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Online Supplement 1: Original Literature Searches 
 
Literature Search IHR 
 

Database Search String 

PubMed 
 
1985 –  
May 2022 
 

("Contrast Media"[Mesh] OR contrast medi* [tiab] OR contrast agent* [tiab] OR contrast 
material* [tiab] OR contrast dose [tiab] OR contrast doses [tiab] OR contrast dosage [tiab] OR 
radiocontrast medi* [tiab] OR radiocontrast agent* [tiab] OR radiopaque medi* [tiab] OR 
radiocontrast dose [tiab] OR radiocontrast doses [tiab] OR radiocontrast dosage [tiab] OR 
"Barium"[Mesh] OR barium [tiab] OR gadolinium [tiab] OR microbubble* [tiab]) 

AND (("Drug Hypersensitivity"[Mesh] OR hypersensitiv* [tiab] OR allergic* [tiab] OR anaphylaxis 
[tiab] OR anaphylact* [tiab] OR adverse reaction*[tiab] OR urticaria* [tiab] OR diffuse erythema 
[tiab] OR facial edema [tiab] OR angioedema [tiab] OR bronchospasm* [tiab] OR laryngeal 
edema [tiab] OR anaphylactic shock [tiab] OR hypotension [tiab] OR pulmonary edema [tiab] 
OR cardiac arrest [tiab] OR respiratory arrest [tiab]) AND (acute [tiab] OR after administration 
[tiab] OR rapid* [tiab] OR severe [tiab])) 

AND (treatment [tiab] OR treat [tiab] OR recommend* [tiab]) 

AND ("english"[Language]) AND ("1985"[Date - Publication] : "3000"[Date - Publication]) 

 

Embase 
(Elsevier) 

contrast medium'/exp/mj OR (((contrast OR radiocontrast) NEAR/2 (medi* OR agent* OR 
material* OR dose OR doses OR dosage)):ab,ti) OR 'radiopaque medi*':ab,ti OR 
'barium'/exp/mj OR barium:ab,ti OR 'gadolinium'/exp/mj OR gadolinium:ab,ti OR 
'microbubble'/exp/mj OR microbubble*:ab,ti) 

AND (('hypersensitivity'/exp OR hypersensitiv*:ab,ti OR allergic*:ab,ti OR anaphylaxis:ab,ti OR 
anaphylactic:ab,ti OR 'adverse reaction*':ab,ti OR urticaria*:ab,ti OR 'diffuse erythema':ab,ti OR 
'facial edema':ab,ti OR angioedema:ab,ti OR bronchospasm:ab,ti OR 'laryngeal edema':ab,ti OR 
'anaphylactic shock':ab,ti OR hypotension:ab,ti OR 'pulmonary edema':ab,ti OR 'cardiac 
arrest':ab,ti OR 'respiratory arrest':ab,ti) AND (acute:ab,ti OR 'after administration':ab,ti OR 
rapid*:ab,ti OR severe:ab,ti)) 

AND (treatment:ab,ti OR treat:ab,ti OR recommend*:ab,ti)) 

AND [english]/lim AND [1985-2018]/py 

NOT 'conference abstract':it NOT (('animal experiment'/exp OR 'animal model'/exp OR 
'nonhuman'/exp) NOT 'human'/exp) 
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Literature Seach NIHR 
 

Database Search string 

PubMed 
 
1985 –  
May 2022 
 

(((((("Contrast Media"[Majr] OR contrast medi* [ti] OR contrast agent* [ti] OR contrast material* 
[ti] OR contrast dose [ti] OR contrast doses [ti] OR contrast dosage [ti] OR radiocontrast medi* 
[ti] OR radiocontrast agent* [ti] OR radiopaque medi* [ti] OR radiocontrast dose [ti] OR 
radiocontrast doses [ti] OR radiocontrast dosage [ti] OR "Barium"[Mesh] OR barium [tiab] OR 
gadolinium [tiab] OR microbubble* [tiab]))) 

AND ((("Drug Hypersensitivity"[Mesh] OR hypersensitiv* [tiab] OR allerg* [tiab] OR anaphylax* 
[tiab] OR anaphylact* [tiab] OR "Exanthema"[Mesh] OR exanthem* [tiab] OR rash [tiab] OR 
adverse reaction*[tiab] OR urticaria* [tiab] OR erythem* [tiab] OR hypotension [tiab] OR 
hypertension [tiab] OR "Stevens-Johnson Syndrome"[Mesh] OR stevens johnson syndrome 
[tiab] OR sjs [tiab] OR toxic epidermal necrolys* [tiab] OR "Drug Hypersensitivity 
Syndrome"[Mesh] OR dress syndrome [tiab] OR iodide mump* [tiab]) AND (late [tiab] OR 
delayed [tiab] OR nonimmediate [tiab])) OR late reaction* [tiab] OR delayed reaction* [tiab] OR 
nonimmediate reaction* [tiab]))) 

AND (("english"[Language]) AND ("1985"[Date - Publication] : "3000"[Date - Publication]))) 

 

Embase 
(Elsevier) 

(('contrast medium'/exp/mj OR (((contrast OR radiocontrast) NEAR/2 (medi* OR agent* OR 
material* OR dose OR doses OR dosage)):ti) OR 'radiopaque medi*':ab,ti OR 'barium'/exp/mj 
OR barium:ab,ti OR 'gadolinium'/exp/mj OR gadolinium:ab,ti OR 'microbubble'/exp/mj OR 
microbubble*:ab,ti) 

 

AND (('hypersensitivity'/exp OR hypersensitiv*:ab,ti OR anaphylax*:ab,ti OR allerg*:ab,ti OR 
'rash'/exp OR rash:ab,ti OR 'adverse reaction*':ab,ti OR hypotension:ab,ti OR hypertension:ab,ti 
OR urticaria*:ab,ti OR erythem*:ab,ti OR exanthem*:ab,ti OR 'stevens johnson syndrome'/exp 
OR 'stevens johnson syndrome':ab,ti OR sjs:ab,ti OR 'toxic epidermal necrolysis'/exp OR 'toxic 
epidermal necrolys*':ab,ti OR 'dress syndrome'/exp OR 'dress syndrome':ab,ti OR 'iodide 
mump*':ab,ti) AND (late:ab,ti OR delayed:ab,ti OR nonimmediate:ab,ti) OR (((late OR delayed 
OR nonimmediate) NEAR/2 reaction*):ab,ti))) 

 

AND [english]/lim AND [1985-2022]/py 

NOT 'conference abstract':it NOT (('animal experiment'/exp OR 'animal model'/exp OR 
'nonhuman'/exp) NOT 'human'/exp) 
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Online Supplement 2  
Relevant studies with risk factor analyses for hypersensitivity and adverse drug reactions to iodine-based contrast media (sorted by 
year) 
 

Author, Year 
Type of 
Reactions 

Origin Route of CM 
Administratio
n 

Cases Controls Risk Factor Frequency (%) / 
Odds Ratio (adj) 

Hypersensitivity Reactions 

Fukushima, 2023 
Severe IHR 

R 
IV  
(CT) 

45 (0,16%) 
4 premedication 

No 
controls 

Iomeprol vs Iopamidol OR 6,8 

McDonald, 2023 
All HR 

R 
IV 
(CT) 

1,150 (0,32%) 
No 
controls 

Age < 50 years (highest 21-30 
years) 

OR 1,68-2,26 

Female sex OR 1,49 

Non-white race OR 1,77 

Prior HR to ICM OR 27,6 

Prior HR to GBCA OR 1,91 

Asthma (only moderate-severe HR) OR 1,45 

History of other allergies OR 1,21 

Iopromide vs Iohexol OR 3,07 

Increasing ICM dose OR 1,30 

Voltolini, 2022 
All HR 

A  
Data not 
included  

 
407 
400 skin tests 
78 premedication 

152 

First ICM exposure OR 2,84 

Cardiovascular diseases OR 2,06 

History of respiratory allergy OR 2,30 

History of adverse drug reaction OR 1,99 

Cha, 2019 
All HR 
 

R 
Data not 
included 

1,433 (0,73%) 
541 premedication 

1,433 

Iomeprol 0,95% 

Iobitridol 0,89% 

Prior HR to ICM OR 198,8 

Hyperthyroidism OR 3,6 

History of drug allergy OR 3,5 

History of other allergic diseases OR 6,8 
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Family history of HR to ICM OR 14,0 

Lee, 2019 
Immediate HR 

A 
IV 
(CT) 

2004 (0,97%) 
No 
controls  

Prior HR to ICM OR 40,69 

Age below 50 years OR 2,11 

Presence of asthma OR 1,47 

Female sex OR 1,29 

Comorbid allergic disease 2,6% 

Patients with chronic liver disease 3,1% 

Patients with cancer 2,1% 

       

Adverse Drug Reactions 

Zeng, 2024 
All ADR 

R 
IV 
(CT) 

 522 (0,11%) 
Acute 469 
(0,099%) 
Delayed 53 
(0,011%) 

522 

Season: summer OR 1,579 

Season: autumn OR 1,925 

Female sex 0,141% 

Age 21-30 years 0,241% 

Iopromide 370 mgI/ml (acute ADR) 0,218% 

Iodixanol 320 mgI/ml (delayed ADR) 0,039% 

Chatani, 2023 
All ADR 
(First visit only) 

R 
Data not 
included 

163 (0,72%) 
No 
controls 

History of asthma OR 17,4 

History of drug allergy OR 2,4 

Outpatients OR 2,1 

Use of premedication OR 3,7 

Kang, 2022 
Delayed ADR 

R 
IV 
(CT) 

207 (2,0%) 7,260 

Female sex OR 1,51 

History of drug allergy OR 4,59 

History of allergy OR 2,54 

Li, 2017 
All ADR 

R 
IV 
(CT) 

506 (0,42%) 
No 
controls  

Female sex 0,46% 

Prior HR to ICM 7,17% 

Age 20-29 years 0.74% 

ICM dose > 100ml 0,60% 

ICM injection speed > 5ml/s 0,57% 

BMI > 24 0,47% 

IOCM use 0,69% 
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Patients with asthma 2,04% 

Patients with heart failure 1,10% 

Patients with gout 0,70% 

Kobayashi, 2013 
All ADR 

R 
IV 
(CT) 

Derivation:  
409 (2,0%) 

No 
controls  

Prior HR to CM OR 7,1 

Urticaria OR 2,7 

Allergy to other drugs OR 1,9 

ICM concentration >70% OR 1,9 

Age < 50 years OR 1,8 

CM Iodine dose >65g OR 1,4 

 
Abbreviations: 
A = Allergology; ADR = adverse drug reactions; BMI = body mass index; CM = Contrast Media; CT = computed tomography; HR = 
hypersensitivity reactions; GBCA = gadolinium-based contrast agent; ICM = iodine-based contrast medium;  IOCM = iso-osmolar 
contrast medium;  IV = intravenous; OR = Odds Ratio; R = Radiology 
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Online Supplement 3  
Relevant studies with risk factor analyses for hypersensitivity and adverse drug reactions to gadolinium-based contrast agents 
(sorted by year) 
 

Author, Year 
Type of 
Reactions 

Origin Route of CM 
Administration 

Cases Controls Risk Factor Frequency (%) / 
Odds Ratio 
(adj) 

 

Hypersensitivity Reactions 

Fukushima, 2024 
Immediate HR 
 

R 
IV 
(MRI) 

First 67 (0,16%) 
Repeat 8 (1,9%) 
240 of previous HR  
with premedication 

No 
controls 

Gadoxetate OR 8,03 

Gadoteridol OR 4,93 

Gadopentetate OR 3,27 

Younger age OR 0,99 

Previous HR to GBCA 1,9% 

Gadobutrol (repeat HR) 6,4% 

Ahn, 2022 
All HR 

R 
IV 
(MRI) 

1,304 (0,4%) 
No 
controls 

Prior HR to ICM OR 4,6 

Gadoteridol  0,8% 

McDonald, 2019 
All HR 

R 
IV 
(MRI) 

442 (0,16%)  
No 
controls 

Gadobenate OR 3,9 

Gadobutrol OR 2,3 

Female sex OR 1,7 

Age 21-50 years  OR 1,4-1,6 

Outpatients OR 1,9 

Abdomen-Pelvis or  
Prostate MRI 

OR 1,4 

Chest or Cardiac MRI OR 1,5 

Jung, 2012 
Immediate HR 

R 
IV 
(MRI) 

112 (0,08%) 
No 
controls 

Gadobenate OR 3,00 

Female sex OR 1,69 

History of allergies/asthma OR 2,83 

Recurrence after prior HR 30% 
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Adverse Drug Reactions 

Granata, 2016 
Immediate ADR 

R 
IV 
(MRI) 

32 (0,30%) 
1785  with 
premedication 

No 
controls 

Gadobenate 0,50% 

Aran, 2015 
All ADR 

R 
IV 
(MRI) 

204 (0,1%) 
No 
controls 

Gadofosveset meglumine 0,8% 

Gadoxetate disodium 0,31% 

Gadobenate 0,22% 

Female sex 0,13% 

Outpatients 0,17% 

Abdomen-Pelvis or Liver 
MRI 

0,17% 

Bruder, 2015 
Acute ADR 

R 
IV 
(MRI) 

45 (0,12%) 
No 
controls 

Gadobenate 0,42% 

MRI for viability in CAD 0,22% 

Nelson, 1995 
All ADR 

R 
IV  
(MRI) 

372 (2,4%) 
No 
controls 

History of allergies/asthma 3,7% 

Previous HR to GBCA 21,3% 

Previous HR to ICM 6,3% 

 
Abbreviations: 
ADR = adverse drug reactions; CAD = coronary artery disease; GBCA = gadolinium-based contrast agent; HR = hypersensitivity 
reactions; ICM = iodine-based contrast medium; IV =  intravenous; MRI = magnetic resonance imaging; OR = Odds Ratio; R = 
Radiology 
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Online Supplement 4:  
 
 
EXAMPLE OF A LETTER FOR THE PATIENT TO TAKE TO THE ALLERGY 
CONSULTATION 
 
 
Dear Colleague, 
 
(Insert patient’s name and details) had a hypersensitivity reaction after the 
administration of a contrast agent on (insert location and date). 
 
Examination type (e.g., Angiography, CT, MRI, US, Fluoroscopy): 
 
Type of contrast agent: 

• Iodine-based 

• Gadolinium-based 

• Ultrasound 
 
Name of the specific contrast agent:  
 
Concentration:  
 
Volume administered:  (xxx)  ml 
 
Route of administration (e.g., IV, IA, intra-articular, oral, rectal, local......): 
 
Time between the injection and the start of the clinical symptoms: 
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Type of symptoms and their evolution (describe): 
 
Modified Ring-Messmer classification of systemic reactions  
 

Grade Skin Abdomen Airways Cardiovascular 

I Itch 
Flush 
Urticaria 
Angioedema 

- - - 

II Itch 
Flush 
Urticaria 
Angioedema 

Nausea 
Cramps 

Rhinorrhoea 
Hoarseness 
Dyspnoea 

Tachycardia (>20 bpm rise) 
Hypotension (>20 mm Hg 
drop in systolic blood 
pressure) 
Arrhythmia 

III Itch 
Flush 
Urticaria 
Angioedema 

Vomiting 
Defecation 

Laryngeal 
oedema 
Bronchospasm 
Cyanosis 

Shock 

IV Itch 
Flush 
Urticaria 
Angioedema 

Vomiting 
Defecation 

Respiratory 
arrest 

Cardiac arrest 

Classification according to the most severe symptom, no symptom is mandatory 

 
 
Treatment given during the reaction: • (please specify) 
 
Outcome (e.g., follow up, return home, hospital admission, ICU,......):  
 
 
 
Tryptase performed at the time of the reaction: Yes/No  
Tryptase performed 2h after start of the reaction: Yes/No 
Results:   ug/ml 
 
Previous history of contrast agent reaction: Yes/No 
 
 If yes, please specify location, date, name and type of contrast agent and 
symptoms: 
 
Thank you for seeing the patient and performing an allergic study to categorize the 
reaction as either allergic or non-allergic hypersensitivity, and to look for cross-
reactivity so that a safer contrast agent can be recommended for future injections. 
 
Yours sincerely, 
 
 
 
 
Dr (Name and details) 


