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1 ABSTRACT

2 Introduction: Iodinated contrast media are commonly used in medical imaging and can 

3 cause allergic-like reactions, including rare but severe life-threatening reactions. 

4 Although several prophylactic approaches have been proposed for severe reactions, 

5 their effects remain unclear. Therefore, we aim to review systematically the preventive 

6 effects of commonly proposed regimens and predictors of severe reactions.

7 Methods and analysis: We will search the PubMed, EMBASE, and CENTRAL 

8 databases from January 1, 1990 through March 31, 2019 and will examine the 

9 bibliographies of eligible studies, pertinent review articles, and clinical practice 

10 guidelines. We will include prospective and retrospective studies of any design that 

11 evaluated the effects of pharmacological preventive strategies for allergic-like reactions 

12 prior to iodinated contrast media administration. Two assessors will independently 

13 extract the characteristics of the study and intervention and the quantitative results. 

14 Unique preventive strategies (e.g., dose, drug, and duration) will be analyzed separately. 

15 Average- and high-risk patients will be considered separately. The risk of bias will be 

16 assessed by two independent reviewers using standard design-specific validity 

17 assessment tools. A meta-analysis will be performed if appropriate.

18 Ethics and dissemination: Ethics approval is not applicable, as this will be a secondary 

19 analysis of publicly available data. The results of the analysis will be submitted for 

20 publication in a peer reviewed journal. 

21 PROSPERO registration number: CRD42019134003.

Page 3 of 31

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml

BMJ Open

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60

 on A
pril 10, 2024 by guest. P

rotected by copyright.
http://bm

jopen.bm
j.com

/
B

M
J O

pen: first published as 10.1136/bm
jopen-2019-033023 on 9 M

arch 2020. D
ow

nloaded from
 

http://bmjopen.bmj.com/


For peer review only

3

22 Strengths and limitations of this study

23 -This will be the first systematic review and meta-analysis to assess and compare the 

24 preventive effectiveness of premedication strategies for allergic-like reactions caused by 

25 contemporary low-osmolar iodinated contrast materials.

26 -Comprehensive literature searches and up-to-date systematic review methodologies 

27 will be used to identify actionable evidence.

28 -If the number of studies is too small and/or clinical or statistical across-study 

29 heterogeneity is deemed too great, we may not be able to perform a quantitative 

30 synthesis.
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31 INTRODUCTION

32 Iodinated contrast media are commonly used to augment computed tomography (CT) 

33 examinations for diagnosis and treatment monitoring. However, contemporary 

34 non-ionic iodinated contrast media cause physiologic (e.g., nausea) or allergic-like (e.g., 

35 urticaria) acute adverse reactions ranging from mild nausea or pruritus to hemodynamic 

36 shock and cardiopulmonary arrest in approximately 3% of patients.1 2 Life-threatening 

37 reactions occur in approximately 4 in 10,000 cases.1 As millions of doses of iodinated 

38 contrast media are administered annually, severe reactions are expected to occur 

39 commonly within a population.3 

40

41 The mechanism underlying acute adverse reactions is not fully understood and is likely 

42 multifactorial.2 These allergic-like reactions have clinical manifestations similar to those 

43 of typical allergic reactions involving the release of histamine and other inflammatory 

44 mediators, whereas the physiologic reactions involve a chemotoxic response to the 

45 administered contrast material without allergic-like symptoms. The distinction of 

46 allergic-like from physiologic reactions is important but is performed variably in 

47 clinical care and research settings. This distinction is important because prophylactic 

48 regimens (e.g., corticosteroids, antihistamines) are designed to prevent allergic-like 

49 reactions, but not physiologic reactions. 

50

51 However, the best premedication strategy remains uncertain, and only weak evidence 
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52 supports prophylaxis for the prevention of severe reactions. The factors used to predict 

53 allergic-like reactions2 4 do not specifically predict who will develop a severe reaction; 

54 rather, they generally predict who might have a reaction of any severity. Additionally, 

55 prophylaxis is not always effective (i.e., breakthrough reactions occur) and is associated 

56 with unintended side effects (e.g., increased costs and length of hospitalization); further, 

57 the comparative effectiveness of competing prophylactic regimens is unclear. 5 6 7 8 9 10 

58 Although several standard regimens exist, including those proposed by American 

59 College of Radiology (ACR),2 ad-hoc modifications of these regimens are common in 

60 clinical practice. Given this uncertainty, the 2019 European Society of Urogenital 

61 Radiology (ESUR) Guideline on Contrast Agents indicates that “premedication is not 

62 recommended because there is not good evidence of its effectiveness.”4 

63

64 Since the publication of two systematic reviews in 2006 that evaluated the effectiveness 

65 of premedication regimens,11 12 several relevant studies and alternative strategies have 

66 been published (e.g., exchanging one contrast medium for an alternative) and used to 

67 influence the ACR and ESUR guidelines.13 14 In addition, the two prior systematic 

68 reviews on this topic included prophylaxis in the context of now-outdated 

69 high-osmolality iodinated contrast media that are no longer used in clinical practice. 

70 Therefore, we planned a comprehensive quantitative synthesis of clinical data on the 

71 effects of premedication for the prevention of allergic-like reactions to contemporary 

72 iodinated contrast material.

73
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74 METHODS AND ANALYSIS

75 This systematic review protocol follows the Preferred Reporting Items for Systematic 

76 Review and Meta-Analysis Protocols 2015 statement (PRISMA-P).15 Based on the 

77 analytic framework shown in the Figure, we have formulated the following three key 

78 research questions:

79 Key Question 1. What is the preventive effect of standard-duration oral (12- or 

80 13-hour), accelerated intravenous (≥5-hour), or emergent (<5-hour) premedication with 

81 or without a change of contrast media (CM) on acute (<1 hour) allergic-like reactions in 

82 patients receiving CM?

83 Key Question 2. What are the patient-level and intervention-level characteristics (i.e., 

84 predictors) associated with CM-induced acute allergic-like reactions?

85 Key Question 3. What are the complications and adverse events associated with 

86 premedication?

87

88 Literature search

89 We will search the PubMed, EMBASE, and Cochrane Central Register of Controlled 

90 Trials (CENTRAL) databases from January 1, 1990 through March 31, 2019 for both 

91 English- and non-English-language publications, using search terms such as “iodinated 

92 contrast media,” “premedication,” “allergic-like reaction,” breakthrough reactions,” and 

93 their synonyms. The complete search strategy and full list of databases are available as 

94 an online Supplementary file. We will include studies published after the 1990s, when 
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95 contemporary low-osmolar CMs were developed and disseminated widely. We will also 

96 examine the references of eligible studies, relevant review articles, and existing clinical 

97 practice guidelines developed by professional societies such as ACR and ESUR.2 4  

98

99 Inclusion and exclusion criteria

100 We will include studies that assessed patients who received intravenous or intra-arterial 

101 non-ionic iodinated contrast material with or without premedication based on 

102 corticosteroids, anti-histamines, or both. The Table presents our detailed inclusion 

103 criteria, which follow the PICOD framework. We will exclude studies that tested other 

104 medications (e.g., ephedrine, diazepam, atropine) because these are not relevant to 

105 current clinical practice. We also will exclude studies that assessed patients who 

106 received high-osmolar contrast material. Both prospective and retrospective studies of 

107 any design that evaluated at least 10 patients will be included.

108

109 We will employ the current ACR categorization system to classify and grade acute 

110 adverse events, and physiologic reactions will be considered separately from 

111 allergic-like reactions.2 Delayed reactions occurring more than 1 hour after contrast 

112 media administration will not be assessed. A breakthrough reaction will be defined as 

113 an acute allergic-like reaction of any severity that occurs despite premedication. We will 

114 classify any randomized controlled trials (RCTs) and any studies with a 

115 non-randomized design that compared two or more intervention groups (i.e., so-called 
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116 non-randomized studies of intervention [e.g., quasi-RCTs, cohort studies, case-control 

117 studies]) as “comparative studies.” “Non-comparative studies” will include single-group 

118 studies and case series.

119

120 We will exclude editorials, comments, letters to the editor, and review articles. When 

121 multiple publications with potentially overlapping patient populations are reported, we 

122 will only include the publication with the largest sample size. We will contact the study 

123 authors by email if the publications do not report adequate information about the patient 

124 characteristics and reaction classifications. We will consider our request to be rejected if 

125 two email request reminders sent separately 14 days after the initial contact attempt are 

126 rejected. 

127

128 The results of our electronic searches will be imported into reference management 

129 software and de-duplicated. Two paired investigators will screen non-overlapping sets 

130 of abstracts and will examine full-text articles for potentially eligible citations. A third 

131 investigator will adjudicate any discrepant results if consensus cannot be reached 

132 between the two reviewers.

133

134 Data extraction

135 We will extract the following descriptive data from eligible studies: first author, year of 

Page 9 of 31

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml

BMJ Open

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60

 on A
pril 10, 2024 by guest. P

rotected by copyright.
http://bm

jopen.bm
j.com

/
B

M
J O

pen: first published as 10.1136/bm
jopen-2019-033023 on 9 M

arch 2020. D
ow

nloaded from
 

http://bmjopen.bmj.com/


For peer review only

9

136 publication, journal, study design (prospective vs. retrospective, comparative study vs. 

137 non-comparative study) as the study characteristics; age, sex, history and severity and 

138 type of any prior acute adverse reaction to iodinated contrast material, allergic diathesis 

139 including severe allergy(-ies) to other substances and asthma,2 and other known risk 

140 factors for allergic-like reactions, as the participant characteristics; brand and/or generic 

141 names and doses of contrast media administered as contrast media characteristics; 

142 premedication strategies including drugs, doses, duration, and change in contrast agent 

143 as the intervention characteristics; details of and change in allergic-like reactions (kinds 

144 and severity), assessors of adverse reactions (number and experience), and 

145 categorization system to classify and grade acute adverse events, as the outcome 

146 characteristics. We will operationally define standard elective regimens as the 12- to 

147 13-hour oral administration of corticosteroids, and standard accelerated regimens as a 

148 minimum 5-hour intravenous administration of corticosteroids with or without the use 

149 of an anti-histamine.2 If a study adopted definitions or categorization systems other than 

150 those proposed by the ACR, we will specify these differences in sufficient detail. One 

151 primary investigator will extract the descriptive data, which will be verified by a second 

152 investigator.
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153

154 Two reviewers will independently extract quantitative data. We will determine the 

155 relative risk of an allergic-like reaction between two (or more) groups in comparative 

156 studies. We will extract the number of patients in each group, as well as the number of 

157 patients who developed an allergic-like reaction. If relevant count data cannot be 

158 determined from the publication, we will instead extract the reported point estimates 

159 and their confidence intervals. 

160

161 We will extract quantitative measures (e.g., risk ratios, odds ratios) of the association of 

162 the presence or absence of a predictor with the development of a breakthrough reaction. 

163 We will prefer adjusted values over unadjusted values if both are reported. A priori 

164 candidate predictors selected for extraction include specific index allergic-like reactions 

165 and their ACR grades, and any allergic diathesis and its severity. 

166

167 Assessment of risk of bias 

168 For RCTs, we will use the “revised tool to assess risk of bias in randomized trials” (RoB 

169 2 tool)16. We will assess five specific domains of RCT study validity (i.e., 

170 randomization process, deviations from intended interventions, missing outcome data, 

171 measurement of outcomes, selective reporting) and then assign an overall risk of bias 

172 for each trial. 

173
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174 For non-randomized intervention studies, we will use the Risk Of Bias In 

175 Non-randomized Studies of Interventions (ROBINS-I) tool for cohort studies,17 and the 

176 Cochrane Risk Of Bias Assessment Tool for Non-Randomized Studies of Interventions 

177 (ACROBAT-NRSI) for case-control studies.18 We will assess seven specific domains of 

178 study validity (i.e., confounding, participant selection, classification of interventions, 

179 deviations from intended interventions, missing data, measurement of outcomes, and 

180 selective reporting) and then assign an overall risk of bias for each study. 

181

182 For single-group observational studies that assessed a predictor with the development of 

183 a breakthrough reaction, we will use a revised version of the Quality in Prognosis 

184 Studies tool (the QUIPS-2).19 We will assess six specific domains of study validity 

185 (study participation, study attrition, prognostic factor measurement, outcome 

186 measurement, confounding measurement and account, and analysis and reporting) and 

187 then assign an overall risk of bias for each study.

188

189 Two reviewers will independently assess each item and rate the domain-specific and 

190 overall risks of bias. Discrepant ratings will be resolved by consensus. A third 

191 independent investigator will adjudicate any unresolved discrepancies. The complete list 

192 of modified operational definitions used to rate each item will be available from the 

193 authors upon request.

194
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195 Data synthesis

196 The primary outcome of interest will be the relative risk of an acute allergic-like 

197 reaction between competing premedication strategies. Secondary outcomes will include 

198 the breakthrough reaction rate of each specific regimen and the predictive performances 

199 of covariates for overall and severe breakthrough reactions. For all outcome measures, 

200 we will first construct an evidence map by performing qualitative syntheses based on 

201 graphs and tables to examine the diversity and volume of available evidence on this 

202 topic.20 21 If feasible, we will then perform a quantitative synthesis. 

203

204 For summary relative measures (e.g., relative risk of an acute allergic-like reaction) 

205 based on count data, we will perform a random-effects meta-analysis using the binomial 

206 likelihood with logit link in a generalized linear modeling framework (i.e., 

207 random-effects logistic regression).22 If already-estimated relative measures are the only 

208 extractable formats, we will utilize the log-transformed estimates and their variances as 

209 “plug-in” estimates. If appropriate, the meta-analytical model for a specific pairwise 

210 comparison will be extended to a network meta-analysis to synthesize data from both 

211 direct and indirect comparisons of all available studies in a single analysis.22

212

213 For summary estimates of the proportion measures in non-comparative studies, we will 

214 perform a random-effects meta-analysis of proportions using the binomial likelihood 

215 and logit link (i.e., so-called the binomial-normal model).23
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216

217 Additional analyses

218 We will estimate the between-study standard deviation parameter, tau, and I2 statistic 

219 and corresponding 95% credible intervals as measures of statistical heterogeneity. An I2 

220 >50% will indicate intermediate heterogeneity, while an I2 >70% will indicate high 

221 heterogeneity.24 

222

223 To explore statistical heterogeneity, we will perform subgroup analyses and, if feasible, 

224 a univariable random-effects meta-regression.22 Preplanned candidate factors will 

225 include the use of standardized regimens (vs. non-standardized or ad-hoc regimens), 

226 alterations of the culprit contrast media (vs. not), use of the ACR categorization system 

227 for the classification and grading of reactions (vs. not), and severity and type of prior 

228 reactions to iodinated contrast media. We will consider conducting sensitivity analyses 

229 by reclassifying and/or re-grading the reported reactions based on the ACR 

230 classification system for studies not using this system, if pertinent individual-level data 

231 are presented.

232

233 We will assess funnel-plot asymmetry if at least 10 studies are included.25 To address 

234 potential biases derived from missing outcome data, we will apply the approach 

235 proposed by Turner et al.26 We will assess the certainty of evidence using the Grading 

236 of Recommendations Assessment, Development, and Evaluation (GRADE) approach. 27
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237

238 Statistical software

239 We will conduct all analyses using Stata version 14/SE (Stata Corp., College Station, 

240 TX, USA) and OpenBUGS version 3.2.3 (members of OpenBUGS Project Management 

241 Group; see www.openbugs.net). All tests will be two-sided, and statistical significance 

242 will be defined as a P value <0.05.

243

244 Patient and Public Involvement

245 We did not involve patients or the public in the preparation of this systematic review 

246 protocol.

247

248 DISCUSSION

249 The revised ESUR guidelines on contrast agents (published March 2018) retracted the 

250 recommendations for the premedication of patients at an increased risk of contrast 

251 reaction, due to a lack of scientific evidence of efficacy.4 This position is inconsistent 

252 with the latest guidelines of other professional societies, including the ACR (ACR 

253 Manual on Contrast Media v. 10.3),2 the Canadian Association of Radiologists,28 and 

254 the Japan Radiological Society.29 Given the wide application of iodinated contrast 

255 media in medical imaging and interventional procedures, the uncertainty surrounding 

256 the optimization of prevention strategies, and the absence of recently published 

257 evidence reviews, we believe that it will be worthwhile to conduct a new systematic 
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258 review that critically examines the existing evidence. Using a comprehensive evidence 

259 map of the published literature on the effects of premedication and, if feasible, new 

260 meta-analytic results, we hope to clarify the actionable evidence regarding the use of 

261 premedication.

262
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299 presented in an educational session at the 77th annual meeting of the Japan Radiological 

300 Society 2018, Yokohama, Japan.

301
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392 Table. Inclusion criteria based on the PICOD framework

PICOD Specific details

Population Patients who received intravenous or intra-arterial non-ionic iodinated CM*

-High-risk population

-Low-risk population

-No risk-stratified population

Interventions 

/Comparators and 

co-interventions

Premedication†

1. 12- or 13-hour corticosteroids with or without anti-histamine
2. 5-hour IV corticosteroids with or without anti-histamine
3. Any less than 5 hours, including steroids, anti-histamine, or both

Co-interventions allowed:

-Change of CM that caused past reactions

Outcomes Rates of acute (<1 hour) allergic-like reactions‡

-Acute reaction-related deaths within 30 days

-Severe reactions only

-Moderate and severe reactions only

-Upgraded reactions compared to the index reactions

-All allergic-like reactions

Rates of adverse events induced by premedication

Predictors of acute 

allergic-like reactions

Patient-level characteristics
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-Prior allergic-like reactions

-Prior physiologic reactions§

-Allergic diathesis (e.g., asthma, food or drug allergy, etc.)

Intervention-level characteristics

-Type of premedication

-Dosing of premedication

-Change of CM (specific class/product and/or dosing)

Designs Any study designs including at least 10 patients

-Randomized controlled trials

-Nonrandomized trials

-Prospective and retrospective cohorts

Comparative (two or more-group) design

Single-group design

393 * Per-study defined risk criteria are allowed.

394 †Both standard and ad-hoc regimens are allowed, but will be analyzed separately. Standard oral regimens 

395 are defined as follows:2 13-hour regimen: prednisone 50 mg PO at 13, 7, and 1 hrs before CM injection +/-  

396 optional diphenhydramine 50 mg IV, IM, or PO at 1 hr before CM injection; 12-hour regimen: 

397 methylpredonisolone 32 mg PO at 12, and 2 hrs before CM injection +/- optional antihistamine. Standard 

398 urgent regimens are: methylprednisolone 40 mg or hydrocortisone 200 mg IV every 4 hrs until CM injection 
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399 (minimum cumulative duration 5 hours) +/- diphenhydramine 50 mg IV at 1 hr before CM injection. Any 

400 premedication that does not include corticosteroids or that is less than 5 hours in duration is non-standard.

401 ‡Grades of allergic-like reactions are defined as follows2: mild reactions include limited urticaria/pruritis, 

402 cutaneous edema, limited “itchy”/“scratchy” throat, nasal congestion, sneezing, conjunctivitis, and 

403 rhinorrhea; moderate reactions include diffuse urticaria/pruritis, diffuse erythema with stable vital signs, 

404 facial edema without dyspnea, throat tightness or hoarseness without dyspnea, and wheezing/bronchospasm 

405 with mild or no hypoxia; and severe reactions include diffuse edema, facial edema with dyspnea, diffuse 

406 erythema with hypotension, laryngeal edema with stridor and/or hypoxia, wheezing/bronchospasm with 

407 significant hypoxia, and anaphylactic shock (hypotension + tachycardia).

408 §Grades of physiologic reactions are defined as follows2: mild reactions include limited nausea/vomiting, 

409 transient flushing, warmth, chills, headache, dizziness, anxiety, altered taste, mild hypertension, and 

410 vasovagal reaction that resolves spontaneously; moderate reactions include protracted nausea/vomiting, 

411 hypertensive urgency, isolated chest pain, and vasovagal reaction that requires and is responsive to 

412 treatment; and severe reactions include vasovagal reaction resistant to treatment, arrhythmia, convulsions, 

413 seizures, and hypertensive emergency.

414

415 Abbreviations: CM = contrast medium; IM = intramuscularly; IV = intravenously; PO = orally

Page 24 of 31

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml

BMJ Open

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60

 on A
pril 10, 2024 by guest. P

rotected by copyright.
http://bm

jopen.bm
j.com

/
B

M
J O

pen: first published as 10.1136/bm
jopen-2019-033023 on 9 M

arch 2020. D
ow

nloaded from
 

http://bmjopen.bmj.com/


For peer review only

24

416 Figure legend

417 Figure. Analytic framework.

418 Abbreviations: CM = contrast media; KQ = key question   
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Figure. Analytic framework. 
Abbreviations: CM = contrast media; KQ = key question 
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SUPPLEMENTARY FILE

Search strategies
PubMed
1. "Contrast Media"[Pharmacological Action]
2. radiocontrast*
3. iodinated contrast*
4. contrast material*
5. iodine contrast* 
6. iodixanol OR iohexol OR iopamidol OR ioversol OR ioxilan OR iopromide OR 

ioxaglate
7. #1 OR #2 OR #3 OR #4 OR #5 OR #6
8. "Adverse Effects"[Subheading]
9. Adverse
10. "side effect"
11. "side effects"
12. reaction*
13. harm*
14. complicat*
15. toxicit*
16. hypersensitiv*
17. breakthrough reaction*
18. anaphyla*
19. allerg*
20. #8 OR #9 OR #10 OR #11 OR #12 OR #13 OR #14 OR #15 OR #16 OR #17 OR 

#18 OR #19
21. Premedication[Mesh]
22. premedicat*
23. prevent*
24. prophyla*
25. steroid*
26. corticosteroid*
27. antihistamine*
28. #21 OR #22 OR #23 OR #24 OR #25 OR #26 OR #27
29. #7 AND #20 AND #28
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Cochrane Central Register of Controlled Trials (Ovid) 
1. contrast media.mp. or exp Contrast Media/
2. radiocontrast*.mp.
3. iodinated contrast*.mp.
4. contrast material*.mp.
5. Iodine/ or iodine contrast*.mp.
6. (iodixanol or iohexol or iopamidol or ioversol or ioxilan or iopromide or 

ioxaglate).mp. [mp=title, original title, abstract, mesh headings, heading words, 
keyword]

7. 1 or 2 or 3 or 4 or 5 or 6
8. Adverse Effects.mp.
9. "Drug-Related Side Effects and Adverse Reactions"/ or adverse.mp.
10. side effect.mp.
11. side effects.mp.
12. reaction*.mp.
13. Patient Harm/ or harm*.mp.
14. complicat*.mp.
15. toxicit*.mp.
16. Hypersensitivity/ or hypersensitiv*.mp.
17. breakthrough reaction*.mp. [mp=title, original title, abstract, mesh headings, 

heading words, keyword]
18. Anaphylaxis/ or anaphyla*.mp.
19. allerg*.mp.
20. 8 or 9 or 10 or 11 or 12 or 13 or 14 or 15 or 16 or 17 or 18 or 19
21. premedication.mp. or Premedication/
22. premedicat*.mp.
23. prevent*.mp.
24. prophyla*.mp.
25. steroid*.mp.
26. Glucocorticoids/ or corticosteroid*.mp.
27. antihistamine*.mp. or Histamine H1 Antagonists/
28. 21 or 22 or 23 or 24 or 25 or 26 or 27
29. 7 and 20 and 28
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Embase
1. 'contrast medium'/exp OR 'contrast medium'
2. radiocontrast*
3. 'iodinated contrast medium'/exp OR 'iodinated contrast medium'
4. iodinated AND contrast*
5. ('contrast'/exp OR contrast) AND material*
6. ('iodine'/exp OR iodine) AND contrast*
7. 'iodixanol'/exp OR iodixanol OR 'iohexol'/exp OR iohexol OR 'iopamidol'/exp OR 

iopamidol OR 'ioversol'/exp OR ioversol OR 'ioxilan'/exp OR ioxilan OR 
'iopromide'/exp OR iopromide OR 'ioxaglate'/exp OR ioxaglate

8. #1 OR #2 OR #3 OR #4 OR #5 OR #6 OR #7
9. 'adverse event'/exp OR 'adverse event'
10. Adverse
11. 'side effect'/exp OR 'side effect'
12. 'side effects'
13. reaction*
14. harm*
15. 'complication'/exp OR 'complication'
16. complicat*
17. 'toxicity'/exp OR 'toxicity'
18. toxicit*
19. 'hypersensitivity'/exp OR 'hypersensitivity'
20. hypersensitiv*
21. breakthrough AND reaction*
22. 'anaphylaxis'/exp OR 'anaphylaxis'
23. anaphyla*
24. allerg*
25. 'immediate type hypersensitivity'/exp OR 'immediate type hypersensitivity'
26. 'allergy'/exp OR 'allergy'
27. #9 OR #10 OR #11 OR #12 OR #13 OR #14 OR #15 OR #16 OR #17 OR #18 OR 

#19 OR #20 OR #21 OR #22 OR #23 OR #24 OR #25 OR #26
28. 'premedication'/exp OR 'premedication'
29. premedicat*
30. 'prevention'/exp OR 'prevention'
31. prevent*
32. 'prophylaxis'/exp OR 'prophylaxis'
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33. prophyla*
34. 'steroid'/exp OR 'steroid'
35. steroid*
36. 'corticosteroid'/exp OR 'corticosteroid'
37. corticosteroid*
38. 'antihistaminic agent'/exp OR 'antihistaminic agent'
39. 'histamine h1 receptor antagonist'/exp OR 'histamine h1 receptor antagonist'
40. antihistamine*
41. #28 OR #29 OR #30 OR #31 OR #32 OR #33 OR #34 OR #35 OR #36 OR #37 OR 

#38 OR #39 OR #40 
42. #8 AND #27 AND #41
43. #42 AND ('article'/it OR 'article in press'/it OR 'conference paper'/it OR 'short 

survey'/it) 
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PRISMA-P (Preferred Reporting Items for Systematic review and Meta-Analysis Protocols) 2015 checklist: recommended items to 
address in a systematic review protocol* 
Section and topic Item 

No
Checklist item Reporting Page 

No

ADMINISTRATIVE INFORMATION
Title:

 Identification 1a Identify the report as a protocol of a systematic review 1
 Update 1b If the protocol is for an update of a previous systematic review, identify as such NA

Registration 2 If registered, provide the name of the registry (such as PROSPERO) and registration number 2
Authors:

 Contact 3a Provide name, institutional affiliation, e-mail address of all protocol authors; provide physical mailing address of 
corresponding author

1

 Contributions 3b Describe contributions of protocol authors and identify the guarantor of the review 15
Amendments 4 If the protocol represents an amendment of a previously completed or published protocol, identify as such and list changes; 

otherwise, state plan for documenting important protocol amendments
5

Support:
 Sources 5a Indicate sources of financial or other support for the review 15
 Sponsor 5b Provide name for the review funder and/or sponsor NA
 Role of sponsor 
or funder

5c Describe roles of funder(s), sponsor(s), and/or institution(s), if any, in developing the protocol NA

INTRODUCTION
Rationale 6 Describe the rationale for the review in the context of what is already known 4-5
Objectives 7 Provide an explicit statement of the question(s) the review will address with reference to participants, interventions, 

comparators, and outcomes (PICO)
7

METHODS
Eligibility criteria 8 Specify the study characteristics (such as PICO, study design, setting, time frame) and report characteristics (such as years 

considered, language, publication status) to be used as criteria for eligibility for the review
7

Information sources 9 Describe all intended information sources (such as electronic databases, contact with study authors, trial registers or other 
grey literature sources) with planned dates of coverage

6-7

Search strategy 10 Present draft of search strategy to be used for at least one electronic database, including planned limits, such that it could be 
repeated

6-7 and 
supplementary 
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file
Study records:

 Data 
management

11a Describe the mechanism(s) that will be used to manage records and data throughout the review 8

 Selection 
process

11b State the process that will be used for selecting studies (such as two independent reviewers) through each phase of the review 
(that is, screening, eligibility and inclusion in meta-analysis)

8

 Data collection 
process

11c Describe planned method of extracting data from reports (such as piloting forms, done independently, in duplicate), any 
processes for obtaining and confirming data from investigators

9-10

Data items 12 List and define all variables for which data will be sought (such as PICO items, funding sources), any pre-planned data 
assumptions and simplifications

8-9

Outcomes and 
prioritization

13 List and define all outcomes for which data will be sought, including prioritization of main and additional outcomes, with 
rationale

12

Risk of bias in 
individual studies

14 Describe anticipated methods for assessing risk of bias of individual studies, including whether this will be done at the 
outcome or study level, or both; state how this information will be used in data synthesis

10-11

15a Describe criteria under which study data will be quantitatively synthesised 12
15b If data are appropriate for quantitative synthesis, describe planned summary measures, methods of handling data and methods 

of combining data from studies, including any planned exploration of consistency (such as I2, Kendall’s τ)
12

15c Describe any proposed additional analyses (such as sensitivity or subgroup analyses, meta-regression) 13

Data synthesis

15d If quantitative synthesis is not appropriate, describe the type of summary planned 12
Meta-bias(es) 16 Specify any planned assessment of meta-bias(es) (such as publication bias across studies, selective reporting within studies) 13
Confidence in 
cumulative evidence

17 Describe how the strength of the body of evidence will be assessed (such as GRADE) 13

* It is strongly recommended that this checklist be read in conjunction with the PRISMA-P Explanation and Elaboration (cite when available) for important 
clarification on the items. Amendments to a review protocol should be tracked and dated. The copyright for PRISMA-P (including checklist) is held by the 
PRISMA-P Group and is distributed under a Creative Commons Attribution Licence 4.0. 

From: Shamseer L, Moher D, Clarke M, Ghersi D, Liberati A, Petticrew M, Shekelle P, Stewart L, PRISMA-P Group. Preferred reporting items for systematic review and 
meta-analysis protocols (PRISMA-P) 2015: elaboration and explanation. BMJ. 2015 Jan 2;349(jan02 1):g7647.
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2

1 ABSTRACT

2 Introduction: Iodinated contrast media are commonly used in medical imaging and can 

3 cause hypersensitivity reactions, including rare but severe life-threatening reactions. 

4 Although several prophylactic approaches have been proposed for severe reactions, 

5 their effects remain unclear. Therefore, we aim to review systematically the preventive 

6 effects of pharmacologic and non-pharmacologic interventions and predictors of acute, 

7 hypersensitivity reactions.

8 Methods and analysis: We will search the PubMed, EMBASE, and CENTRAL 

9 databases from January 1, 1990 through December 31, 2019 and will examine the 

10 bibliographies of eligible studies, pertinent review articles, and clinical practice 

11 guidelines. We will include prospective and retrospective studies of any design that 

12 evaluated the effects of pharmacological and non-pharmacological preventive 

13 interventions for adverse reactions of non-ionic iodinated contrast media. Two assessors 

14 will independently extract the characteristics of the study and intervention and the 

15 quantitative results. Two independent reviewers will assess the risk of bias using 

16 standard design-specific validity assessment tools. The primary outcome will be 

17 reduction in acute contrast media-induced hypersensitivity reactions. The secondary 

18 outcomes will include characteristics associated with the development of contrast 

19 media-induced acute hypersensitivity reactions, and adverse events associated with 

20 specific preventive interventions. Unique premedication regimens (e.g., dose, drug, and 

21 duration) and non-pharmacological strategies will be analyzed separately. Average- and 

22 high-risk patients will be considered separately. A meta-analysis will be performed if 
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3

23 appropriate.

24 Ethics and dissemination: Ethics approval is not applicable, as this will be a secondary 

25 analysis of publicly available data. The results of the analysis will be submitted for 

26 publication in a peer reviewed journal. 

27 PROSPERO registration number: CRD42019134003.
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4

28 Strengths and limitations of this study

29 -This will be the first systematic review and meta-analysis to assess and compare the 

30 preventive effectiveness of pharmacologic and non-pharmacologic interventions for 

31 preventing acute hypersensitivity reactions caused by non-ionic iodinated contrast 

32 media.

33 -Comprehensive literature searches and up-to-date systematic review methodologies 

34 will be used to identify actionable evidence.

35 -If the number of studies is too small, or clinical or statistical across-study heterogeneity 

36 is deemed too great, a quantitative synthesis may not be feasible.
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5

37 INTRODUCTION

38 Iodinated contrast media are commonly used to enhance computed tomography (CT) 

39 examinations for diagnosis and treatment monitoring. However, non-ionic iodinated 

40 contrast media cause adverse reactions ranging from mild nausea or pruritus to 

41 hemodynamic shock and cardiopulmonary arrest in approximately 3% of patients.1 2 

42 Life-threatening reactions occur in approximately 4 in 10,000 cases.1 As millions of 

43 doses of iodinated contrast media are administered annually, severe reactions are 

44 expected to occur commonly within a population.3 

45

46 The mechanism underlying adverse reactions induced by contrast media is not fully 

47 understood and is likely multifactorial.2 However, based on a general framework for the 

48 classification of adverse drug reactions, the reactions induced by contrast media can be 

49 divided into two types—commonly referred to as type A and type B reactions.4 5 Type 

50 A reactions are physiologic and often dose-dependent reactions that are expected from 

51 the pharmacologic properties of the administered contrast media. Type B reactions are 

52 hypersensitivity reactions that are neither physiologic nor dose-dependent, and are 

53 usually unpredictable. Distinction between type A and type B reactions can facilitate 

54 designing prophylactic strategies for preventing contrast media-induced adverse 

55 reactions; nevertheless, the distinction is not straightforward, and some professional 

56 societies have discordant classification systems.4

57
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58 No perfect strategy has been established to mitigate the risk of acute severe contrast 

59 media-induced hypersensitivity reactions. Only weak evidence supports 

60 pharmacological interventions including corticosteroids and/or antihistamines.2 For 

61 example, premedication often fails6 and can induce adverse effects such as 

62 corticosteroid-induced hyperglycemia and indirectly contributed to prolonged 

63 hospitalization.7 8 Purported risk factors for contrast media-induced reactions predict 

64 reactions of any severity; they do not specifically predict acute life-threatening 

65 reactions.2 9 Further, the comparative effectiveness of alternative preventive strategies 

66 involving pharmacological and non-pharmacological interventions has not been 

67 systematically evaluated.6 7 8 10 11 12 Although professional societies including the 

68 American College of Radiology (ACR) propose several premedication regimens,2 only 

69 one has been tested in a randomized design, and that study had methodological 

70 challenges.13 Premedication practice varies,14 15 which precludes a standardized 

71 comparative assessment among alternative pharmacologic and non-pharmacological 

72 interventions. Given this uncertainty, the 2019 European Society of Urogenital 

73 Radiology (ESUR) Guideline on Contrast Agents indicates that “premedication is not 

74 recommended because there is not good evidence of its effectiveness (page 7, A1.1).”9 

75

76 Since the publication of two systematic reviews in 2006 that evaluated the effectiveness 

77 of premedication regimens,16 17 several relevant studies of pharmacological and 

78 alternative, non-pharmacological strategies (e.g., exchanging one contrast medium for 

79 an alternative) have been published and have influenced the ACR and ESUR 
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80 guidelines.18 19 In addition, the two prior systematic reviews on this topic included 

81 pharmacological prophylaxis only in the context of now-outdated high-osmolality 

82 iodinated contrast media that are no longer used in clinical practice. Therefore, we 

83 planned a comprehensive quantitative synthesis of clinical data on the effects of 

84 pharmacological and non-pharmacological prophylactic strategies for the prevention of 

85 acute adverse reactions to non-ionic iodinated contrast material.

86

87 METHODS AND ANALYSIS

88 This systematic review protocol follows the Preferred Reporting Items for Systematic 

89 Review and Meta-Analysis Protocols 2015 statement (PRISMA-P).20 Based on the 

90 analytic framework shown in the Figure 1, we have formulated the following three key 

91 research questions and related sub-questions:

92 Key Question 1. What is the effect of interventions to reduce acute (<1 hour) 

93 hypersensitivity (Type B) reactions in patients receiving contrast media?

94           Key Question 1a: What is the preventive effect of guideline-recommended 

95 oral (12- or 13-hour), guideline-recommended accelerated intravenous 

96 (5- to 11-hour), or non-guideline emergent intravenous (<5-hour) 

97 premedication on acute (<1 hour) hypersensitivity reactions in patients 

98 receiving contrast media?
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99           Key Question 1b: What is the preventive effect of a change of contrast 

100 media alone on acute (<1 hour) hypersensitivity reactions in patients 

101 receiving contrast media?

102           Key Question 1c: What is the preventive effect of combination of standard 

103 oral (12- or 13-hour) premedication and a change of contrast media on 

104 acute (<1 hour) hypersensitivity reactions in patients receiving contrast 

105 media? 

106           Key Question 1d: What is the preventive effect of other interventions (other 

107 than the above listed) on acute (<1 hour) hypersensitivity reactions?

108           Key Question 1e: What is the preventive effect of any interventions for 

109 acute (<1 hour) adverse reactions of any type (i.e, both type A and B 

110 reactions)?

111 Key Question 2. What are the patient-level and intervention-level characteristics (i.e., 

112 predictors) associated with contrast media-induced acute hypersensitivity (Type B) 

113 reactions?

114 Key Question 3. What are the complications and adverse events associated with 

115 specific interventions to reduce contrast media-induced adverse reactions?

116

117 Literature search

118 We will search the PubMed, EMBASE, and Cochrane Central Register of Controlled 
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119 Trials (CENTRAL) databases from January 1, 1990 through December 31, 2019 for 

120 both English- and non-English-language publications, using search terms such as 

121 “iodinated contrast media,” “premedication,” “adverse reaction,” “breakthrough 

122 reactions,” and their synonyms. The complete search strategy and full list of databases 

123 are available as an online Supplementary file. We will include studies published after 

124 1990, when non-ionic contrast media were developed and disseminated widely. We also 

125 will examine the references of eligible studies, relevant review articles, and existing 

126 clinical practice guidelines developed by professional societies such as the ACR and 

127 ESUR.2 9 All potentially eligible non-English publications will be translated into 

128 English before full-text assessment.

129

130 Inclusion and exclusion criteria

131 We will include studies that assessed patients who received intravenous or intra-arterial 

132 non-ionic iodinated contrast material and any interventions to reduce contrast 

133 media-induced adverse reactions. The Table 1 presents our detailed inclusion criteria, 

134 which follow a generally accepted framework to formulate a systematic review question 

135 comprising 5 key components: populations, interventions, comparator interventions, 

136 outcomes, and study designs.21 Regarding pharmacological prophylactic interventions, 

137 we will focus on premedication based on corticosteroids, anti-histamines, or both, and 

138 exclude studies that tested other medications (e.g., ephedrine, diazepam, atropine) 

139 because these are not relevant to current clinical practice. We also will exclude studies 

140 that assessed patients who received high-osmolality contrast media because they are no 
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141 longer used in clinical practice. Both prospective and retrospective studies of any design 

142 that evaluated at least 10 patients will be included.

143

144 Several frameworks for categorizing clinical symptoms and severity induced by 

145 pharmacological agents including contrast media exist. We will employ an accepted 

146 general two-group framework (type A and type B) to classify acute contrast 

147 media-induced adverse reactions reported in primary studies in the main analysis.5 We 

148 then will reclassify the reported acute adverse reactions using the current ACR 

149 categorization system2 in a sensitivity analysis to assess the applicability and difference 

150 between the two frameworks. Delayed reactions occurring more than 1 hour after 

151 contrast media administration will not be assessed. A breakthrough reaction will be 

152 defined as an acute type B reaction of any severity that occurs despite premedication. 

153 We will operationally classify any randomized controlled trials (RCTs) and any studies 

154 with a non-randomized design that compared two or more intervention groups (i.e., 

155 so-called non-randomized studies of intervention [e.g., quasi-RCTs, cohort studies, 

156 case-control studies]) as “comparative studies.” “Non-comparative studies” will include 

157 single-group studies and case series.

158

159 We will exclude editorials, comments, letters to the editor, and review articles. Multiple 

160 publications with potentially overlapping patient populations can overestimate the 

161 volume of evidence. Therefore, for overlapping study populations, we will only include 

162 the publication with the largest sample size. We will contact the study authors by email 
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163 if the publications do not report adequate information about the patient characteristics 

164 and reaction classifications. We will consider our request to be rejected if two email 

165 request reminders sent separately 14 days after the initial contact attempt are not 

166 returned. 

167

168 The results of our electronic searches will be imported into reference management 

169 software and duplicate results will be removed. Multiple paired investigators will 

170 independently double-screen non-overlapping sets of abstracts (e.g., the first half of the 

171 abstracts will be assigned to team A [2 investigators] and the second half of the 

172 abstracts will be assigned to team B [2 investigators] in the case of two paired teams) 

173 and examine full-text articles for potentially eligible citations. We will use Abstrackr 

174 (Center for Evidence Synthesis in Health, Brown University, Providence, RI, available 

175 at abstrackr.cebm.brown.edu), a free, open-source, citation screening program for 

176 abstract screening. A third investigator will adjudicate any discrepant results if 

177 consensus cannot be reached between the two reviewers.

178

179 Data extraction

180 We will extract the following descriptive data from eligible studies. Study 

181 characteristics will include first author, year of publication, journal, and study design 

182 (prospective vs. retrospective, comparative study vs. non-comparative study). 
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183 Participant characteristics will include age, sex, history and severity and type of any 

184 prior acute adverse reaction to iodinated contrast material, allergic diathesis including 

185 severe allergy(-ies) to other substances and asthma,2 and other known risk factors for 

186 adverse reactions. Contrast media characteristics will include brand and generic names 

187 and doses of contrast media administered. Intervention characteristics will include 

188 premedication strategies including drugs, doses, duration, and change in contrast agent. 

189 Outcome characteristics will include details of and change in adverse reactions (kinds 

190 and severity), assessors of adverse reactions (number and experience), and 

191 categorization system to classify and grade acute adverse events. We will operationally 

192 define guideline-recommended regimens as the 12- to 13-hour oral administration of 

193 corticosteroids with or without use of an anti-histamine, and standard accelerated 

194 regimen as a 5- to 11-hour intravenous administration of corticosteroids with or without 

195 the use of an anti-histamine.2 If a study adopted ad-hoc definitions or categorization 

196 systems other than the two-group classification framework or those proposed by the 

197 ACR, we will specify these differences in sufficient detail. One primary investigator 

198 will extract the descriptive data, which will be verified by a second investigator.

199
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200 Two reviewers will independently double-extract quantitative data from each 

201 publication. We will determine the relative risk of a hypersensitivity reaction between 

202 two (or more) groups in comparative studies. We will extract the number of patients in 

203 each group, as well as the number of patients who developed a hypersensitivity reaction. 

204 If relevant count data cannot be determined from the publication, we will instead extract 

205 the reported point estimates and their confidence intervals. 

206

207 We will extract quantitative measures (e.g., risk ratios, odds ratios) of the association of 

208 the presence or absence of a predictor with the development of a breakthrough reaction. 

209 We will prefer adjusted values over unadjusted values if both are reported. A priori 

210 candidate predictors selected for extraction include specific index type B reactions and 

211 their grades, and any allergic diathesis and its severity. 

212

213 Assessment of risk of bias 

214 For RCTs, we will use the revised tool to assess risk of bias in randomized trials (RoB 2 

215 tool).22 We will assess five domains of RCT study validity (i.e., randomization process, 

216 deviations from intended interventions, missing outcome data, measurement of 

217 outcomes, selective reporting) and then assign an overall risk of bias for each trial. 

218

219 For non-randomized intervention studies, we will use the Risk Of Bias In 

220 Non-randomized Studies of Interventions (ROBINS-I) tool for cohort studies,23 and the 
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221 Cochrane Risk Of Bias Assessment Tool for Non-Randomized Studies of Interventions 

222 (ACROBAT-NRSI) for case-control studies.24 We will assess seven domains of study 

223 validity (i.e., confounding, participant selection, classification of interventions, 

224 deviations from intended interventions, missing data, measurement of outcomes, and 

225 selective reporting) and then assign an overall risk of bias for each study. 

226

227 For single-group observational studies that assessed a predictor in a specific clinical 

228 context (e.g., development of a breakthrough reaction under a premedication regimen), 

229 we will use a revised version of the Quality in Prognosis Studies tool (the QUIPS-2).25 

230 We will assess six domains of study validity (study participation, study attrition, 

231 prognostic factor measurement, outcome measurement, confounding measurement and 

232 account, and analysis and reporting) and then assign an overall risk of bias for each 

233 study.

234

235 Two reviewers will independently assess each item and rate the domain-specific and 

236 overall risks of bias. Discrepant ratings will be resolved by consensus. A third 

237 independent investigator will adjudicate any unresolved discrepancies. The complete list 

238 of modified operational definitions used to rate each item will be available from the 

239 authors upon request.

240

241 Data synthesis
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242 The primary outcome of interest will be the relative risk of an acute type B 

243 (hypersensitivity) reaction between specific prevention strategies. Secondary outcomes 

244 will include the breakthrough reaction rate of each specific strategy and the predictive 

245 performances of covariates for overall and severe breakthrough reactions. For all 

246 outcome measures, we will first construct an evidence map by performing qualitative 

247 syntheses based on graphs and tables to examine the diversity and volume of available 

248 evidence on this topic.26 27 If feasible, we will then perform a quantitative synthesis. 

249

250 For summary relative measures (e.g., relative risk of an acute type B reaction) based on 

251 count data, we will perform a random-effects meta-analysis using the binomial 

252 likelihood with logit link in a generalized linear modeling framework (i.e., 

253 random-effects logistic regression).28 If already-estimated relative measures are the only 

254 extractable formats, we will utilize the log-transformed estimates and their variances as 

255 “plug-in” estimates. If appropriate, the meta-analytical model for a specific pairwise 

256 comparison will be extended to a network meta-analysis to synthesize data from both 

257 direct and indirect comparisons of all available studies in a single analysis.28

258

259 For summary estimates of the proportion measures in non-comparative studies, we will 

260 perform a random-effects meta-analysis of proportions using the binomial likelihood 

261 and logit link (i.e., so-called the binomial-normal model).29

262
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263 Additional analyses

264 We will estimate the between-study standard deviation parameter, tau, and I2 statistic 

265 and corresponding 95% credible intervals as measures of statistical heterogeneity. An I2 

266 >50% will indicate intermediate heterogeneity, while an I2 >70% will indicate high 

267 heterogeneity.30 

268

269 To explore statistical heterogeneity, we will perform subgroup analyses and, if feasible, 

270 a univariable random-effects meta-regression.28 Preplanned candidate factors will 

271 include the use of guideline-recommended premedication regimens (vs. 

272 non-guideline-recommended or ad-hoc regimens), alterations of the culprit contrast 

273 media (vs. not), use of the general two-group classification framework vs. the ACR 

274 categorization systems for the classification and grading of reactions (vs. others), and 

275 severity and type of prior reactions to iodinated contrast media. We will consider 

276 conducting sensitivity analyses by reclassifying and/or re-grading the reported reactions 

277 based on the two-group classification system and the ACR classification system for 

278 studies not using these classification frameworks, if pertinent individual-level data are 

279 presented.

280

281 We will assess funnel-plot asymmetry if at least 10 studies are included.31 To address 

282 potential biases derived from missing outcome data, we will apply the approach 

283 proposed by Turner et al.32 We will assess the certainty of evidence using the Grading 
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284 of Recommendations Assessment, Development, and Evaluation (GRADE) approach. 

285 33

286

287 Statistical software

288 We will conduct all analyses using Stata version 14/SE (Stata Corp., College Station, 

289 TX, USA) and OpenBUGS version 3.2.3 (members of OpenBUGS Project Management 

290 Group; see www.openbugs.net). All tests will be two-sided, and statistical significance 

291 will be defined as a P value <0.05.

292

293 Patient and Public Involvement

294 We did not involve patients or the public in the preparation of this systematic review 

295 protocol.

296

297 DISCUSSION

298 The revised 2019 ESUR guidelines on Contrast Agents retracted recommendations for 

299 the premedication of patients at an increased risk of contrast reaction due to a lack of 

300 scientific evidence of efficacy.9 This position is inconsistent with the latest guidelines of 

301 other professional societies, including the ACR (ACR Manual on Contrast Media v. 

302 10.3),2 the Canadian Association of Radiologists,34 and the Japan Radiological 

303 Society.35 Also, concerns have been raised on the relevance and impact of the 
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304 classification systems and nomenclature of contrast media-induced adverse reactions, 

305 and their recommended management proposed in guidelines.4 Given the wide 

306 application of iodinated contrast media in medical imaging and interventional 

307 procedures, the uncertainty surrounding the optimization of prevention strategies based 

308 on the proposed framework, and the absence of recently published evidence reviews, we 

309 believe that it will be worthwhile to conduct a new systematic review that critically 

310 examines the existing evidence on interventions to reduce acute contrast media-induced 

311 adverse reactions. Using a comprehensive evidence map of the published literature on 

312 the effects of pharmacologic and non-pharmacologic interventions and, if feasible, new 

313 meta-analytic results, we hope to clarify the actionable evidence regarding the use of 

314 preventive interventions.

315

316 ETHICS AND DISSEMINATION

317 As this is a systematic review, we are not planning to obtain a formal ethical approval. 

318 The findings from the review will be disseminated through publications in 

319 peer-reviewed journals, and presentations at conferences.
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465 Table 1. Inclusion criteria based on the PICOD framework

PICOD Specific details

Population Patients who received intravenous or intra-arterial non-ionic iodinated CM*

-High-risk population

-Low-risk population

-No risk-stratified population

Interventions 

/Comparators and 

co-interventions

Pharmacological interventions†

1. 12- or 13-hour oral corticosteroids with or without anti-histamine
2. 5- to 11-hour IV corticosteroids with or without anti-histamine
3. Any premedication less than 5 hours using corticosteroids, 

anti-histamine, or both

Non-pharmacological interventions

-Change of CM that caused prior Type B hypersensitivity reaction

Outcomes Rates of acute (<1 hour) Type B hypersensitivity reactions‡

-Acute reaction-related deaths within 30 days

-Severe reactions only

-Moderate and severe reactions only

-Upgraded reactions compared to the index reactions

-All hypersensitivity reactions

Rates of adverse events induced by preventive interventions

Predictors of acute Patient-level characteristics
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adverse reactions -Prior Type B hypersensitivity reactions

-Prior Type A physiologic reactions§

-Allergic diathesis (e.g., asthma, food or drug allergy, etc.)

Intervention-level characteristics

-Types and regimens of interventions

-Dosing of specific premedication drugs

-Change of CM (specific class/product and/or dosing)

Designs Any study designs including at least 10 patients

-Randomized controlled trials

-Nonrandomized trials

-Prospective and retrospective cohorts

Comparative (two or more-group) design

Single-group design

466 * Per-study defined risk criteria are allowed.

467 †Both guideline-recommended and ad-hoc regimens are allowed, but will be analyzed separately. 

468 guideline-recommended oral regimens are defined as follows:2 13-hour regimen: prednisone 50 mg PO at 

469 13, 7, and 1 hrs before CM injection +/- optional diphenhydramine 50 mg IV, IM, or PO at 1 hr before CM 

470 injection; 12-hour regimen: methylpredonisolone 32 mg PO at 12, and 2 hrs before CM injection +/- 

471 optional antihistamine. Guideline-recommended urgent regimens are: methylprednisolone 40 mg or 
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472 hydrocortisone 200 mg IV every 4 hrs until CM injection (minimum cumulative duration 5 hours) +/- 

473 diphenhydramine 50 mg IV at 1 hr before CM injection. Any premedication that does not include 

474 corticosteroids or that is less than 5 hours in duration is non-standard.

475 ‡Grades of Type B hypersensitivity reactions are defined as follows2: mild reactions include limited 

476 urticaria/pruritis, cutaneous edema, limited “itchy”/“scratchy” throat, nasal congestion, sneezing, 

477 conjunctivitis, and rhinorrhea; moderate reactions include diffuse urticaria/pruritis, diffuse erythema with 

478 stable vital signs, facial edema without dyspnea, throat tightness or hoarseness without dyspnea, and 

479 wheezing/bronchospasm with mild or no hypoxia; and severe reactions include diffuse edema, facial edema 

480 with dyspnea, diffuse erythema with hypotension, laryngeal edema with stridor and/or hypoxia, 

481 wheezing/bronchospasm with significant hypoxia, and anaphylactic shock (hypotension + tachycardia).

482 §Grades of Type A physiologic reactions are defined as follows2: mild reactions include limited 

483 nausea/vomiting, transient flushing, warmth, chills, headache, dizziness, anxiety, altered taste, mild 

484 hypertension, and vasovagal reaction that resolves spontaneously; moderate reactions include protracted 

485 nausea/vomiting, hypertensive urgency, isolated chest pain, and vasovagal reaction that requires and is 

486 responsive to treatment; and severe reactions include vasovagal reaction resistant to treatment, arrhythmia, 

487 convulsions, seizures, and hypertensive emergency.

488
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489 Abbreviations: CM = contrast medium; IM = intramuscularly; IV = intravenously; PICOD = populations, 

490 interventions, comparator interventions, outcomes, and study designs; PO = orally
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491 Figure legend

492 Figure 1. Analytic framework.

493 Abbreviations: CM = contrast media; KQ = key question
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Rates of acute adverse reactions

-Deaths

-Severe reactions

-Moderate to severe reactions

-Upgraded reactions compared to 

the index reactions

-All vs. specific reactions

KQ1

KQ3

KQ2

Interventions/Comparators:

Pharmacological interventions
-12- or 13-hour corticosteroids with or 

without anti-histamine

-5- to 11-hour accelerated IV corticosteroids 

with or without anti-histamine

-Any preps less than 5 hours, including 

steroids, anti-histamine, or both

Non-pharmacological interventions
-Switching agents

-Other interventions

Predictors of clinical outcomes

Patient-level characteristics

-Prior adverse reactions

-Allergic diathesis

Intervention-level characteristics

-Type (and dosing) of interventions 

(premedication drugs)

-Patterns of CM change

Adverse events of 

specific interventions

Patients receiving CM:

-High-risk population 

-low-risk population

-No risk-stratified population

Key Question 1. What is the effect of interventions to reduce acute (<1 hour) hypersensitivity (Type B) reactions in patients receiving CM?

Key Question 2. What are the patient-level and intervention-level characteristics (i.e., predictors) associated with CM-induced acute 

hypersensitivity (Type B) reactions?

Key Question 3. What are the complications and adverse events associated with specific interventions to reduce CM-induced adverse 

reactions?
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SUPPLEMENTARY FILE 

 

Search strategies 

PubMed 

1. "Contrast Media"[Pharmacological Action] 

2. radiocontrast* 

3. iodinated contrast* 

4. contrast material* 

5. iodine contrast*  

6. iodixanol OR iohexol OR iopamidol OR ioversol OR ioxilan OR iopromide OR 

iobitridol OR iomeprol 

7. #1 OR #2 OR #3 OR #4 OR #5 OR #6 

8. "Adverse Effects"[Subheading] 

9. Adverse 

10. "side effect" 

11. "side effects" 

12. reaction* 

13. harm* 

14. complicat* 

15. toxicit* 

16. hypersensitiv* 

17. breakthrough reaction* 

18. anaphyla* 

19. allerg* 

20. #8 OR #9 OR #10 OR #11 OR #12 OR #13 OR #14 OR #15 OR #16 OR #17 OR #18 

OR #19 

21. Premedication[Mesh] 

22. premedicat* 

23. prevent* 

24. prophyla* 

25. steroid* 

26. corticosteroid* 

27. antihistamine* 

28. #21 OR #22 OR #23 OR #24 OR #25 OR #26 OR #27 

29. #7 AND #20 AND #28 

  

Page 32 of 36

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml

BMJ Open

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60

 on A
pril 10, 2024 by guest. P

rotected by copyright.
http://bm

jopen.bm
j.com

/
B

M
J O

pen: first published as 10.1136/bm
jopen-2019-033023 on 9 M

arch 2020. D
ow

nloaded from
 

http://bmjopen.bmj.com/


For peer review only

Cochrane Central Register of Controlled Trials (Ovid)  

1. contrast media.mp. or exp Contrast Media/ 

2. radiocontrast*.mp. 

3. iodinated contrast*.mp. 

4. contrast material*.mp. 

5. Iodine/ or iodine contrast*.mp. 

6. (iodixanol or iohexol or iopamidol or ioversol or ioxilan or iopromide or iobitridol 

or iomeprol).mp. [mp=title, original title, abstract, mesh headings, heading words, 

keyword] 

7. 1 or 2 or 3 or 4 or 5 or 6 

8. Adverse Effects.mp. 

9. "Drug-Related Side Effects and Adverse Reactions"/ or adverse.mp. 

10. side effect.mp. 

11. side effects.mp. 

12. reaction*.mp. 

13. Patient Harm/ or harm*.mp. 

14. complicat*.mp. 

15. toxicit*.mp. 

16. Hypersensitivity/ or hypersensitiv*.mp. 

17. breakthrough reaction*.mp. [mp=title, original title, abstract, mesh headings, 

heading words, keyword] 

18. Anaphylaxis/ or anaphyla*.mp. 

19. allerg*.mp. 

20. 8 or 9 or 10 or 11 or 12 or 13 or 14 or 15 or 16 or 17 or 18 or 19 

21. premedication.mp. or Premedication/ 

22. premedicat*.mp. 

23. prevent*.mp. 

24. prophyla*.mp. 

25. steroid*.mp. 

26. Glucocorticoids/ or corticosteroid*.mp. 

27. antihistamine*.mp. or Histamine H1 Antagonists/ 

28. 21 or 22 or 23 or 24 or 25 or 26 or 27 

29. 7 and 20 and 28 
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Embase 

1. 'contrast medium'/exp OR 'contrast medium' 

2. radiocontrast* 

3. 'iodinated contrast medium'/exp OR 'iodinated contrast medium' 

4. iodinated AND contrast* 

5. ('contrast'/exp OR contrast) AND material* 

6. ('iodine'/exp OR iodine) AND contrast* 

7. 'iodixanol'/exp OR iodixanol OR 'iohexol'/exp OR iohexol OR 'iopamidol'/exp OR 

iopamidol OR 'ioversol'/exp OR ioversol OR 'ioxilan'/exp OR ioxilan OR 

'iopromide'/exp OR iopromide OR 'iobitridol'/exp OR iobitridol OR 'iomeprol'/exp 

OR iomeprol 

8. #1 OR #2 OR #3 OR #4 OR #5 OR #6 OR #7 

9. 'adverse event'/exp OR 'adverse event' 

10. Adverse 

11. 'side effect'/exp OR 'side effect' 

12. 'side effects' 

13. reaction* 

14. harm* 

15. 'complication'/exp OR 'complication' 

16. complicat* 

17. 'toxicity'/exp OR 'toxicity' 

18. toxicit* 

19. 'hypersensitivity'/exp OR 'hypersensitivity' 

20. hypersensitiv* 

21. breakthrough AND reaction* 

22. 'anaphylaxis'/exp OR 'anaphylaxis' 

23. anaphyla* 

24. allerg* 

25. 'immediate type hypersensitivity'/exp OR 'immediate type hypersensitivity' 

26. 'allergy'/exp OR 'allergy' 

27. #9 OR #10 OR #11 OR #12 OR #13 OR #14 OR #15 OR #16 OR #17 OR #18 OR 

#19 OR #20 OR #21 OR #22 OR #23 OR #24 OR #25 OR #26 

28. 'premedication'/exp OR 'premedication' 

29. premedicat* 

30. 'prevention'/exp OR 'prevention' 

31. prevent* 
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32. 'prophylaxis'/exp OR 'prophylaxis' 

33. prophyla* 

34. 'steroid'/exp OR 'steroid' 

35. steroid* 

36. 'corticosteroid'/exp OR 'corticosteroid' 

37. corticosteroid* 

38. 'antihistaminic agent'/exp OR 'antihistaminic agent' 

39. 'histamine h1 receptor antagonist'/exp OR 'histamine h1 receptor antagonist' 

40. antihistamine* 

41. #28 OR #29 OR #30 OR #31 OR #32 OR #33 OR #34 OR #35 OR #36 OR #37 OR 

#38 OR #39 OR #40  

42. #8 AND #27 AND #41 

43. #42 AND ('article'/it OR 'article in press'/it OR 'conference paper'/it OR 'short 

survey'/it)  
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PRISMA-P (Preferred Reporting Items for Systematic review and Meta-Analysis Protocols) 2015 checklist: recommended items to 
address in a systematic review protocol* 
Section and topic Item 

No
Checklist item Reporting Page 

No

ADMINISTRATIVE INFORMATION
Title:

 Identification 1a Identify the report as a protocol of a systematic review 1
 Update 1b If the protocol is for an update of a previous systematic review, identify as such NA

Registration 2 If registered, provide the name of the registry (such as PROSPERO) and registration number 3
Authors:

 Contact 3a Provide name, institutional affiliation, e-mail address of all protocol authors; provide physical mailing address of 
corresponding author

1

 Contributions 3b Describe contributions of protocol authors and identify the guarantor of the review 18
Amendments 4 If the protocol represents an amendment of a previously completed or published protocol, identify as such and list changes; 

otherwise, state plan for documenting important protocol amendments
6-7

Support:
 Sources 5a Indicate sources of financial or other support for the review 18-19
 Sponsor 5b Provide name for the review funder and/or sponsor NA
 Role of sponsor 
or funder

5c Describe roles of funder(s), sponsor(s), and/or institution(s), if any, in developing the protocol NA

INTRODUCTION
Rationale 6 Describe the rationale for the review in the context of what is already known 5-6
Objectives 7 Provide an explicit statement of the question(s) the review will address with reference to participants, interventions, 

comparators, and outcomes (PICO)
7-9

METHODS
Eligibility criteria 8 Specify the study characteristics (such as PICO, study design, setting, time frame) and report characteristics (such as years 

considered, language, publication status) to be used as criteria for eligibility for the review
9-10

Information sources 9 Describe all intended information sources (such as electronic databases, contact with study authors, trial registers or other 
grey literature sources) with planned dates of coverage

8-9

Search strategy 10 Present draft of search strategy to be used for at least one electronic database, including planned limits, such that it could be 
repeated

8-9 and 
supplementary 
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file
Study records:

 Data 
management

11a Describe the mechanism(s) that will be used to manage records and data throughout the review 11

 Selection 
process

11b State the process that will be used for selecting studies (such as two independent reviewers) through each phase of the review 
(that is, screening, eligibility and inclusion in meta-analysis)

11

 Data collection 
process

11c Describe planned method of extracting data from reports (such as piloting forms, done independently, in duplicate), any 
processes for obtaining and confirming data from investigators

12-13

Data items 12 List and define all variables for which data will be sought (such as PICO items, funding sources), any pre-planned data 
assumptions and simplifications

11-12

Outcomes and 
prioritization

13 List and define all outcomes for which data will be sought, including prioritization of main and additional outcomes, with 
rationale

15

Risk of bias in 
individual studies

14 Describe anticipated methods for assessing risk of bias of individual studies, including whether this will be done at the 
outcome or study level, or both; state how this information will be used in data synthesis

13-14

15a Describe criteria under which study data will be quantitatively synthesised 15
15b If data are appropriate for quantitative synthesis, describe planned summary measures, methods of handling data and methods 

of combining data from studies, including any planned exploration of consistency (such as I2, Kendall’s τ)
15

15c Describe any proposed additional analyses (such as sensitivity or subgroup analyses, meta-regression) 16

Data synthesis

15d If quantitative synthesis is not appropriate, describe the type of summary planned 15
Meta-bias(es) 16 Specify any planned assessment of meta-bias(es) (such as publication bias across studies, selective reporting within studies) 16
Confidence in 
cumulative evidence

17 Describe how the strength of the body of evidence will be assessed (such as GRADE) 16

* It is strongly recommended that this checklist be read in conjunction with the PRISMA-P Explanation and Elaboration (cite when available) for important 
clarification on the items. Amendments to a review protocol should be tracked and dated. The copyright for PRISMA-P (including checklist) is held by the 
PRISMA-P Group and is distributed under a Creative Commons Attribution Licence 4.0. 

From: Shamseer L, Moher D, Clarke M, Ghersi D, Liberati A, Petticrew M, Shekelle P, Stewart L, PRISMA-P Group. Preferred reporting items for systematic review and 
meta-analysis protocols (PRISMA-P) 2015: elaboration and explanation. BMJ. 2015 Jan 2;349(jan02 1):g7647.
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2

1 ABSTRACT

2 Introduction: Iodinated contrast media are commonly used in medical imaging and can 

3 cause hypersensitivity reactions, including rare but severe life-threatening reactions. 

4 Although several prophylactic approaches have been proposed for severe reactions, 

5 their effects remain unclear. Therefore, we aim to review systematically the preventive 

6 effects of pharmacologic and non-pharmacologic interventions and predictors of acute, 

7 hypersensitivity reactions.

8 Methods and analysis: We will search the PubMed, EMBASE, and CENTRAL 

9 databases from January 1, 1990 through December 31, 2019 and will examine the 

10 bibliographies of eligible studies, pertinent review articles, and clinical practice 

11 guidelines. We will include prospective and retrospective studies of any design that 

12 evaluated the effects of pharmacological and non-pharmacological preventive 

13 interventions for adverse reactions of non-ionic iodinated contrast media. Two assessors 

14 will independently extract the characteristics of the study and intervention and the 

15 quantitative results. Two independent reviewers will assess the risk of bias using 

16 standard design-specific validity assessment tools. The primary outcome will be 

17 reduction in acute contrast media-induced hypersensitivity reactions. The secondary 

18 outcomes will include characteristics associated with the development of contrast 

19 media-induced acute hypersensitivity reactions, and adverse events associated with 

20 specific preventive interventions. Unique premedication regimens (e.g., dose, drug, and 

21 duration) and non-pharmacological strategies will be analyzed separately. Average- and 

Page 3 of 36

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml

BMJ Open

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60

 on A
pril 10, 2024 by guest. P

rotected by copyright.
http://bm

jopen.bm
j.com

/
B

M
J O

pen: first published as 10.1136/bm
jopen-2019-033023 on 9 M

arch 2020. D
ow

nloaded from
 

http://bmjopen.bmj.com/


For peer review only

3

22 high-risk patients will be considered separately. A meta-analysis will be performed if 

23 appropriate.

24 Ethics and dissemination: Ethics approval is not applicable, as this will be a secondary 

25 analysis of publicly available data. The results of the analysis will be submitted for 

26 publication in a peer reviewed journal. 

27 PROSPERO registration number: CRD42019134003.
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4

28 Strengths and limitations of this study

29 -This will be the first systematic review and meta-analysis to assess and compare the 

30 preventive effectiveness of pharmacologic and non-pharmacologic interventions for 

31 preventing acute hypersensitivity reactions caused by non-ionic iodinated contrast 

32 media.

33 -Comprehensive literature searches and up-to-date systematic review methodologies 

34 will be used to identify actionable evidence.

35 -If the number of studies is too small, or clinical or statistical across-study heterogeneity 

36 is deemed too great, a quantitative synthesis may not be feasible.
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5

37 INTRODUCTION

38 Iodinated contrast media are commonly used to enhance computed tomography (CT) 

39 examinations for diagnosis and treatment monitoring. However, non-ionic iodinated 

40 contrast media cause adverse reactions ranging from mild nausea or pruritus to 

41 hemodynamic shock and cardiopulmonary arrest in approximately 3% of patients.1 2 

42 Life-threatening reactions occur in approximately 4 in 10,000 cases.1 As millions of 

43 doses of iodinated contrast media are administered annually, severe reactions are 

44 expected to occur commonly within a population.3 

45

46 The mechanism underlying adverse reactions induced by contrast media is not fully 

47 understood and is likely multifactorial.2 However, based on a general framework for the 

48 classification of adverse drug reactions, the reactions induced by contrast media can be 

49 divided into two types—commonly referred to as type A and type B reactions.4 5 Type 

50 A reactions are physiologic and often dose-dependent reactions that are expected from 

51 the pharmacologic properties of the administered contrast media. Type B reactions are 

52 hypersensitivity reactions that are neither physiologic nor dose-dependent, and are 

53 usually unpredictable. Distinction between type A and type B reactions can facilitate 

54 designing prophylactic strategies for preventing contrast media-induced adverse 

55 reactions; nevertheless, the distinction is not straightforward, and some professional 

56 societies have discordant classification systems.4
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6

57

58 No perfect strategy has been established to mitigate the risk of acute severe contrast 

59 media-induced hypersensitivity reactions. Only weak evidence supports 

60 pharmacological interventions including corticosteroids and/or antihistamines.2 For 

61 example, premedication often fails6 and can induce adverse effects such as 

62 corticosteroid-induced hyperglycemia and indirectly contributed to prolonged 

63 hospitalization.7 8 Purported risk factors for contrast media-induced reactions predict 

64 reactions of any severity; they do not specifically predict acute life-threatening 

65 reactions.2 9 Further, the comparative effectiveness of alternative preventive strategies 

66 involving pharmacological and non-pharmacological interventions has not been 

67 systematically evaluated.6 7 8 10 11 12 Although professional societies including the 

68 American College of Radiology (ACR) propose several premedication regimens,2 only 

69 one has been tested in a randomized design, and that study had methodological 

70 challenges.13 Premedication practice varies,14 15 which precludes a standardized 

71 comparative assessment among alternative pharmacologic and non-pharmacological 

72 interventions. Given this uncertainty, the 2019 European Society of Urogenital 

73 Radiology (ESUR) Guideline on Contrast Agents indicates that “premedication is not 

74 recommended because there is not good evidence of its effectiveness (page 7, A1.1).”9 

75

76 Since the publication of two systematic reviews in 2006 that evaluated the effectiveness 

77 of premedication regimens,16 17 several relevant studies of pharmacological and 
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78 alternative, non-pharmacological strategies (e.g., exchanging one contrast medium for 

79 an alternative) have been published and have influenced the ACR and ESUR 

80 guidelines.18 19 In addition, the two prior systematic reviews on this topic included 

81 pharmacological prophylaxis only in the context of now-outdated high-osmolality 

82 iodinated contrast media that are no longer used in clinical practice. Therefore, we 

83 planned a comprehensive quantitative synthesis of clinical data on the effects of 

84 pharmacological and non-pharmacological prophylactic strategies for the prevention of 

85 acute adverse reactions to non-ionic iodinated contrast media.

86

87 METHODS AND ANALYSIS

88 This systematic review protocol follows the Preferred Reporting Items for Systematic 

89 Review and Meta-Analysis Protocols 2015 statement (PRISMA-P).20 Based on the 

90 analytic framework shown in the Figure 1, we have formulated the following three key 

91 research questions and related sub-questions:

92 Key Question 1. What is the effect of interventions to reduce acute (<1 hour) 

93 hypersensitivity (Type B) reactions in patients receiving contrast media?

94           Key Question 1a: What is the preventive effect of guideline-recommended 

95 oral (12- or 13-hour), guideline-recommended accelerated intravenous 

96 (5- to 11-hour), or non-guideline emergent intravenous (<5-hour) 
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97 premedication on acute (<1 hour) hypersensitivity reactions in patients 

98 receiving contrast media?

99           Key Question 1b: What is the preventive effect of a change of contrast 

100 media alone on acute (<1 hour) hypersensitivity reactions in patients 

101 receiving contrast media?

102           Key Question 1c: What is the preventive effect of combining standard oral 

103 (12- or 13-hour) premedication and a change of contrast media on acute 

104 (<1 hour) hypersensitivity reactions in patients receiving contrast media? 

105           Key Question 1d: What is the preventive effect of other interventions (other 

106 than the above listed) on acute (<1 hour) hypersensitivity reactions?

107           Key Question 1e: What is the preventive effect of any interventions for 

108 acute (<1 hour) adverse reactions of any type (i.e., both type A and B 

109 reactions)?

110 Key Question 2. What are the patient-level and intervention-level characteristics (i.e., 

111 predictors) associated with contrast media-induced acute hypersensitivity (Type B) 

112 reactions?

113 Key Question 3. What are the complications and adverse events associated with 

114 specific interventions to reduce contrast media-induced adverse reactions?

115
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116 Literature search

117 We will search the PubMed, EMBASE, and Cochrane Central Register of Controlled 

118 Trials (CENTRAL) databases from January 1, 1990 through December 31, 2019 for 

119 both English- and non-English-language publications, using search terms such as 

120 “iodinated contrast media,” “premedication,” “adverse reaction,” “breakthrough 

121 reactions,” and their synonyms. The complete search strategy and full list of databases 

122 are available as an online Supplementary file. We will include studies published after 

123 1990, when non-ionic contrast media were developed and disseminated widely. We also 

124 will examine the references of eligible studies, relevant review articles, and existing 

125 clinical practice guidelines developed by professional societies such as the ACR and 

126 ESUR.2 9 All potentially eligible non-English publications will be translated into 

127 English before full-text assessment.

128

129 Inclusion and exclusion criteria

130 We will include studies that assessed patients who received intravenous or intra-arterial 

131 non-ionic iodinated contrast media and any interventions to reduce contrast media-

132 induced adverse reactions. The Table 1 presents our detailed inclusion criteria, which 

133 follow a generally accepted framework to formulate a systematic review question 

134 comprising 5 key components: populations, interventions, comparator interventions, 

135 outcomes, and study designs.21 Regarding pharmacological prophylactic interventions, 

136 we will focus on premedication based on corticosteroids, anti-histamines, or both, and 
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137 exclude studies that tested other medications (e.g., ephedrine, diazepam, atropine) 

138 because these are not relevant to current clinical practice. We also will exclude studies 

139 that assessed patients who received high-osmolality contrast media because they are no 

140 longer used in clinical practice. Both prospective and retrospective studies of any design 

141 that evaluated at least 10 patients will be included.

142

143 Several frameworks for categorizing clinical symptoms and severity induced by 

144 pharmacological agents including contrast media exist. We will employ an accepted 

145 general two-group framework (type A and type B) to classify acute contrast media-

146 induced adverse reactions reported in primary studies in the main analysis.5 We then 

147 will reclassify the reported acute adverse reactions using the current ACR categorization 

148 system2 in a sensitivity analysis to assess the applicability and difference between the 

149 two frameworks. Delayed reactions occurring more than 1 hour after contrast media 

150 administration will not be assessed. A breakthrough reaction will be defined as an acute 

151 type B reaction of any severity that occurs despite premedication. We will operationally 

152 classify any randomized controlled trials (RCTs) and any studies with a non-

153 randomized design that compared two or more intervention groups (i.e., so-called non-

154 randomized studies of intervention [e.g., quasi-RCTs, cohort studies, case-control 

155 studies]) as “comparative studies.” “Non-comparative studies” will include single-group 

156 studies and case series.

157
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158 We will exclude editorials, comments, letters to the editor, and review articles. Multiple 

159 publications with potentially overlapping patient populations can overestimate the 

160 volume of evidence. Therefore, for overlapping study populations, we will only include 

161 the publication with the largest sample size. We will contact the study authors by email 

162 if the publications do not report adequate information about the patient characteristics 

163 and reaction classifications. We will consider our request to be rejected if two email 

164 request reminders sent separately 14 days after the initial contact attempt are not 

165 returned. 

166

167 The results of our electronic searches will be imported into reference management 

168 software and duplicate results will be removed. Multiple paired investigators will 

169 independently double-screen non-overlapping sets of abstracts (e.g., the first half of the 

170 abstracts will be assigned to team A [2 investigators] and the second half of the 

171 abstracts will be assigned to team B [2 investigators] in the case of two paired teams) 

172 and examine full-text articles for potentially eligible citations. We will use Abstrackr 

173 (Center for Evidence Synthesis in Health, Brown University, Providence, RI, available 

174 at abstrackr.cebm.brown.edu), a free, open-source, citation screening program for 

175 abstract screening. A third investigator will adjudicate any discrepant results if 

176 consensus cannot be reached between the two reviewers.

177

178 Data extraction
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179 We will extract the following descriptive data from eligible studies. Study 

180 characteristics will include first author, year of publication, journal, and study design 

181 (prospective vs. retrospective, comparative study vs. non-comparative study). 

182 Participant characteristics will include age, sex, history and severity and type of any 

183 prior acute adverse reaction to iodinated contrast media, allergic diathesis including 

184 severe allergy(-ies) to other substances and asthma,2 and other known risk factors for 

185 adverse reactions. Contrast media characteristics will include brand and generic names 

186 and doses of contrast media administered. Intervention characteristics will include 

187 premedication strategies including drugs, doses, duration, and change in contrast media. 

188 Outcome characteristics will include details of and change in adverse reactions (kinds 

189 and severity), assessors of adverse reactions (number and experience), and 

190 categorization system to classify and grade acute adverse events. We will operationally 

191 define guideline-recommended regimens as the 12- to 13-hour oral administration of 

192 corticosteroids with or without use of an anti-histamine, and standard accelerated 

193 regimen as a 5- to 11-hour intravenous administration of corticosteroids with or without 

194 the use of an anti-histamine.2 If a study adopted ad-hoc definitions or categorization 
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195 systems other than the two-group classification framework or those proposed by the 

196 ACR, we will specify these differences in sufficient detail. One primary investigator 

197 will extract the descriptive data, which will be verified by a second investigator.

198

199 Two reviewers will independently double-extract quantitative data from each 

200 publication. We will determine the relative risk of a hypersensitivity reaction between 

201 two (or more) groups in comparative studies. We will extract the number of patients in 

202 each group, as well as the number of patients who developed a hypersensitivity reaction. 

203 If relevant count data cannot be determined from the publication, we will instead extract 

204 the reported point estimates and their confidence intervals. 

205

206 We will extract quantitative measures (e.g., risk ratios, odds ratios) of the association of 

207 the presence or absence of a predictor with the development of a breakthrough reaction. 

208 We will prefer adjusted values over unadjusted values if both are reported. A priori 

209 candidate predictors selected for extraction include specific index type B reactions and 

210 their grades, and any allergic diathesis and its severity. 

211

212 Assessment of risk of bias 

213 For RCTs, we will use the revised tool to assess risk of bias in randomized trials (RoB 2 
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214 tool).22 We will assess five domains of RCT study validity (i.e., randomization process, 

215 deviations from intended interventions, missing outcome data, measurement of 

216 outcomes, selective reporting) and then assign an overall risk of bias for each trial. 

217

218 For non-randomized intervention studies, we will use the Risk Of Bias In Non-

219 randomized Studies of Interventions (ROBINS-I) tool for cohort studies,23 and the 

220 Cochrane Risk Of Bias Assessment Tool for Non-Randomized Studies of Interventions 

221 (ACROBAT-NRSI) for case-control studies.24 We will assess seven domains of study 

222 validity (i.e., confounding, participant selection, classification of interventions, 

223 deviations from intended interventions, missing data, measurement of outcomes, and 

224 selective reporting) and then assign an overall risk of bias for each study. 

225

226 For single-group observational studies that assessed a predictor in a specific clinical 

227 context (e.g., development of a breakthrough reaction under a premedication regimen), 

228 we will use a revised version of the Quality in Prognosis Studies tool (the QUIPS-2).25 

229 We will assess six domains of study validity (study participation, study attrition, 

230 prognostic factor measurement, outcome measurement, confounding measurement and 

231 account, and analysis and reporting) and then assign an overall risk of bias for each 

232 study.

233
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234 Two reviewers will independently assess each item and rate the domain-specific and 

235 overall risks of bias. Discrepant ratings will be resolved by consensus. A third 

236 independent investigator will adjudicate any unresolved discrepancies. The complete list 

237 of modified operational definitions used to rate each item will be available from the 

238 authors upon request.

239

240 Data synthesis

241 The primary outcome of interest will be the relative risk of an acute type B 

242 (hypersensitivity) reaction between specific prevention strategies. Secondary outcomes 

243 will include the breakthrough reaction rate of each specific strategy and the predictive 

244 performances of covariates for overall and severe breakthrough reactions. For all 

245 outcome measures, we will first construct an evidence map by performing qualitative 

246 syntheses based on graphs and tables to examine the diversity and volume of available 

247 evidence on this topic.26 27 If feasible, we will then perform a quantitative synthesis. 

248

249 For summary relative measures (e.g., relative risk of an acute type B reaction) based on 

250 count data, we will perform a random-effects meta-analysis using the binomial 

251 likelihood with logit link in a generalized linear modeling framework (i.e., random-

252 effects logistic regression).28 If already-estimated relative measures are the only 

253 extractable formats, we will utilize the log-transformed estimates and their variances as 
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254 “plug-in” estimates. If appropriate, the meta-analytical model for a specific pairwise 

255 comparison will be extended to a network meta-analysis to synthesize data from both 

256 direct and indirect comparisons of all available studies in a single analysis.28

257

258 For summary estimates of the proportion measures in non-comparative studies, we will 

259 perform a random-effects meta-analysis of proportions using the binomial likelihood 

260 and logit link (i.e., so-called the binomial-normal model).29

261

262 Additional analyses

263 We will estimate the between-study standard deviation parameter, tau, and I2 statistic 

264 and corresponding 95% credible intervals as measures of statistical heterogeneity. An I2 

265 >50% will indicate intermediate heterogeneity, while an I2 >70% will indicate high 

266 heterogeneity.30 

267

268 To explore statistical heterogeneity, we will perform subgroup analyses and, if feasible, 

269 a univariable random-effects meta-regression.28 Preplanned candidate factors will 

270 include the use of guideline-recommended premedication regimens (vs. non-guideline-

271 recommended or ad-hoc regimens), alterations of the culprit contrast media (vs. not), 

272 use of the general two-group classification framework vs. the ACR categorization 

273 systems for the classification and grading of reactions (vs. others), and severity and type 
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274 of prior reactions to iodinated contrast media. We will consider conducting sensitivity 

275 analyses by reclassifying and/or re-grading the reported reactions based on the two-

276 group classification system and the ACR classification system for studies not using 

277 these classification frameworks, if pertinent individual-level data are presented.

278

279 We will assess funnel-plot asymmetry if at least 10 studies are included.31 To address 

280 potential biases derived from missing outcome data, we will apply the approach 

281 proposed by Turner et al.32 We will assess the certainty of evidence using the Grading 

282 of Recommendations Assessment, Development, and Evaluation (GRADE) approach. 33

283

284 Statistical software

285 We will conduct all analyses using Stata version 14/SE (Stata Corp., College Station, 

286 TX, USA) and OpenBUGS version 3.2.3 (members of OpenBUGS Project Management 

287 Group; see www.openbugs.net). All tests will be two-sided, and statistical significance 

288 will be defined as a P value <0.05.

289

290 Patient and Public Involvement

291 We did not involve patients or the public in the preparation of this systematic review 

292 protocol.

Page 18 of 36

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml

BMJ Open

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60

 on A
pril 10, 2024 by guest. P

rotected by copyright.
http://bm

jopen.bm
j.com

/
B

M
J O

pen: first published as 10.1136/bm
jopen-2019-033023 on 9 M

arch 2020. D
ow

nloaded from
 

http://www.openbugs.net/
http://bmjopen.bmj.com/


For peer review only

18

293

294 DISCUSSION

295 The revised 2019 ESUR guidelines on Contrast Agents retracted recommendations for 

296 the premedication of patients at an increased risk of contrast reaction due to a lack of 

297 scientific evidence of efficacy.9 This position is inconsistent with the latest guidelines of 

298 other professional societies, including the ACR (ACR Manual on Contrast Media v. 

299 10.3),2 the Canadian Association of Radiologists,34 and the Japan Radiological 

300 Society.35 Also, concerns have been raised on the relevance and impact of the 

301 classification systems and nomenclature of contrast media-induced adverse reactions, 

302 and their recommended management proposed in guidelines.4 Given the wide 

303 application of iodinated contrast media in medical imaging and interventional 

304 procedures, the uncertainty surrounding the optimization of prevention strategies based 

305 on the proposed framework, and the absence of recently published evidence reviews, we 

306 believe that it will be worthwhile to conduct a new systematic review that critically 

307 examines the existing evidence on interventions to reduce acute contrast media-induced 

308 adverse reactions. Using a comprehensive evidence map of the published literature on 

309 the effects of pharmacologic and non-pharmacologic interventions and, if feasible, new 

310 meta-analytic results, we hope to clarify the actionable evidence regarding the use of 

311 preventive interventions.

312

313 ETHICS AND DISSEMINATION
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314 As this is a systematic review, we are not planning to obtain a formal ethical approval. 

315 The findings from the review will be disseminated through publications in peer-

316 reviewed journals, and presentations at conferences.

317
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461 Table 1. Inclusion criteria based on the PICOD framework

PICOD Specific details

Population Patients who received intravenous or intra-arterial non-ionic iodinated CM*

-High-risk population

-Low-risk population

-No risk-stratified population

Interventions 

/Comparators and co-

interventions

Pharmacological interventions†

1. 12- or 13-hour oral corticosteroids with or without anti-histamine
2. 5- to 11-hour IV corticosteroids with or without anti-histamine
3. Any premedication less than 5 hours using corticosteroids, anti-

histamine, or both

Non-pharmacological interventions

-Change of CM that caused prior Type B hypersensitivity reaction

Outcomes Rates of acute (<1 hour) Type B hypersensitivity reactions‡

-Acute reaction-related deaths within 30 days

-Severe reactions only

-Moderate and severe reactions only

-Upgraded reactions compared to the index reactions

-All hypersensitivity reactions

Rates of adverse events induced by preventive interventions
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Predictors of acute 

adverse reactions

Patient-level characteristics

-Prior Type B hypersensitivity reactions

-Prior Type A physiologic reactions§

-Allergic diathesis (e.g., asthma, food or drug allergy, etc.)

Intervention-level characteristics

-Types and regimens of interventions

-Dosing of specific premedication drugs

-Change of CM (specific class/product and/or dosing)

Designs Any study designs including at least 10 patients

-Randomized controlled trials

-Nonrandomized trials

-Prospective and retrospective cohorts

Comparative (two or more-group) design

Single-group design

462 * Per-study defined risk criteria are allowed.

463 †Both guideline-recommended and ad-hoc regimens are allowed, but will be analyzed separately. guideline-

464 recommended oral regimens are defined as follows:2 13-hour regimen: prednisone 50 mg PO at 13, 7, and 1 

465 hrs before CM injection +/- optional diphenhydramine 50 mg IV, IM, or PO at 1 hr before CM injection; 12-
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466 hour regimen: methylpredonisolone 32 mg PO at 12, and 2 hrs before CM injection +/- optional 

467 antihistamine. Guideline-recommended urgent regimens are: methylprednisolone 40 mg or hydrocortisone 

468 200 mg IV every 4 hrs until CM injection (minimum cumulative duration 5 hours) +/- diphenhydramine 50 

469 mg IV at 1 hr before CM injection. Any premedication that does not include corticosteroids or that is less 

470 than 5 hours in duration is non-standard.

471 ‡Grades of Type B hypersensitivity reactions are defined as follows2: mild reactions include limited 

472 urticaria/pruritis, cutaneous edema, limited “itchy”/“scratchy” throat, nasal congestion, sneezing, 

473 conjunctivitis, and rhinorrhea; moderate reactions include diffuse urticaria/pruritis, diffuse erythema with 

474 stable vital signs, facial edema without dyspnea, throat tightness or hoarseness without dyspnea, and 

475 wheezing/bronchospasm with mild or no hypoxia; and severe reactions include diffuse edema, facial edema 

476 with dyspnea, diffuse erythema with hypotension, laryngeal edema with stridor and/or hypoxia, 

477 wheezing/bronchospasm with significant hypoxia, and anaphylactic shock (hypotension + tachycardia).

478 §Grades of Type A physiologic reactions are defined as follows2: mild reactions include limited 

479 nausea/vomiting, transient flushing, warmth, chills, headache, dizziness, anxiety, altered taste, mild 

480 hypertension, and vasovagal reaction that resolves spontaneously; moderate reactions include protracted 

481 nausea/vomiting, hypertensive urgency, isolated chest pain, and vasovagal reaction that requires and is 

482 responsive to treatment; and severe reactions include vasovagal reaction resistant to treatment, arrhythmia, 

483 convulsions, seizures, and hypertensive emergency.
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484

485 Abbreviations: CM = contrast medium; IM = intramuscularly; IV = intravenously; PICOD = populations, 

486 interventions, comparator interventions, outcomes, and study designs; PO = orally
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487 Figure legend

488 Figure 1. Analytic framework.

489 Abbreviations: CM = contrast media; KQ = key question
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Rates of acute adverse reactions

-Deaths

-Severe reactions

-Moderate to severe reactions

-Upgraded reactions compared to 

the index reactions

-All vs. specific reactions

KQ1

KQ3

KQ2

Interventions/Comparators:

Pharmacological interventions
-12- or 13-hour corticosteroids with or 

without anti-histamine

-5- to 11-hour accelerated IV corticosteroids 

with or without anti-histamine

-Any preps less than 5 hours, including 

steroids, anti-histamine, or both

Non-pharmacological interventions
-Switching agents

-Other interventions

Predictors of clinical outcomes

Patient-level characteristics

-Prior adverse reactions

-Allergic diathesis

Intervention-level characteristics

-Type (and dosing) of interventions 

(premedication drugs)

-Patterns of CM change

Adverse events of 

specific interventions

Patients receiving CM:

-High-risk population 

-low-risk population

-No risk-stratified population

Key Question 1. What is the effect of interventions to reduce acute (<1 hour) hypersensitivity (Type B) reactions in patients receiving CM?

Key Question 2. What are the patient-level and intervention-level characteristics (i.e., predictors) associated with CM-induced acute 

hypersensitivity (Type B) reactions?

Key Question 3. What are the complications and adverse events associated with specific interventions to reduce CM-induced adverse 

reactions?
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SUPPLEMENTARY FILE 

 

Search strategies 

PubMed 

1. "Contrast Media"[Pharmacological Action] 

2. radiocontrast* 

3. iodinated contrast* 

4. contrast material* 

5. iodine contrast*  

6. iodixanol OR iohexol OR iopamidol OR ioversol OR ioxilan OR iopromide OR 

iobitridol OR iomeprol 

7. #1 OR #2 OR #3 OR #4 OR #5 OR #6 

8. "Adverse Effects"[Subheading] 

9. Adverse 

10. "side effect" 

11. "side effects" 

12. reaction* 

13. harm* 

14. complicat* 

15. toxicit* 

16. hypersensitiv* 

17. breakthrough reaction* 

18. anaphyla* 

19. allerg* 

20. #8 OR #9 OR #10 OR #11 OR #12 OR #13 OR #14 OR #15 OR #16 OR #17 OR #18 

OR #19 

21. Premedication[Mesh] 

22. premedicat* 

23. prevent* 

24. prophyla* 

25. steroid* 

26. corticosteroid* 

27. antihistamine* 

28. #21 OR #22 OR #23 OR #24 OR #25 OR #26 OR #27 

29. #7 AND #20 AND #28 
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Cochrane Central Register of Controlled Trials (Ovid)  

1. contrast media.mp. or exp Contrast Media/ 

2. radiocontrast*.mp. 

3. iodinated contrast*.mp. 

4. contrast material*.mp. 

5. Iodine/ or iodine contrast*.mp. 

6. (iodixanol or iohexol or iopamidol or ioversol or ioxilan or iopromide or iobitridol 

or iomeprol).mp. [mp=title, original title, abstract, mesh headings, heading words, 

keyword] 

7. 1 or 2 or 3 or 4 or 5 or 6 

8. Adverse Effects.mp. 

9. "Drug-Related Side Effects and Adverse Reactions"/ or adverse.mp. 

10. side effect.mp. 

11. side effects.mp. 

12. reaction*.mp. 

13. Patient Harm/ or harm*.mp. 

14. complicat*.mp. 

15. toxicit*.mp. 

16. Hypersensitivity/ or hypersensitiv*.mp. 

17. breakthrough reaction*.mp. [mp=title, original title, abstract, mesh headings, 

heading words, keyword] 

18. Anaphylaxis/ or anaphyla*.mp. 

19. allerg*.mp. 

20. 8 or 9 or 10 or 11 or 12 or 13 or 14 or 15 or 16 or 17 or 18 or 19 

21. premedication.mp. or Premedication/ 

22. premedicat*.mp. 

23. prevent*.mp. 

24. prophyla*.mp. 

25. steroid*.mp. 

26. Glucocorticoids/ or corticosteroid*.mp. 

27. antihistamine*.mp. or Histamine H1 Antagonists/ 

28. 21 or 22 or 23 or 24 or 25 or 26 or 27 

29. 7 and 20 and 28 
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Embase 

1. 'contrast medium'/exp OR 'contrast medium' 

2. radiocontrast* 

3. 'iodinated contrast medium'/exp OR 'iodinated contrast medium' 

4. iodinated AND contrast* 

5. ('contrast'/exp OR contrast) AND material* 

6. ('iodine'/exp OR iodine) AND contrast* 

7. 'iodixanol'/exp OR iodixanol OR 'iohexol'/exp OR iohexol OR 'iopamidol'/exp OR 

iopamidol OR 'ioversol'/exp OR ioversol OR 'ioxilan'/exp OR ioxilan OR 

'iopromide'/exp OR iopromide OR 'iobitridol'/exp OR iobitridol OR 'iomeprol'/exp 

OR iomeprol 

8. #1 OR #2 OR #3 OR #4 OR #5 OR #6 OR #7 

9. 'adverse event'/exp OR 'adverse event' 

10. Adverse 

11. 'side effect'/exp OR 'side effect' 

12. 'side effects' 

13. reaction* 

14. harm* 

15. 'complication'/exp OR 'complication' 

16. complicat* 

17. 'toxicity'/exp OR 'toxicity' 

18. toxicit* 

19. 'hypersensitivity'/exp OR 'hypersensitivity' 

20. hypersensitiv* 

21. breakthrough AND reaction* 

22. 'anaphylaxis'/exp OR 'anaphylaxis' 

23. anaphyla* 

24. allerg* 

25. 'immediate type hypersensitivity'/exp OR 'immediate type hypersensitivity' 

26. 'allergy'/exp OR 'allergy' 

27. #9 OR #10 OR #11 OR #12 OR #13 OR #14 OR #15 OR #16 OR #17 OR #18 OR 

#19 OR #20 OR #21 OR #22 OR #23 OR #24 OR #25 OR #26 

28. 'premedication'/exp OR 'premedication' 

29. premedicat* 

30. 'prevention'/exp OR 'prevention' 

31. prevent* 
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32. 'prophylaxis'/exp OR 'prophylaxis' 

33. prophyla* 

34. 'steroid'/exp OR 'steroid' 

35. steroid* 

36. 'corticosteroid'/exp OR 'corticosteroid' 

37. corticosteroid* 

38. 'antihistaminic agent'/exp OR 'antihistaminic agent' 

39. 'histamine h1 receptor antagonist'/exp OR 'histamine h1 receptor antagonist' 

40. antihistamine* 

41. #28 OR #29 OR #30 OR #31 OR #32 OR #33 OR #34 OR #35 OR #36 OR #37 OR 

#38 OR #39 OR #40  

42. #8 AND #27 AND #41 

43. #42 AND ('article'/it OR 'article in press'/it OR 'conference paper'/it OR 'short 

survey'/it)  
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PRISMA-P (Preferred Reporting Items for Systematic review and Meta-Analysis Protocols) 2015 checklist: recommended items to 
address in a systematic review protocol* 
Section and topic Item 

No
Checklist item Reporting Page 

No

ADMINISTRATIVE INFORMATION
Title:

 Identification 1a Identify the report as a protocol of a systematic review 1
 Update 1b If the protocol is for an update of a previous systematic review, identify as such NA

Registration 2 If registered, provide the name of the registry (such as PROSPERO) and registration number 3
Authors:

 Contact 3a Provide name, institutional affiliation, e-mail address of all protocol authors; provide physical mailing address of 
corresponding author

1

 Contributions 3b Describe contributions of protocol authors and identify the guarantor of the review 18
Amendments 4 If the protocol represents an amendment of a previously completed or published protocol, identify as such and list changes; 

otherwise, state plan for documenting important protocol amendments
6-7

Support:
 Sources 5a Indicate sources of financial or other support for the review 18-19
 Sponsor 5b Provide name for the review funder and/or sponsor NA
 Role of sponsor 
or funder

5c Describe roles of funder(s), sponsor(s), and/or institution(s), if any, in developing the protocol NA

INTRODUCTION
Rationale 6 Describe the rationale for the review in the context of what is already known 5-6
Objectives 7 Provide an explicit statement of the question(s) the review will address with reference to participants, interventions, 

comparators, and outcomes (PICO)
7-9

METHODS
Eligibility criteria 8 Specify the study characteristics (such as PICO, study design, setting, time frame) and report characteristics (such as years 

considered, language, publication status) to be used as criteria for eligibility for the review
9-10

Information sources 9 Describe all intended information sources (such as electronic databases, contact with study authors, trial registers or other 
grey literature sources) with planned dates of coverage

8-9

Search strategy 10 Present draft of search strategy to be used for at least one electronic database, including planned limits, such that it could be 
repeated

8-9 and 
supplementary 

Page 36 of 36

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml

BMJ Open

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60

 on A
pril 10, 2024 by guest. P

rotected by copyright.
http://bm

jopen.bm
j.com

/
B

M
J O

pen: first published as 10.1136/bm
jopen-2019-033023 on 9 M

arch 2020. D
ow

nloaded from
 

http://bmjopen.bmj.com/


For peer review only

file
Study records:

 Data 
management

11a Describe the mechanism(s) that will be used to manage records and data throughout the review 11

 Selection 
process

11b State the process that will be used for selecting studies (such as two independent reviewers) through each phase of the review 
(that is, screening, eligibility and inclusion in meta-analysis)

11

 Data collection 
process

11c Describe planned method of extracting data from reports (such as piloting forms, done independently, in duplicate), any 
processes for obtaining and confirming data from investigators

12-13

Data items 12 List and define all variables for which data will be sought (such as PICO items, funding sources), any pre-planned data 
assumptions and simplifications

11-12

Outcomes and 
prioritization

13 List and define all outcomes for which data will be sought, including prioritization of main and additional outcomes, with 
rationale

15

Risk of bias in 
individual studies

14 Describe anticipated methods for assessing risk of bias of individual studies, including whether this will be done at the 
outcome or study level, or both; state how this information will be used in data synthesis

13-14

15a Describe criteria under which study data will be quantitatively synthesised 15
15b If data are appropriate for quantitative synthesis, describe planned summary measures, methods of handling data and methods 

of combining data from studies, including any planned exploration of consistency (such as I2, Kendall’s τ)
15

15c Describe any proposed additional analyses (such as sensitivity or subgroup analyses, meta-regression) 16

Data synthesis

15d If quantitative synthesis is not appropriate, describe the type of summary planned 15
Meta-bias(es) 16 Specify any planned assessment of meta-bias(es) (such as publication bias across studies, selective reporting within studies) 16
Confidence in 
cumulative evidence

17 Describe how the strength of the body of evidence will be assessed (such as GRADE) 16

* It is strongly recommended that this checklist be read in conjunction with the PRISMA-P Explanation and Elaboration (cite when available) for important 
clarification on the items. Amendments to a review protocol should be tracked and dated. The copyright for PRISMA-P (including checklist) is held by the 
PRISMA-P Group and is distributed under a Creative Commons Attribution Licence 4.0. 

From: Shamseer L, Moher D, Clarke M, Ghersi D, Liberati A, Petticrew M, Shekelle P, Stewart L, PRISMA-P Group. Preferred reporting items for systematic review and 
meta-analysis protocols (PRISMA-P) 2015: elaboration and explanation. BMJ. 2015 Jan 2;349(jan02 1):g7647.
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