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Abstract
Background: Rocuronium-associated injection pain/withdrawal response (RAIPWR) was non-ideal but
occurred frequently when injection intravenously during anesthesia induction. Many studies had reported
that pretreating with antipyretic analgesics (AAs) could reduce the occurrence of RAIPWR, but there was no
consensus yet. Therefore, this meta-analysis was designed to systematically evaluate the bene�ts of AAs
on RAIPWR in patients. Methods: PubMed, Cochrane Library, Ovid, EMbase, Chinese National Knowledge
Infrastructure (CNKI), Wan Fang Data were searched by January 1 st 2019 for randomized controlled trials
(RCTs) applying AAs to alleviate RAIPWR in patients underwent elective surgery under general anesthesia.
Two investigators assessed quality of RCTs and extracted data respectively and the meta-analysis was
carried on Revman 5.3 software. Moreover, we compared AAs in pros and cons directly with lidocaine, the
most reported medicine to prevent RAIPWR. Results: Data were analyzed from 9 RCTs totaling 819 patients.
The results of Meta-analysis showed that compared to the control group, pretreating with AAs could prevent
the total occurrence of RAIPWR  [Risk ratio (RR), 0.52; 95% con�dence interval (CI), 0.42 to 0.66; P < 0.0001],
and took effect on moderate (RR, 0.56; 95%CI, 0.43 to 0.73; P<0.0001) and severe RAIPWR (RR=0.14; 95%CI,
0.08 to 0.24; P<0.00001). When compared to lidocaine, the preventive effect was not so excellent as the
latter but injection pain induced by prophylactic occurred less. Conclusion: The currently available evidence
suggested that pretreating with AAs intravenously could alleviate RAIPWR.

Background
Rocuronium, a timely nondepolarizing muscle relaxant, is routinely applied in clinical anesthesia practice,
and also an alternative to succinylcholine in rapid sequence induction [1] without side effects such as
cardiovascular response, elevating blood potassium, or inducing myoclonus [2]. However, without preventive
measures, about 50%-80% [3-5] of patients experienced injection pain, and even in anesthetized patients,
withdrawal movement of the arm which may soon extend to the whole body could be motivated by
rocuronium injection. How to reduce the side effect of rocuronium is of signi�cant importance of its clinical
application.

Antipyretic analgesics (AAs) are a well-known category of drugs that have long been identi�ed safe and
effective to control acute postoperative pain and long-term chronic pain [6-8]. In recent years, some clinical
trials reported the preventive effect of AAs on rocuronium-associated injection pain/withdrawal response
(RAIPWR), but systematic review regarding the e�cacy as yet has not been addressed. Thus, we aimed to
assess the effectiveness of several widely used AAs of eliminating RAIPWR by conducting a Meta-analysis.

Methods
Source of data and search strategy

The study was conducted and presented in accordance with the systematic review guideline[9], and the
study protocol was registered with the International Prospective Register of Systematic Reviews
(https://www.crd.york.ac.uk/prospero/#recordDetails) with the ID of CRD42019129776. Two investigators

https://www.crd.york.ac.uk/prospero/#recordDetails
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independently searched PubMed, Cochrane Library, Ovid, EMbase, Chinese National Knowledge
Infrastructure (CNKI) and Wan Fang data electronically for randomized controlled trials (RCTs) published by
January 1st 2019 applying AAs to alleviate RAIPWR. Search terms included: antipyretic analgesics,
acetaminophen, paracetamol, parecoxib, ketorolac, �urbiprofen, lornoxicam, rocuronium, injection pain,
withdrawal. To identify all available evidence, we scanned the references cited in RCTs revolved and reviews
with similar subject for eligible studies manually.

Study selection

This system review and meta- analysis recruited RCTs meting the following criteria only:

1. Surgical patients involved in were at ASA physical status I to II and aged 2 to 75 years old.

2. Rocuronium was utilized during general anesthesia induction, and AAs were applied intravenously to
prevent RAIPWR while placebo or normal saline was used in the controlled group.

3. The �rst outcomes of interest were the total incidence of RAIPWR and the occurrence of three degrees
of RAIPWR (mild, moderate and severe). The secondary outcomes were the incidence of RAIPWR and
adverse reactions of medicines used for pretreatment (AAs and lidocaine). Besides, quantitative data of
outcomes were reported.

4. Outcome measurement methods: a) severity of injection pain from rocuronium was graded as follows:
none, negative response to questioning; mild, pain reported in response to questioning only, without any
behavioral signs; moderate, pain reported in response to questioning and accompanied by a behavioral
sign, or pain reported spontaneously without questioning; severe, strong vocal response or response
accompanied by facial grimacing, arm withdrawal, or tears. b) The severity of rocuronium-induced
withdrawal response was rated as follows: none, no response; mild, movement at the wrist only;
moderate, movement/withdrawal involving arm only (elbow/shoulder); severe, generalized response,
withdrawal or movement in more than one extremity, coughing, or breath holding[5]. c) Adverse
reactions of preventative medicine were evaluated by systemic (mainly cardiovascular reaction, such as
hypertension, hypotension, tachycardia, bradycardia, etc.) and local reactions (the condition of injection
site, such as edema, �ushing or allergic reaction).

Initially, titles and abstracts were screened to discard unrelated studies and the full text of potentially eligible
studies were carefully read. Then, data on the following items would be extracted: author, published year,
location of trial, type of surgery, ASA status, sample size, patient age range, type and dosage of AAs, the
outcome assessment and so on. Study screening and data export were �nished by two researchers
respectively (Jia Wang, Jianfeng Chen), and then the works were exchanged for rationality and accuracy. If
any disagreements, the third researcher (Yu Cui) would interpose and make the �nal decision when
necessary.

Risk of bias assessment

When an RCT met the aforementioned selection criteria, its methodological quality was assessed on the
basis of the suggestions in the Cochrane Handbook for Systematic Reviews of Interventions [9], and the
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evaluation contents contained seven domains: 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) and other bias. In each special aspect of risk was graded as “yes” for low risk, “unclear” and
“no” for high risk. We included a ‘Risk of bias’ detailing all of the judgements made for all included studies in
the review.

Statistical methods

Meta-analyses were carried out by Review Manager software (RevMan, version 5.3 for Windows, Oxford, UK;
The Cochrane Collaboration, 2008). The categorical variable was expressed in relative risk (RR) with its 95%
con�dence interval (95%CI), and the continuous variable was expressed in weighted mean deviation (WMD)
with 95%CI. We considered P < 0.05 and RR not crossing the identity line as statistically signi�cant.
Heterogeneity among studies was assessed using both the χ2 test and the I² statistic. If I2≤50%, we
considered there was no homogeneity among studies and the �xed-effects model was eligible; On the
contrary, when I2>50%, indicating signi�cant heterogeneity, and the random-effects model was applied for
meta-analysis. In terms of outcomes with heterogeneity, an effort was made to explore the source, mainly
via conducting meta-analysis strati�ed by patients’ characters, severity of RAIPWR and administration route
of AAs, etc. We also conducted sensitivity analysis by removing studies in sequence.

Results
Description of studies

 We initially identi�ed 84 records according to the retrieval strategy aforementioned, and 9 [10-18] of them
involving 819 patients were included eventually according to the inclusion and exclusion criteria (Fig. 1
PRISMA diagram showing article selection for this review). Six kinds of AAs (acetaminophen/paracetamol,
parecoxib, ketorolac, �urbiprofen, lornoxicam and propacetamol) were reported to be used for preventing
RAIPWR through two routes of intravenous administration. One was intravenous directly (IV), the other was
injecting with venous occlusion (IVVO) by tourniquet. The basic characteristics of enrolled studies were
listed in Table 1 (Table1 Characteristics of studies included in Meta-analysis).

Evaluation of Methodological Quality

Meticulous details regarding the risk of bias in each aspect of included studies were presented in the Risk of
bias graph (Fig.2 Risk of bias graph). Moreover, a summary of judgements about each methodological
quality domain for each included RCT was shown in Figure 3 (Fig.3 Risk of bias summary). In general, most
of studies were assessed to be of low to moderate risk of bias, and reporting bias and selective bias turned
out to be the main risk of bias in this study.

The incidence of RAIPWR
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In this meta-analysis, 9 RCTs [10-18] with 819 patients were included and reported the incidence of total and
different severities of RAIPWR. Statistical heterogeneity (P<0.00001, I2=74%) was found among them, thus
a random-effects model was adopted to conduct meta-analysis and the result showed the preventive effect
of AAs on total RAIPWR was signi�cant [Risk ratio (RR), 0.52; 95% con�dence interval (95%CI), 0.42 to 0.66;
P < 0.0001;I2=73%] (Fig.4 AAs vs. control-the total incidence of RAIPWR). We further conducted subgroup
analysis strati�ed by severity of RAIPWR and method of administration of AAs. The results which operated
under �xed-effects model showed that AAs were able to drop down the incidence of moderate RAIPWR
notably (RR, 0.56; 95%CI, 0.43 to 0.73; P<0.0001; I2=39%) and the occurrence of severe RAIPWR (RR, 0.14;
95%CI, 0.08 to 0.24; P<0.00001; I2=0%). In terms of the mild RAIPWR, AAs hadn’t shown signi�cant effect
(RR, 0.88; 95%CI, 0.69 to 1.13; P=0.32; I2=43%). Generally, the results seemed to reveal that the more serious
the degree of RAIPWR was, the more obvious the effect of AAs was (Figure 5 AAs vs. control-the incidence
of different severities RAIPWR). In addition, the results strati�ed by administration method of AAs indicated
that AAs could reduce the incidence of RAIPWR no matter with (RR, 0.56; 95%CI, 0.43 to 0.72; P<0.0001;
I2=72%) or without tourniquet (RR, 0.46; 95%CI, 0.35 to 0.60; P<0.00001; I2=9%) under the random-effects
model (Fig. 6 Incidence of RAIPWR-subgroup analysis of different administration methods).

Comparison of AAs and lidocaine (Fig.7 AAs vs. lidocaine- a. the incidence of RAIPWR; b. the incidence of
injection pain from preventive drugs)

The incidence of RAIPWR

There were 6 studies [10-14,16] which reported the effect of AAs and lidocaine on preventing RAIPWR. The
result in the �xed-effects model showed that RAIPWR occurred more frequently in patients pretreated with
AAs than lidocaine, indicating AAs were not so e�cient as lidocaine on preventing RAIPWR (RR= 1.43,
95%CI (1.16, 1.77), P=0.001; I2 =21%). (Fig 7a the incidence of RAIPWR)

The side effect of AAs and lidocaine

There were 3 studies[10,13-14] which reported the occurrence of injection pain of prevention drugs which
were used with the purpose of reducing the RAIPWR when administrated via intravenous, and no
statistically heterogeneity among them (P = 0.99, I² = 0%), so the �xed-effects model was utilized. The result
suggested the incidence of injection pain of AAs was lower than that of lidocaine, and the difference was of
statistically signi�cance (RR,0.43; 95%CI, 0.23 to 0.80; P=0.008; I2=0%). (Fig 7b the incidence of injection
pain from preventive drugs)

No systemic adverse effect and skin reactions at injection site was reported.

Sensitivity analysis

High levels of heterogeneities arose when exploring the effect of AAs on total incidence of RAIPWR and the
subgroup analysis strati�ed by administration methods of AAs (73% and 70% respectively), and both of
them disappeared when excluded one of studies [14]. Whereas, the results were consistent with that before
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excluding the given study in the �xed-effects model, indicating that the evaluation of corresponding effect
size was stable and reliable in our Meta-analysis. (Table 2 Sensitivity analysis

Discussion
During anesthesia induction period, injection pain/withdrawal response from rocuronium occurred
frequently. This meta-analysis included 9 RCTs involving 819 patients, and the observable endpoints were
the incidence of total and different severities of rocuronium-induced injection pain/withdrawal response.
The results indicated that AAs were effective in preventing, especially for moderate and severe RAIPWR,
though not as effective as lidocaine. Our secondary outcome, pain generated by preventative medicines
themselves was reported in 3 RCTs [10,13-14], and the result suggested the injection pain induced by AAs
occurred less than that of lidocaine.  

Previous studies revealed AAs were capable of alleviating injection pain from propofol [19,20], and some
studies were designed to identify the prophylactic effect of AAs on rocuronium-induced injection
pain/withdrawal response under the assumption that the mechanisms of injection pain generated by
propofol and rocuronium were the same. However, no conclusion has been reached on the bene�t to date.
Our study identi�ed the preventive effect of AAs on RAIPWR, and compared it with lidocaine, the most
widely applied pharmacological method to prevent injection pain induced by rocuronium [21], in advantages
and disadvantages simultaneously, and the results indicated AAs might be more desirable for pretreatment
due to less injection pain when administrated intravenously.

AAs were widely used to treat in�ammatory disease for decades and with the emergence of concept of
preemptive analgesia and multimodal analgesia, AAs had been a crucial part in pain management [22,23].
As a result, when applied to prevent RAIPWR, AAs could also play a role in alleviating postoperative pain.

The mechanism of RAIPWR is still unrevealed. Arndt and Klement [24] reported that peripheral veins were
invested with polymodal nociceptors, which released endogenous pain mediators such as prostaglandins
after being stimulated by unphysiological osmolarity or pH of drug solution. Rocuronium has a PH of 4.0,
and dilution could reduce injection pain [25], which may explain the injection pain of it [26]. Blunk and
Seifert [27] demonstrated the dolori�c effect of rocuronium may be on account for direct activation of C-
nociceptors nerve endings with release of calcitonin prostaglandin (PG) E2 and gene-related peptide
(CGRP). In animal experiments, Baek and his colleagues [28] found that rocuronium was able to suppress
nitric oxide production and enhance prostaglandin E2 synthesis in calf pulmonary artery endothelial cells,
inducing in�ammation and pain. Antipyretic analgesics, containing nonsteroidal anti-in�ammatory drugs
(NSAIDs) and the most widely used analgesic in the world, acetaminophen[29], are cyclooxygenase (COX)
enzyme blockers which may exert their analgesic effects via inhibiting the synthesis of prostaglandins
peripherally and preventing the release of PGE2 together with activating medullary and cortical regions
involved in the descending inhibitory pain cascade centrally[30].

Injecting lidocaine was reported the best intervention to prevent RAIPWR [21], and we found AAs also took
effect. Though were not so effective as lidocaine, the injection pain caused by preventive medicine itself
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occurred less when AAs were acting as pretreatments in our review, namely, AAs may be more acceptable
and suitable for patients regarding the side effect of prophylactic itself.

Limitations of our review. Firstly, our study recruited literatures published in only Chinese and English, which
may lead to bias caused by the publication language. Secondly, the injection sites, dosage, injection speed
of drugs and other details of pretreatment varied among enrolled studies, which may in�uence the results.
However, all RCTs illustrated the details of the intervention: prophylactic or placebo was injected 2 to 5
minutes before intravenous rocuronium, and after assessment �nished, other anesthetics (such as opioids
and propofol) for induction were administrated, guaranteeing that the injection pain or withdrawal
movement was merely caused by rocuronium, and the prophylactic effect, if any, was the result of
pretreatment. Thirdly, some of studies included didn’t depict details of random sequence generation [11,15-
17,] and allocation concealment [15-16,18], and 3 of them didn’t mention the blind method [15-16,18], all of
above may lead to high risk of bias, so the power of this review was con�ned. We discovered Uzun’s study
[14] was the main source of heterogeneity when carried out sensitive analysis, so we rechecked this study,
and found that methodology it abided by resembled to others but they enrolled patients who underwent
elective orthopedic, gastrointestinal, and gynecological procedures while other studies recruited all kinds of
elective surgeries. Given the impossible task of conducting subgroup analysis strati�ed by operation types,
and the results were homogeneous when excluded the particular study or not, we didn’t do further analysis.

Conclusions
In this meta-analysis, current evidence suggested that pretreating with AAs was effective in dropping the
occurrence of the RAIPWR, and especially in term of moderate and severe degree of it. However, comparing
to pretreating with lidocaine, AAs were not so e�cient as the latter, while caused less injection pain and
might be more suitable for pretreatment. Considering the quality and quantity of studies involved in this
review, it was recommended that more multicenter, randomized, and double-blind controlled trials with larger
samples size were needed to con�rm the above conclusions. 

Abbreviations
RAIPWR: Rocuronium-associated injection pain/withdrawal response; AAS: antipyretic analgesics; ASA:
American Society of Anesthesiology; RCT: Randomize control trial; CI: con�dence interval; NSAIDs:
nonsteroidal anti-in�ammatory drugs; COX: cyclooxygenase; GRP: gene-related peptide; NS: normal saline;
IVVO: injection intravenously with venous occlusion; IV: injection intravenously

Declarations
Ethics approval and consent to participate

Not applicable.

Consent for publication



Page 8/15

Not applicable.

Availability of data and material

The analyzed datasets generated during the study are available from the corresponding author on
reasonable request.

Competing interests

There were no con�icts of interest in this review.

Funding

This research received no speci�c grant from any funding agency in the public, commercial or not-for-pro�t
sectors.

Authors' contributions

The literature search was performed by JW and all hits were screened and reviewed for eligibility by JW and
JFC independently. Disagreement was resolved by consulting YC and BL. The data extraction and
reexamination of the accuracy of data was executed by WJ and YC. The analysis was carried out and the
manuscript was drafted by JW and critically reviewed and edited by YC and BL. All authors read and
approved the �nal manuscript.

Acknowledgements

Not applicable.

References
1. Magorian T, Flannery KB, Miller RD. Comparison of rocuronium, succinylcholine, and vecuronium for

rapid-sequence induction of anesthesia in adult patients. Anesthesiology. 1993;79(5):913-8.

2. Martin R, Carrier J, Pirlet M, Claprood Y, Tétrault JP. Rocuronium is the best non-depolarizing relaxant to
prevent succinylcholine fasciculations and myalgia. Can J Anaesth. 1998;45(6):521-5.

3. M.A. Steegers, E.N. Robertson. Pain on injection of rocuronium bromide. Anesthesia and analgesia.
1996;83(1):203.

4. Borgeat A, Kwiatkowski D, Ruetsch YA. Spontaneous movements associated with rocuronium injection:
the effects of prior administration of fentanyl. J Clin Anesth. 1997;9(8):650-2.

5. Shevchenko Y, Jocson JC, McRae VA, et al. The use of lidocaine for preventing the withdrawal
associated with the injection of rocuronium in children and adolescents. Anesth Analg. 1999;88(4):746-
8.

�. Hillstrom C, Jakobsson JG. Lornoxicam : pharmacology and usefulness to treat acute postoperative
and musculoskeletal pain a narrative review. Expert Opin Pharmacother. 2013;14(12):1679-94.



Page 9/15

7. Smith SR, Deshpande BR, Collins JE, et al. Comparative pain reduction of oral non-steroidal anti-
in�ammatory drugs and opioids for knee osteoarthritis: systematic analytic review. Osteoarthritis
Cartilage. 2016;24(6):962-72.

�. Machado GC, Maher CG, Ferreira PH, et al. Non-steroidal anti-in�ammatory drugs for spinal pain: a
systematic review and meta-analysis. Ann Rheum Dis. 2017;76(7):1269-1278.

9. Higgins JPT, Green S (editors). Cochrane Handbook for Systematic Reviews of Interventions Version
5.1.0 [updated March 2011]. The Cochrane Collaboration, 2011. Available from www.cochrane-
handbook.org.

10. Jeon Y, Baek SU, Park SS,et al. Effect of pretreatment with acetaminophen on withdrawal movements
associated with injection of rocuronium: a prospective, randomized, double-blind, placebo controlled
study. Korean J Anesthesiol. 2010;59(1):13-6.

11. Zhang Y, Xiang Y, Liu J. Prevention of pain on injection of rocuronium: a comparison of lidocaine with
different doses of parecoxib. J Clin Anesth. 2012;24(6):456-9.

12. Jeon Y, Ha JH, Lee JE, et al. Rocuronium-induced withdrawal movement: in�uence ketorolac or a
combination of lidocaine and ketorolac pretreatment. Korean J Anesthesiol. 2013;64(1):25-8

13. G. Ates, E.A. Kose, G. Oz, et al. Effect of paracetamol pretreatment on rocuronium-induced injection
pain: a randomized, double-blind, placebo-controlled comparison with lidocaine. Journal of clinical and
analytical medicine. 2014;5(6):508-10..

14. Uzun S, Erden IA, Canbay O, et al. The effect of intravenous paracetamol for the prevention of
rocuronium injection pain. Kaohsiung J Med Sci. 2014;30(11):566-9.

15. Yuan Cheng, Shuping Chen, Jieping Zheng. The preventive effect of �urbiprofen axeti on rocuronium
induced withdrawal response. Zhejiang Clinical Medicine, 2014;16 (7): 1157-1158.

1�. 16. LI Sha, TIAN Wei-qian, JI Fang-bing, et al. Effect of combination of �urbiprofen axetil and lidocaine
with tourniquet on rocuronium injection-induced pain, The Journal of Clinical Anesthesiology.
2014;30(5):469-471.

17. Ma Qingjie, Liu Na. Effect of pretreatment with Parecoxib Sodium on injection pain of rocuronium
bromide. Chinese Medicine Guide. 2016;14 (13): 23-23.

1�. Yu Liang. Effect of pretreatment with lornoxicam on rocuronium bromide induced injection pain.
Modern practical Medicine. 2018;30 (02): 157-159.

19. Zhang L, Zhu J, Xu L, et al. E�cacy and safety of �urbiprofen axetil in the prevention of pain on
propofol injection: a systematic review and meta-analysis. Med Sci Monit. 2014; 20: 995-1002.

20. Canbay O, Celebi N, Arun O, et al. E�cacy of intravenous acetaminophen and lidocaine on propofol
injection pain. Br J Anaesth. 2008;100(1):95-8.

21. Prabhakar Hemanshu, Singh Gyaninder Pal, Ali Zul�qar, et al. Pharmacological and non-
pharmacological interventions for reducing rocuronium bromide induced pain on injection in children
and adults. Cochrane Database Syst Rev. 2016; 2: CD009346.

22. Ong Cliff K-S,Lirk Philipp,Seymour Robin A, et al. The e�cacy of preemptive analgesia for acute
postoperative pain management: a meta-analysis. Anesth. Analg. 2005; 100: 757-73, table of contents.



Page 10/15

23. Araki Y, Kaibori M, Matsumura S, et al. Novel strategy for the control of postoperative pain: long-lasting
effect of an implanted analgesic hydrogel in a rat model of postoperative pain. Anesth Analg.
2012;114(6):1338-45.

24. Arndt J O,Klement W. Pain evoked by polymodal stimulation of hand veins in humans. Physiol. (Lond.).
1991; 440: 467-78.

25. Shin YH, Kim CS, Lee JH, et al. Dilution and slow injection reduces the incidence of rocuronium-induced
withdrawal movements in children. Korean J Anesthesiol. 2011;61(6):465-9.

2�. Han Dong Woo,Koo Bon Nyeo,Choi Seung Ho, et al. Neutralized rocuronium (pH 7.4) before
administration prevents injection pain in awake patients: a randomized prospective trial. J Clin Anesth.
2007; 19: 418-23.

27. Blunk J A,Seifert F,Schmelz M, et al. Injection pain of rocuronium and vecuronium is evoked by direct
activation of nociceptive nerve endings. Eur J Anaesthesiol, 2003; 20: 245-53.

2�. Baek Sang Bin,Shin Mal Soon,Han Jin Hee, et al. Rocuronium Bromide Inhibits In�ammation and Pain
by Suppressing Nitric Oxide Production and Enhancing Prostaglandin E Synthesis in Endothelial Cells.
Int Neurourol J, 2016; 20: 296-303..

29. Richette P, Latourte A, Frazier A. Safety and e�cacy of paracetamol and NSAIDs in osteoarthritis: which
drug to recommend?. Expert Opin Drug Saf. 2015;14(8):1259-68.

30. Cashman JN. The mechanisms of action of NSAIDs in analgesia. Drugs. 1996;5:13-23.

31. Abbott FV, Hellemans KG. Phenacetin, acetaminophen and dipyrone: analgesic and rewarding
effects. Behav Brain Res. 2000;112(1-2):177-86.

Tables
Table 1: Characteristics of studies included in Meta-analysis
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Study Country Surgical
setting

Age
(yr)

ASA Administration
method

Group
(n, patients)

Outcomes

Younghoon
Jeon 2010

Korea Elective
surgery

45.4±11.1
45.9±14.2
50.1±10.6

I-II IVVO N S (n=39)
lidocaine 40mg (n=39)
paracetamol  50mg
(n=40)

A/B/C/D

Yonghong
Zhang
2012

China Elective
surgery

45.18±12.44
41.28±14.12
45.24±14.36
43.54±15.01

I-II IVVO N S (n=40)
lidocaine 40mg(n=40)
parecoxib 20mg(n=40)
parecoxib 40mg(n=40)

A/B/C/D

Younghoon
Jeon 2013

Korea Elective 
surgery

46.8±11.5
48.5±13.1
46.2±16.3

I-II IVVO placebo(n=35)
lidocaine 20mg(n=35)
ketorolac 10mg(n=35)

A/B/C/D

Gülnaz
Ateş 2014

Turkey Elective 
surgery

36.45±12.94
35.58±11.9

39.27±11.81

I-II IVVO N S (n=60)
lidocaine 40mg(n=60)
paracetamol 50mg(n=60)

A/B/C/D

Sennur
Uzun 2014

Turkey 3 kinds
of
elective 
surgeries

41.8±13.9
42.7±11.9
41.7±13.3

I-II IVVO N S(n=50)
lidocaine 40mg(n=50)
aracetamol 50mg(n=50)

A/B/C/D

Cheng
Yuan 2014

China Elective
surgery

45.8±10.3
46.9±9.6
44.3±9.8
43.7±10.6

I-II IV
IVVO
IV
IVVO

N S (n=50)
N S (n=50)
flurbiprofen 50mg(n=50)
flurbiprofen 50mg(n=50)

A/B/D

Li Sha
2014 

China Elective
surgery

46.7±11.1
48.4±13.2
46.2±14.6

I-II IVVO N S (n=35)
lidocaine 40mg (n=35)
flurbiprofen 50mg(n=35)

A/B/C/D

Ma Qingjie
2016

China Elective
surgery

39.2±3.7
38.5±4.1
40.3±5.2

I IV N S (n=40)
parecoxib20mg (n=40)
parecoxib40mg (n=40)

A/B

Yu Liang
2018

China  Elective
surgery

40.7±8.7
42.7±7.7
43.7±7.3

I-II IV N S (n=20)
lornoxicam 4mg(n=20)
lornoxicam 8mg(n=20)

A/B

               

Figures
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Figure 1

PRISMA diagram showing article selection for this review

Figure 2

Risk of bias graph
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Figure 3

Risk of bias summary
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Figure 4

AAs vs. control-the total incidence of RAIPWR

Figure 5

AAs vs. control-the incidence of different severities RAIPWR
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Figure 6

Incidence of RAIPWR-subgroup analysis of different administration methods


