the risk of venous catheter displacement, diffi-
culties with intravenous drug injection, pulmonary aspiration,
reflux of gastric contents, and the patient falling out of bed
[8]. Additionally, pain and emotional distress during the
induction of anesthesia may lead to bronchospasm, asthma,
and myocardial ischemia attacks [9].

Therefore, various strategies to prevent the rocuronium-
induced pain response (RIPR) and RIWR such as the use of
lidocaine [4, 10-22], opioids [4, 14, 23], B-blockers [17], anti-
histamines [24], nitrous oxide (N2O) [12, 25], magnesium
sulfate (MgSO,) [26], ketamine [20], and sodium bicarbonate
(NaHCO3) [27], as well as the dilution of rocuronium with
normal saline [5] have been attempted and suggested by anes-
thesiologists.

Although many studies have intensively investigated and
compared the effectiveness and efficacy of various strategies
at preventing RIPR and RIWR, their findings were diverse.
There have been several meta-analyses [3, 28, 29] that inte-
grated the results from various studies. However, each study
was limited to pair-wise meta-analysis and examined only two
or three pharmacological interventions. No previous network
meta-analysis (NMA) has yet compared the effectiveness and
efficacy of all available pharmacological interventions. Fur-
ther, these meta-analyses included old studies conducted prior
to 2014. Recently, newer pharmacological interventions and
methodologies to prevent RIPR and RIWR have been devel-
oped and proposed and large-scale and high-quality studies
have been published.

NMA complements traditional pair-wise meta-analysis by
combining direct and indirect comparisons of treatments. It
also provides an objective ranking of various treatments based
on the corresponding surface under the cumulative ranking
curve (SUCRA) [30]. Therefore, we reviewed all articles
that investigated the effects of pharmacological interventions
employed to prevent RIPR and RIWR and performed an NMA
to compare and quantify the rank order of effectiveness for
pharmacological interventions in preventing RIPR and RIWR
during general anesthesia.

2. Methods

2.1 Protocol and registration

We developed the protocol for this systematic review and
NMA according to the preferred reporting requirements for
systematic review and meta-analysis protocol (PRISMA-P)
statement [31]. We registered the protocol in the PROSPERO
network (registration number: CRD42019145893; www.crd.
york.ac.uk/prospero) on November 6, 2019.

This systematic review and NMA of pharmacological in-
terventions for preventing RIPR and RIWR was performed in
accordance with the protocol recommended by the Cochrane
Collaboration [32] and was reported according to the PRISMA
extension for NMA guidelines [33].

2.2 Eligibility criteria
2.2.1 Inclusion criteria

We only included randomized controlled trials (RCTs)
that compared two or more pharmacological interventions
employed to prevent RIPR and RTWR.

The PICO-SD information was as follows:

1. Patients (P): all patients that received rocuronium injec-
tion under general anesthesia.

2. Intervention (I): pharmacological interventions to prevent
RIPR and RIWR, which may be applied in various ways
(intravenous bolus, intravenous continuous infusion, a mixture
with other pharmacological agents, or inhalational).

3. Comparison (C): other pharmacological interventions,
placebo, or no treatment.

4. Outcome measurements (O): the outcomes are the inci-
dence of RIPR and RIWR.

5. Study Design (SD): RCTs.

2.2.2 Exclusion criteria

1. Review articles, case reports, case-series, letters to the
editor, commentaries, proceedings, laboratory science studies,
and all other irrelevant studies.
2. Studies that failed to report the outcomes of interest.
There were neither language limitations nor date restrictions
in our study.

2.3 Information sources and search strategy

We searched MEDLINE, EMBASE, the Cochrane Central
Register of Controlled Trials (CENTRAL), Google Scholar


www.crd.york.ac.uk/prospero
www.crd.york.ac.uk/prospero
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102 records

identified through database searching

identified through hand searching

59 records

158 records

after 3 duplicates removed

v

158 records

screened with titles and abstracts

> 68 records excluded

A4

90 full-text articles

assessed for eligibility

Excluded (n = 29);

h

» Pediatrics (n = 20)
* Meta-analysis (n=2)

A 4

* Unavailable outcomes (n=7)

61 studies

included for meta-analysis

FIGURE 1. PRISMA flowchart of included and excluded trials.

using search terms related to pharmacological interventions for
the prevention of RIPR and RIWR from inception to Mar 2020.

The search terms used in MEDLINE and EMBASE are
presented in the Supplementary material. Reference lists were
imported into Endnote software 8.1 (Thompson Reuters, CA,
USA) and duplicate articles were removed. Additional but
relevant articles were identified by scanning the reference lists
of articles obtained from the original search.

2.4 Study selection

The titles and abstracts identified through the search strategy
described above were reviewed independently by two inves-
tigators (SKP and GJC). To minimize data duplication due to
multiple reporting, papers from the same authors, organization,
or country were compared. Articles that met the inclusion
criteria were assessed separately by two investigators (SKP and
GJC) and any disagreements were resolved through discussion.
In cases where agreement could not be reached, disputes were
resolved with the help of a third investigator (HK).

2.5 Data extraction

Using a standardized extraction form, the following data were
extracted independently by two investigators (SKP and YJC):

1) title, 2) name of first author, 3) name of journal, 4) year
of publication, 5) study design, 6) type of pharmacological
intervention, 7) dose of pharmacological agents, 8) country,
9) risk of bias, 10) inclusion criteria, 11) exclusion criteria, 12)
age, 13) number of subjects, 14) incidence of RIPR, and 15)
incidence of RIWR.

If the provided information was inadequate or missing,
attempts were made to contact the study authors and
additional information was requested.  If unsuccessful,
missing information was calculated from the available
data if possible or extracted from figures using the
open source software Plot Digitizer (version 2.6.8;
http://plotdigitizer.sourceforge.net).

2.6 Risk of bias assessment

The quality of the studies was independently assessed by two of
the study’s authors (SKP and HK) using the Revised Cochrane
risk of bias tool for randomized tria (RoB 2.0). Risk of bias
was assessed in the following domains: bias arising from
the randomization process, bias due to deviations from the
intended intervention, bias due to missing outcome data, bias in
outcome measurement, and bias in the selection of the reported
results. Based on the results of the risk of bias assessment, a
formal overall risk of bias rating was assigned to each study as


http://plotdigitizer.sourceforge.net)
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FIGURE 2. Network plot of included studies comparing different pharmacological strategies. The nodes show a
comparison of pharmacological regimens to prevent rocuronium induced pain responses and rocuronium induced withdrawal
responses, and the edges show the available direct comparisons among the pharmacological regimens. The nodes and edges are
weighed on the basis of the number of included patients and inverse of standard error of effect. A) rocuronium induced withdrawal
response, B) rocuronium induced pain response.
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Peni; peniramine, Remi; remifentani, Sobi; NaHCOs3, Sufe; sufentanil, Sobi_mix; mixed with NaHCOg3, Tram; tramadol, Thio;

thiopental.

LEINNT3

follows: “low risk of bias”,
bias” [34].

some concern”, or “high risk of

2.7 Statistical analysis

Ad hoc tables were created to summarize data from the in-
cluded studies by listing their key characteristics and any
important questions related to the review objectives. After
extracting the data, the investigators determined the feasibility
of a meta-analysis.

A multiple-treatment comparison NMA is a meta-analysis
generalization method that includes both direct and indirect
comparisons of treatments. A random-effects NMA based on
a frequentist framework was performed with STATA software
(version 15; StataCorp LP, College Station, TX) using the
mvmeta command and NMA graphical tools developed by
Chaimani et al. [35]. STATA command used for this network
meta-analysis was presented in the supplementary file.

Before conducting the NMA, we evaluated the transitivity
assumption by examining the comparability of the risk of bias
(all vs. removing studies with a high risk of bias arising
from the randomization process, bias in the measurement of
outcomes, and the overall risk of bias), demographics, and
types of pharmacological interventions as potential treatment-
effect modifiers across comparisons.

A network plot linking the pharmacological agents used
to prevent RIPR or RIWR and their combination with other

pharmacological agents was created to depict the types of phar-
macological interventions employed, the number of patients
treated with different pharmacological agents, and the level
of pair-wise comparisons. The nodes showed the pharmaco-
logical interventions being compared and the edges showed
the available direct comparisons among the pharmacological
interventions. The nodes and edges were weighed based on
the number of patients and the inverse of the standard error of
effect.

We evaluated the consistency assumption for the entire net-
work using the design-by-treatment interaction model. In
addition, we evaluated each closed loop in the network to
evaluate local inconsistencies between the direct and indirect
effect estimates for the same comparison. For each loop,
we estimated the inconsistency factor (IF) as the absolute
difference between the direct and indirect estimates for each
paired comparison in the loop [36].

The mean summary effects with the confidence interval
(CI) were presented together with their predictive intervals
(Prls) to facilitate the interpretation of the results, taking into
consideration the magnitude of heterogeneity. Prls provide an
interval that is expected to encompass the estimated period a
future study will be conducted.

A rankogram and cumulative ranking curve were drawn
for each pharmacological agent. Rankogram plots indicate
the probability that a treatment will assume a specific rank
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FIGURE 4. Comparison-adjusted funnel plot. (A) rocuronium induced withdrawal response, (B) rocuronium induced pain

response.

according to a specific outcome. We used the SUCRA values
to represent the hierarchy of the pharmacological agents with
regard to the incidence of RIPR or RIWR. SUCRA is a relative
ranking measure that accounts for uncertainty in the treatment
order, i.e. both the location and variance of all relative treat-
ment effects. A higher SUCRA value is regarded as a more
positive result for an individual intervention [37].

A comparison-adjusted funnel plot was used to assess the
existence of small-study effects [38].

2.8 Quality of the evidence

The evidence grade was determined using the guidelines for
the Grading of Recommendations, Assessment, Development,
and Evaluation (GRADE) system, which sequentially assesses
the evidence quality followed by assessing the risk—benefit
balance and subsequently judging the strength of the recom-
mendations [39].
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3. Results

3.1 Study selection

From MEDLINE, EMBASE, Cochrane Central Register of
Controlled Trials (CENTRAL), and Google Scholar, 102 stud-
ies were initially identified and a subsequent manual search
revealed 59 additional studies. After adjusting for duplicates,
158 studies remained. Of these, 68 studies were discarded after
reviewing their titles and abstracts.

The remaining 90 studies were reviewed in detail, after
which 29 studies were excluded for the following reasons:
pediatric study [7, 40—58], meta-analysis [3, 59], and did not
report the outcomes of interest [60—66]. Thus, 61 studies
met the inclusion criteria and were included in this systematic
review and meta-analysis (Fig. 1). The kappa value for the
selected articles between the two reviewers was 0.826.

3.2 Study characteristics

Table ?? summarizes the characteristics of the 61 studies that
met the inclusion criteria. The pharmacological strategies used
to prevent RIPR or RIWR consisted of lidocaine (Lido) [4, 10—
22,27,67-82,82,84-91], fentanyl (Fent) [4, 14,23, 67, 75, 82,
88], oxycodone (Oxyc) [92], deketoprofen [93], dexmedetomi-
dine (Dexm) [10, 11], a combination of dexmedetomidine and
lidocaine (Dexm + Lido) [10], gabapentin (Gaba) [9, 94], NoO
[12,25,95], a combination of lidocaine and N, O (Lido + N2 O)
[12, 16], remifentanil (Remi) [70, 72, 96], alfentanil (Alfe) [27,
74, 96], natamostat mesilate [97], peniramine (Peni) [24], nor-
mal saline dilution (NS_dilu) [5, 98—104], rocuronium mixed
with lidocaine (Lido mix) [5, 54], ondansetron (Onda) [14,
85, 88, 91, 105], tramadol (Tram) [14, 21, 91], thiopental
(Thio) [106], palonosetron (Palo) [15, 107], esmolol (Esmo)
[17], MgSOy, [26, 27], ketamine (Keta) [20, 69, 108, 109],
ketorolac (Keto) [19], a combination of lidocaine and ketorolac
(Lido + Keto) [19, 77], sufentanil (Sufe) [21, 82], meperidine
(Mepe) [21], metoclopramide (Meto) [86], NaHCO3(Sobi)
[27], rocuronium mixed with NaHCO3 (Sobi_mix) [54, 98,
101, 103, 104, 110], a combination of lidocaine and NaHCOg
(Lido + Sobi) [98], parecoxib (PCoxib) [84], paracetamol
(Para) [76, 78, 90, 111], and ephedrine (Ephe) [80].

3.3 Study quality assessment

Table 2 presents the risk of bias assessment for the included
studies performed using the Revised Cochrane risk of bias tool
for randomized trials (RoB 2.0).

3.4 Synthesis of results

For all outcomes for each specific datum, we generated the
network plot (Fig. 2), inconsistency plot (Fig. S1), predictive
interval plot compared with placebo (Fig. S2), rankogram
(Fig. S3), cumulative ranking curve (Fig. S4), expected
mean ranking and SUCRA values for each pharmacological
agent with the outcomes (Fig. 3), and the comparison-adjusted
funnel plot (Fig. 4). Figs. 2-4 and supplementary Figs. 1-
4 present a summary of the results (A and B in each Figure
correspond to RIWR and RIPR, respectively).
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3.5 Rocuronium-induced withdrawal
response

In total, 39 studies (4,631 patients) measured the withdrawal
response in adults. Fig. 2A depicts the network plot of all
eligible comparisons for this endpoint. After examining the
comparability of the risk of bias, demographics, and types
of pharmacological interventions as potential treatment-effect
modifiers, we concluded the transitivity assumption was not
violated.

Although all 28 management modalities (nodes) were con-
nected to the network, two comparisons [control (Cont) and
Lido] were more directly comparable than the other 26 nodes.

The evaluation of network inconsistency using the design-
by-treatment interaction model suggested no significant incon-
sistency [x? (24) = 28.10, P = 0.2560].

Twenty-eight loops were closed in the network generated
from the comparison of the withdrawal response in adults, but
six loops (Cont-Keto-Lido + Keto [71], NS_dilu-Sobi_mix-
Lido + Sobi [98], and Lido_mix-Sobi_mix-Lido + Sobi [98])
consisted of only multi-arm trials. Although most loops
showed no significance in the local inconsistency between
the direct and indirect point estimates, two loops (Lido-
Remi-Alfe and Lido-Dexm-Dexm + Lido) showed significant
inconsistency (Fig. S1A).

Oxyc, Esmo, Lido + Keto, and Alfe administration resulted
in a lower frequency of RIWR than the control in terms of the
95% CI and Prls. Lido + Sobi, Sobi_mix, Lido + N,O, Remi,
Lido_mix, NO, Thio, Gaba, Dexm + Lido, Palo, Fent, Dexm,
Lido, and Para administration resulted in a lower frequency
of RIWR than the control only in terms of the 95% CI (Ap-
pendix 1, Fig. S2A). The lack of significance in the 95% Prls
suggests that future RCTs may change the significance of the
efficacy of these comparisons. The rankogram showed that
Lido + Sobi and Esmo had the lowest frequency of RIWR in
adults (Fig. S3A). The cumulative ranking plot was created
and the SUCRA probabilities of the different pharmacological
interventions to prevent RIWR were calculated (Fig. S4A).

The expected mean rankings and SUCRA values for each
pharmacological intervention employed to prevent RIWR are
presented in Fig. 3A.

According to the SUCRA values, the frequency of RIWR
was lowest with the administration of Oxyc (86.7%), Lido
+ Sobi (86.1%), Lido + Keto (86.1%), Esmo (81.8%), Alfe
(72.2%) and Sobi_mix (66.4%).

The comparison-adjusted funnel plots showed that the fun-
nel plots were symmetrical around the zero line, which sug-
gested a lower likelihood of publication bias (Fig. 4A).

3.6 Rocuronium-induced pain response

In total, 30 studies (3,835 patients) measured the pain re-
sponse in adults. Fig. 2B presents the network plot of all
eligible comparisons for this endpoint. After examining the
comparability of the risk of bias, demographics, and types
of pharmacological interventions as potential treatment-effect
modifiers, we concluded the transitivity assumption was not
violated.

Although all 23 management modalities (nodes) were con-
nected to the network, two comparisons (Cont and Lido) were
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more directly comparable than the other 21 nodes.

The evaluation of the network inconsistency using
the design-by-treatment interaction model suggested no
significant inconsistency [x? (27) = 37.12, P = 0.0928].

There were 43 closed loops in the network generated from
the comparisons of the pain response in adults, but 10 loops
(Cont-Sobi-MgS0O4[27], Cont-Sobi-Alfe [27], Cont-MgSOy4-
Alfe [27], Lido-Sobi-MgSO4 [27], Lido-MgSO4-Alfe [27],
Lido-Sobi-Alfe [27], Sobi- MgSOy4-Alfe [27], NS _dilu-
Lido mix-Lido + Sobi_mix [98], Sobi mix-Lido mix-Lido
+ Sobi [98], and Sufe-Tram-Mepe [21]) consisted of only
multi-arm trials. All loops showed no significance in the local
inconsistency between the direct and indirect point estimates
(Fig. S1B).

Sobi_mix, NoO + Lido, Lido + Sobi, Lido mix, MgSO,,
Lido, N2O, Meto, NS_dilu, Sobi, Esmo, Remi, PCoxib, Keta,
Mepe, Alfe, Para, Onda, and Tram administration resulted in a
lower pain response frequency than the control in terms of the
95% CI and PrI (Appendix 2, Fig. S2B).

The rankogram and cumulative ranking plot showed that
Sobi_mix induced the lowest frequency of RIPR (Fig. S3B,
4B).

The expected mean rankings and SUCRA values for each
pharmacological agent showed that Sobi_mix (99.3%) was fol-
lowed by Lido + Sobi (92.7%), NoO + Lido (92.4%), Lido_mix
(83.3%), and Lido (71.7) (Fig. 3B).

The comparison-adjusted funnel plots showed that the fun-
nel plots were symmetrical around the zero line, which sug-
gested a lower likelihood of publication bias (Fig. 4B).

3.7 Quality of the evidence

Three outcomes were evaluated using the GRADE system.
The quality of evidence for RIWR and RIPR was moderate
(Table 3).

4. Discussion

Our study showed a decreasing incidence of RIWR in the order
of Oxyc, Lido + Sobi, Lido + Keto, Esmo, Alfe, and Sobi_mix,
and a decreasing incidence of RIPR in the order of Sobi_mix,
Lido + Sobi, N3O + Lido, Lido_mix, and Lido.

RIWR-or even generalized movements-may be associated
with severe pain during rocuronium administration [23]. Al-
though the mechanisms underlying RIPR and RIWR remain
unclear, the low pH of rocuronium is considered a potential
cause of the pain, as rocuronium is an acidic solution (pH 4.0)
with sodium acetate, acetic acid, or sodium hydroxide [13].
Direct stimulation to free nerve endings in the vessel wall, thus
activating C-nociceptors [112, 113], and indirect stimulation
of chemonociceptors by the release of endogenous mediators
such as histamine, bradykinin, kinin, and other substances [9]
are suggested mechanisms.

This may explain the findings in the present NMA that
the administration of Sobi_mix with rocuronium to neutralize
the acidic solution was the most effective pharmacological
strategy to reduce RIPR and the sixth most effective pharma-
cological strategy to reduce RIWR.

These results are in close agreement with a previous report
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by Kwak et al. [29] in which the incidence of RIWR was lower
with an NaHCOg3 admixture compared to that with other phar-
macological interventions (ketamine, lidocaine, and lidocaine
or opioids with venous occlusion). Although the results of
direct comparisons were not presented, NaHCO3 showed an
excellent prophylactic effect against RIWR in another meta-
analysis (relative risk, 0.35; 95% CI, 0.20-0.60) [3].

Further, our NMA showed that Lido + Sobi was the second-
most effective pharmacological strategy to prevent both RIWR
and RIPR amd Lido + Sobi showed more effectiveness than
Lido alone in terms of RIWR and RIPR. Although Lido +
Sobi was expected to have a local anesthetic effect in addition
to a neutralizing effect, some investigators insisted that the
prophylactic effect of Lido + Sobi against RIWR is due to the
neutralization and dilution effects rather than a local anesthetic
effect or an inhibitory effect on the release of kinin [114].

The acidity of rocuronium also provides a rationale for the
attenuation or avoidance of pain evocation from the injection
by dilution with normal saline [115] and our NMA showed
that NS_dilu was effective at reducing RIPR in terms of both
the 95% CI and Prl. However, Kim and Yoon et al. reported
that 0.9% normal saline mixed with rocuronium decreased
injection pain without changing the pH or osmolarity [116].

In our NMA, lidocaine was shown to reduce both RIWR
and RIPR regardless of the administration method such as
bolus injection as pretreatment (Lido), admixtures with rocuro-
nium (Lido_mix), or co-administration with another medica-
tion (Lido + Keto, Lido + Sobi, Dexm + Lido, or Lido +
N20O). Although lidocaine bolus injection and Lido_mix only
decreased the RIWR in terms of the 95% CI, they decreased
the RIPR in terms of both the 95% CI and Prl. Further, Lido
+ Keto was effective at reducing RIWR in terms of both the
95% CI and PrlI while Lido + Sobi, Lido + N5O, and Lido +
Dexm decreased the frequency of RIWR in terms of the 95%
CI. Lido + Sobi and Lido + N3O decreased the frequency of
RIPR in terms of both the 95% CI and Prl. The mechanism
through which lidocaine reduces RIPR and RIWR is known to
be a local anesthetic effect in the veins and the stabilization of
the kinin cascade [117].

Opioids are some of the most commonly used interventions.
Compared to the control, our study showed that RIWR was
decreased with Oxyc and Alfe administration in terms of both
the 95% CI and PrI, and with Remi and Fent administration in
terms of the 95% CI. Remi, Mepe, and Alfe decreased RIPR
in terms of both the 95% CI and Prl compared to the control.
As drugs with a central analgesic effect need more time to
reach the effect site [4] and opioids need time to show an
effect in preventing RIPR and PIWR, opioids were believed
to exert their effect through a central rather than peripheral
mechanism in RIWR studies [96]. Stein et al. demonstrated
that several selective opioid agonists (i1, §, and k) can modulate
responses to noxious stimulation by algogenic substances such
as rocuronium through a peripheral opioid receptor-specific
site of action in inflammation and that x receptor agonists
may be effective as peripheral analgesics [118]. In addition,
the mechanism of the local anesthetic effect of opioids was
known to be receptor-mediated or a nonspecific membrane-
conduction blocking effect [40]. In our study, oxycodone was
the second-most effective opioid for preventing RIWR, which
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may be explained by the high affinity of oxycodone for the
k receptor rather than the p receptor [119]. Animal studies
have also shown that the antinociceptive effect of oxycodone
appears to be mediated by the « receptor [120—122]. Reducing
the excitability of nerve cells through interactions with the G-
protein is another suggested mechanism for oxycodone [123].

Esmolol is also effective at reducing RIWR and RIPR.
Esmolol is an ultra-short-acting 31 receptor antagonist. Chia
et al. reported that intraoperative esmolol injection reduced the
postoperative opioid requirement and attenuated the intraoper-
ative nociceptive stimulation [17]. Hageluken ef al. demon-
strated that a 8 antagonist acts on G proteins in isolated cell
membranes [124]. A G protein receptor agonist acts upon the
pre-synaptic inhibition of neurotransmitter release and post-
synaptic inhibition through the regulation of voltage-gated
Ca?*channels, which is known to resemble the antinociceptive
mechanism of clonidine [125].

Lido + N3O also showed efficacy in reducing RIWR and
RIPR, potentially due to the synergistic effect of the central
and partial antinociceptive effect of NoO and the local anes-
thetic effect of lidocaine. This is because NoO reportedly
interacts with various receptors such as opioid (u, &, and
k), y-aminobutyric acid (GABA), and N-methyl-d-aspartate
(NMDA) receptors [43]. However, careful interpretation may
be warranted for RIPR because the possibility of fewer pain
complaints due to the sedative effect of NoO cannot be ruled
out.

The authors of this NMA acknowledge several limitations in
this study. First, the methodological quality of some included
studies was poor. The randomization method was not stated
clearly in most trials and few trials reported the blinding of
the outcome assessors. Blinding and allocation concealment
were unreported in these RCTs, indicating a potential risk of
bias. Second, as with all meta-analyses, there were clinical
and methodological heterogeneities among the 65 studies. As
our NMA was based on various small-scale single-center trials,
there was a lack of evidence for some interventions and some
study designs were under-represented. These studies may not
provide sufficient power to clearly discriminate the effective-
ness of the pharmacological interventions. Third, although all
included studies compared the effects of two or more phar-
macological interventions as modalities for preventing RIWR
or RIPR, the dose spectrum of pharmacological interventions
differed among the studies.

Despite the above limitations, our systematic review and
NMA demonstrates the strengths of a rigorous methodology
with a sensitive search strategy and is the first NMA to compare
and quantify the rank order of effectiveness for pharmacologi-
cal interventions employed to prevent RIWR and RIPR during
general anesthesia.

In conclusion, lidocaine administration has been shown
to reduce the incidence of RIPR regardless of the injection
method or combination. A combination of lidocaine and
NaHCOj3 or the mixture of NaHCO3zwith rocuronium was
effective at reducing RIWR. In particular, oxycodone was
shown to be more effective than the other opioids evaluated
and esmolol was also found to be effective at reducing RIWR.
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