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Overall Introduction

Reason for making this guideline

The Radiological Society of the Netherlands (Nederlandse Vereniging voor Radiologie/NVvR) deemed
a set of new guidelines on the Safe Use of Contrast Media (CM) highly necessary and relevant. In
radiology, contrast media, such as lodine-based Contrast Media (ICM) and Gadolinium Based
Contrast Agents (GBCA), are extensively used. The overall goal of this set of guidelines was to
increase safety and awareness around contrast media. Practical recommendations are given in each
chapter.

The four parts of the Safe Use of Contrast Media guidelines cover following topics regarding CM
safety:

Safe Use of Contrast Media - Part 1 (finalized in 2017):

e Prevention of contrast-associated acute kidney injury (CA-AKI*) from iodine-based contrast media
e lodine-based contrast media use in patients with type-2 diabetes taking metformin

e Jlodine-based contrast media use in patients on chronic dialysis

Safe Use of Contrast Media - Part 2 (finalized in 2019):

e Prophylaxis and management of hypersensitivity reactions to contrast media

o Safe use of gadolinium-based contrast agents, in terms of prevention of post-contrast acute
kidney injury (PC-AKI) and Nephrogenic systemic fibrosis (NSF)

e Contrast media injections with power injectors through (peripherally inserted) central venous
lines and implantable ports

e Contrast media extravasation

Safe Use of Contrast Media - Part 3 (finalized in 2022):

e Prevention of iodine-induced hyperthyroidism

e Safe use of contrast media use during pregnancy and lactation

e Safe use of contrast media use in patients with rare diseases:
o Patients with Multiple Myeloma (M. Kahler)
o Patients with Pheochromocytoma and Paraganglioma
o Patients with Myasthenia Gravis
o Patients with Mastocytosis

o Safe time intervals between contrast-enhanced studies

e Prevention of recurrent hypersensitivity reactions to contrast media (update of part 2), including
the Weber and Lalli effects

e Analytical Interference of contrast media with clinical laboratory tests

e Gadolinium deposition in the body after gadolinium-based contrast agents (both update of part 2
and a new module about strategies for GBCA dose reduction)

Safe Use of Contrast Media - Part 4 Children (to be finalized in 2024):

e Prevention of contrast-associated acute kidney injury (CA-AKI*) from iodine-based contrast media
e Prophylaxis and management of hypersensitivity reactions to contrast media

e Gadolinium deposition in the body after gadolinium-based contrast agents

*Note: Post-contrast acute kidney injury is synonymous with contrast-associated acute kidney injury
Aim of the current guideline
The aim of the Part 3 of Safe Use of Contrast Media guidelines is to critically review the recent

evidence with the above trend in mind and tries to formulate new practical guidelines for all hospital
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physicians to provide the safe use of contrast media in diagnostic and interventional studies. The
ultimate goal of this guideline is to increase the quality of care, by providing efficient and expedient
healthcare to the specific patient populations that may benefit from this healthcare and
simultaneously guard patients from ineffective care. Furthermore, such a guideline should ideally be
able to save money and reduce day-hospital waiting lists.

Focus of the guideline

This part 3 of the Safe Use of Contrast Media guideline focuses on all adult (18 years and older)
patients that receive CM during radiologic or cardiologic studies or interventions. The patient
population for which these guidelines are developed are patients who receive intravascular, oral or
intracavitary (intra-articular, intra-vesical, intra-cholangiographic) contrast media both in the clinical
setting, as well as for outpatients. The guidelines do not cover radioactive contrast tracer use in
nuclear medicine.

Users of this guideline
This guideline is intended for all hospital physicians that request or perform diagnostic or
interventional radiologic or cardiologic studies for their patients in which CM are involved.

Terminology and definitions
The terminology and definitions of specific topics will be discussed in each of the specific
topics/modules of this guideline. Abbreviations used in this guideline can be found below.

Guideline Disclaimers

General

The aim of clinical guidelines is to help clinicians to make informed decisions for their patients.
However, adherence to a guideline does not guarantee a successful outcome. Ultimately, healthcare
professionals must make their own treatment decisions about care on a case-by-case basis, after
consultation with their patients, using their clinical judgement, knowledge and expertise. A guideline
cannot replace a physician’s judgment in diagnosing and treatment of particular patients.

Guidelines may not be complete or accurate. The guideline development group and members of
their boards, officers and employees disclaim all liability for the accuracy or completeness of a
guideline, and disclaim all warranties, express or implied to their incorrect use.

Guidelines users always are urged to seek out newer information that might impact the diagnostic
and treatment recommendations contained within a guideline.

Individualisation
In specific high-risk patient groups clinicians may have to regress from these general guidelines and
decide on individualisation to best fit the needs of their patients.

Life-threatening situations or conditions

In acute life-threatening situations or conditions clinicians may have to regress from these general
guidelines and decide on individualisation to best fit the needs of their patients in these situations or
conditions.
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Abbreviations used in this guideline

ACR American College of Radiology

ADR Adverse Drug Reaction

AGEP Acute Generalized Exanthematous Pustulosis
AGREE Appraisal of Guidelines for Research & Evaluation
BAT Basophil Activation Test

CA Contrast Agent/Agents

CA-AKI Contrast-Associated Acute Kidney Injury

Cl Confidence Interval

CM Contrast Medium/Media

CcT Computed Tomography

DPT Drug Provocation Test(s)

DHR Drug Hypersensitivity Reaction(s)

DRESS Drug Reaction with Eosinophilia and Systemic Symptoms
EAACI European Association of Allergy and Clinical Immunology
EMA European Medicines Agency

ENDA European Network for Drug Allergies

ESUR European Society of Urogenital Radiology

FDE Fixed Drug Eruption

GBCA Gadolinium-Based Contrast Agent/Agents

Gd Gadolinium

GRADE Grades of Recommendation, Assessment, Development, and Evaluation
HSR Hypersensitivity Reaction/Reactions

ICM lodine-based Contrast Medium/Media

I lodine

IDT Intradermal Test(s)

IgE Immunoglobulin E

IHR Immediate Hypersensitivity Reaction(s)

IM, i.m. Intramuscular

1V, i.v. Intravenous

LAREB Landelijke Registratie en Evaluatie van Bijwerkingen
LTT Lymphocyte Transfer Test

MPE Maculopapular Exanthema

MRI Magnetic Resonance Imaging

NIHR Non-immediate Hypersensitivity Reaction(s)

NPV Negative Predictive Value

NSF Nephrogenic Systemic Fibrosis

NVVR Nederlandse Vereniging voor Radiologie

0OBS Observational Study

OR Odds Ratio

PO Peroral

PPV Positive Predictive Value

RCT Randomized Clinical Trial

SCAR Severe Cutaneous Adverse Reaction

SD Standard Deviation

SDRIFE Symmetrical Drug-Related Intertriginous and Flexural Exanthemas
SIS Stevens-Johnson Syndrome

SPT Skin Prick Test(s)

SR Systematic Review

ST Skin Test(s)

TEN Toxic Epidermal Necrolysis
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us Ultrasound
WAO World Allergy Organisation
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Summary of recommendations*
*Dutch version below

Chapter 1 Prevention of lodine-Induced Hyperthyroidism after lodine-Based Contrast Media
Administration

Clinical question

What are strategies for the prevention of iodine-induced thyroid dysfunction in:

° Patients with a history of cardiovascular disease and/or more than 65 years old
. Patients with a history of thyroid problems (goitre, hyperthyroidism, hypothyroidism)
. Patients who receive radioactive iodine treatment of the thyroid

Recommendations

Do not routinely measure the thyroid function before administration of iodine-based contrast
media.

Consider measurement of thyroid function in high-risk patients for iodine-induced hyperthyroidism,
especially in subjects older than 65 years and those with severe cardiovascular morbidity.

Consider prophylactic treatment prescribed by an internal medicine specialist in selected patients
with subclinical hyperthyroidism receiving iodine-based contrast media (e.g., patients older than 65
years or with severe cardiovascular morbidity), starting one day before contrast administration and
continuing for 14 days, consisting of thiamazole 30 mg once daily, with possible addition of
potassium perchlorate 500 mg twice daily.

Avoid isotope imaging of the thyroid and/or radioactive iodine treatment for 4 to 8 weeks after
iodine-based contrast media injection or withhold iodine-based contrast media administration 4 to
8 weeks before planned isotope imaging of the thyroid or radioactive iodine treatment.

Chapter 2 Safe Use of Contrast Media during Pregnancy
Clinical question
What is the safety profile of contrast media (iodine-based contrast media or gadolinium-based

contrast agents) during pregnancy for mother and child?

Recommendations

Do not withhold a pregnant patient imaging with iodine-based contrast media when this is
medically indicated.
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Be cautious with gadolinium-based contrast agents due to potential risks to the foetus.
Only use contrast agents when the benefits clearly outweigh the possible risks.

Chapter 3 Safe Use of Contrast Media during Lactation
Clinical question

What is the safety profile of contrast media (iodine-based contrast media or gadolinium-based
contrast agents) during the lactation period for mother and child?

Recommendations

Due to the limited amount of excretion of into breast milk, the guideline development group
believes it is safe to continue breastfeeding after administration of contrast media.

If patients wish to discontinue breastfeeding (shared decision making), a discontinuation of 24
hours is sufficient.

Chapter 4 Safe Use of Contrast Media in Patients with Rare Diseases
Module 4.1 Safe Use of Contrast Media in Patients with Multiple Myeloma

Clinical question

Which prevention strategies are effective to prevent contrast-associated acute kidney injury (CA-AKI)

in patients with Multiple Myeloma?

Recommendations

the guideline Safe Use of Contrast Media, Part 1:

attention to hydration status and medication use.

intravascular iodine-based contrast media, regardless of eGFR.
e Consider patients with an eGFR <30 ml/min/1.73m? at risk for CA-AKI.
e Consult a nephrologist/internist for patients with an eGFR <30 ml/min/1.73m?2.

Always consider the general principles for prevention of acute kidney injury that were published in
e Optimal nephrology care should be the primary goal in all chronic kidney disease patients, with

e Aim for clinical euvolemia, using normal saline or Ringer’s lactate, before administration of

Determine in each patient with multiple myeloma whether administration of iodine-based
contrast media is indicated or if an alternative imaging technique is possible.

Guideline Safe Use of Contrast Media part 3
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e Apply the same precautions to prevent contrast-associated acute kidney injury (CA-AKI) in
patients with multiple myeloma as in subjects without this disease, if there are no additional
risk factors associated with multiple myeloma for development of acute renal insufficiency.

e For (euvolemic) patients with an eGFR <30 ml/min/1,73m2 undergoing intravascular
administration of iodine-based contrast media prehydrate with 3ml/kg/h NaHCO3 1.4% for 1h
(or a total of 250ml) pre-CM administration.

In selected patients with additional risk factors associated with multiple myeloma for development
of acute renal insufficiency (e.g., hypercalcemia, light chain cast nephropathy, amyloidosis), close
consultation between the haematologist and imaging physician is needed to ensure an optimal
risk-benefit balance, including whether administration of contrast media is warranted and if
preventive measures are needed.

Module 4.2 Safe Use of Contrast Media in Patients with Pheochromocytoma or Paraganglioma
Clinical question

What safety strategy should be used for contrast media administration in patients with
pheochromocytoma or paraganglioma (PPGL)?

This clinical question includes the following underlying question:

. How should intra-arterial and intravenous contrast administration be applied in patients with
pheochromocytoma or paraganglioma?

Recommendations

Prophylactic treatment with an a-adrenergic receptor blocker (+ B-adrenergic receptor blocker) is
not indicated before intravenous administration of iodine-based contrast media in patients with
pheochromocytoma or paraganglioma.

Prophylactic treatment with an a-adrenergic receptor blocker (+ B-adrenergic receptor blocker) is
not indicated before intra-arterial administration of iodine-based contrast media in patients with
pheochromocytoma or paraganglioma.

Gadolinium-based contrast agents and ultrasound contrast agents may be safely used in patients
with pheochromocytoma or paraganglioma.

Module 4.3 Safe Use of Contrast Media in Patients with Myasthenia Gravis

Clinical question

Guideline Safe Use of Contrast Media part 3
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What is role of contrast media in patients with exacerbations of myasthenia gravis after contrast
media administration?

Recommendations

Do not withhold contrast media to patients with myasthenia gravis, as the risk of a contrast media
induced myasthenic exacerbation is very low.

Module 4.4 Safe Use of Contrast Media in Patients with Systemic Mastocytosis
Clinical question
Which strategies are effective in preventing hypersensitivity reactions and anaphylactic shock in

patients with systemic mastocytosis after contrast media administration?

Recommendations

Do not withhold iodine-based contrast media or gadolinium-based contrast agents in patients with
systemic mastocytosis.

Recommendation for administration of contrast media in patients with systemic mastocytosis:
. Continue maintenance anti- allergic medication (e.g., H1-/H2-antihistamines)

° Be vigilant to react to a possible hypersensitivity reaction

° Observe the patient 2 30 min with IV in place

° In case of an allergic reaction, refer to a drug allergy specialist

Chapter 5 Safe Time Intervals between Contrast-Enhanced Studies

Module 5 Multiple Examinations with Contrast Media in Patients with Normal or Reduced Renal
Function

Clinical question

What is a safe time interval in patients with normal and reduced renal function between two
radiological or cardiological examinations with contrast media?

What is a safe time interval in patients with reduced renal function between:

1 Two examinations using enhanced imaging with iodine-based contrast media?
2 Two examinations using enhanced imaging with gadolinium-based contrast agents?
3 Two examinations using enhanced imaging with an iodine-based contrast medium and a

gadolinium-based contrast agent?

This question contains the following subgroups:
. Elective CT/Angio/MRI in patients with normal renal function (eGFR >60 ml/min/1.73m?)

Guideline Safe Use of Contrast Media part 3
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. Elective CT/Angio/MRI in patients with moderately reduced renal function (eGFR 30-60
ml/min/1.73m?)

. Elective CT/Angio/MRI in patients with severely reduced renal function (eGFR < 30
ml/min/1.73m?)

° CT/Angio/MRI in emergency or life-threatening situations

Recommendations

1. Safe time intervals in enhanced imaging with iodine-based contrast media

Consider a waiting time between elective contrast-enhanced CT or (coronary) angiography with
successive iodine-based contrast media administrations in patients with normal renal function
(eGFR >60 ml/min/1.73m?) of:

° Optimally 12 hours (near complete clearance of the previously administered iodine-based
contrast media)
° Minimally 4 hours (if clinical indication requires rapid follow-up)

Consider a waiting time between elective contrast-enhanced CT or (coronary) angiography with
successive iodine-based contrast media administrations in patients with moderately reduced renal
function (eGFR 30-60 ml/min/1.73m?) of:

° Optimally 48 hours (near complete clearance of the previously administered iodine-based
contrast media)
° Minimally 16 hours (if clinical indication requires rapid follow-up)

Consider a waiting time between elective contrast-enhanced CT or (coronary) angiography with
successive iodine-based contrast media administrations in patients with severely reduced renal
function (eGFR < 30 ml/min/1.73m?) of:

° Optimally 168 hours (near complete clearance of the previously administered iodine-based
contrast media)
° Minimally 60 hours (if clinical indication requires rapid follow-up)

In emergency or life-threatening situations, employ less waiting time between contrast-enhanced
CT or (coronary) angiography with successive iodine-based contrast media administrations.

2. Safe time intervals in enhanced imaging with gadolinium-based contrast agents

Consider a waiting time between elective contrast-enhanced MRI with successive gadolinium-

based contrast agent administrations in patients with normal renal function (eGFR >60

ml/min/1.73m?) of:

° Optimally 12 hours (near complete clearance of the previously administered gadolinium-
based contrast agent)
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. Minimally 4 hours (if clinical indications require rapid follow-up)

Consider a waiting time between elective contrast-enhanced MRI with successive gadolinium-
based contrast agent administrations in patients with moderately reduced renal function (eGFR
30-60 ml/min/1.73m?) of:

° Optimally 48 hours (near complete clearance of the previously administered gadolinium-
based contrast agent)
° Minimally 16 hours (if clinical indications require rapid follow-up)

Consider a waiting time between elective contrast-enhanced MRI with successive gadolinium-
based contrast agent administrations in patients with severely reduced renal function (eGFR < 30
ml/min/1.73m?) of:

° Optimally 168 hours (near complete clearance of the previously administered gadolinium-
based contrast agent)
° Minimally 60 hours (if clinical indications require rapid follow-up)

In emergency or life-threatening situations, employ less waiting time between contrast-enhanced
MRI with successive gadolinium-based contrast agent administrations.

3. Safe time intervals in enhanced imaging with an iodine-based contrast medium and a gadolinium-
based contrast agent

When combining contrast-enhanced CT or (coronary) angiography with an iodine-based contrast
medium and contrast-enhanced MRI with a gadolinium-based contrast agent on the same day in
elective situations, it is better to start with the MRI examination, unless the CT examination is
intended for the kidneys, ureters, or bladder (CT Urography).

Consider a waiting time between elective contrast-enhanced MRI with a gadolinium-based
contrast agent and contrast-enhanced CT or (coronary) angiography with an iodine-based contrast
medium in patients with normal renal function (eGFR >60 ml/min/1.73m?) of:

° Optimally 6 hours (near complete clearance of the effects of the previously administered
gadolinium-based contrast agent)
° Minimally 2 hours (if the clinical indication requires rapid follow-up)

Consider a waiting time between elective contrast-enhanced MRI with a gadolinium-based

contrast agent and contrast-enhanced CT or (coronary) angiography with an iodine-based contrast

medium in patients with moderately reduced renal function (eGFR 30-60 ml/min/1.73m?) of:

° Optimally 48 hours (near complete clearance of the previously administered gadolinium-
based contrast agent)

Guideline Safe Use of Contrast Media part 3
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° Minimally 16 hours (if the clinical indication requires rapid follow-up)

Consider a waiting time between elective contrast-enhanced MRI with a gadolinium-based
contrast agent and contrast-enhanced CT or (coronary) angiography with an iodine-based contrast
medium in patients with severely reduced renal function (eGFR < 30 ml/min/1.73m?) of:

° Optimally 168 hours (near complete clearance of the previously administered gadolinium-
based contrast agent)
° Minimally 60 hours (if the clinical indication requires rapid follow-up)

When combining contrast-enhanced CT or (coronary) angiography with an iodine-based contrast
medium and contrast-enhanced MRI with a gadolinium-based contrast agent on the same day in
emergency or life-threatening situations, employ no waiting time and perform back-to-back
examinations.

Chapter 6 Prevention of Contrast-Induced Encephalopathy
Clinical question

Which strategies are effective for prevention of Contrast-Induced Encephalopathy (CIE)?

Recommendations

Health care providers should be aware of the existence of Contrast-Induced Encephalopathy (CIE)
following iodine-based contrast media administration.

Adequate prevention strategies have not been investigated in detail.

General advice for clinical practice:

1. Minimize the amount of iodine-based contrast media as much as possible during
endovascular interventions.

2. Consider to hydrate patients with severe renal dysfunction (eGFR <30 ml/min/1.73m?2)
receiving iodine-based contrast media (see protocol in Safe Use of Contrast Media Part 1).

3. Closely monitor patients the first six hours after endovascular interventions for
neurological symptoms and consult a neurologist immediately in case of neurological
symptoms.

4. Depending on the clinical symptoms of contrast-induced encephalopathy, treatment with
antiepileptic drugs, corticosteroids, intravenous hydration, and/or mannitol may be
recommended.

Chapter 7 Follow-up Strategies after Hypersensitivity Reactions to Contrast Media

Module 7.1 In Vitro Tests in Patients with Hypersensitivity Reactions to Contrast Media
(update of module 3 in guideline part 2)
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Clinical question

What is the diagnostic value of serum and/or urine testing for contrast media induced
hypersensitivity reactions?

Recommendations

Measure serum tryptase, preferably between 1-2 hours (range 15 minutes to 4 hours) from the
start of all moderate to severe immediate hypersensitivity reactions to contrast media. This
measurement serves as a baseline for further allergologic examinations.

*See also flow charts

Basophil activation tests are reserved for selected patients with moderate to severe acute
hypersensitivity reactions and are only available in specialized drug allergy centres.

For nonimmediate hypersensitivity reactions there are no meaningful in vitro diagnostic tests
available in the Netherlands.

Module 7.2 Diagnostic Value of Skin Testing for Hypersensitivity Reactions to Contrast Media
(update of module 4 in guideline part 2)

Clinical question

What should be done in patients with a history of hypersensitivity reactions after contrast media
administration to decrease the risk of developing a recurrent hypersensitivity reaction?

Recommendations

Refer the patient to a drug allergy specialist to perform skin tests for the suspected culprit and
several commonly used alternatives, ideally within 6 months after the hypersensitivity reaction.

Refer the following patient groups:
° Moderate to severe immediate hypersensitivity reactions to a contrast medium
o Severe mucocutaneous non-immediate hypersensitivity reactions to a contrast medium

based contrast media or gadolinium agents, or an iodine-based contrast medium and a
gadolinium-based contrast agent)

° All patients with breakthrough hypersensitivity reactions despite premedication with
corticosteroids and/or Hl-antihistamines

*See also flow charts

° Hypersensitivity reactions to two or more different contrast media (e.g., two different iodine-

Always specify the used contrast medium in the referral to the drug allergy specialist.
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Module 7.3 Risk Factors for Hypersensitivity Reactions to Contrast Media
(update of module 5.1 in previous guideline)

Clinical question
Which patients are at increased risk of developing hypersensitivity reactions after contrast media

administration?

Recommendations

Only consider a previous hypersensitivity reaction after contrast media administration a relevant
risk factor for developing a new hypersensitivity reaction.
*See also flow charts

Module 7.4 Prophylactic Measures for Prevention of Recurrent Hypersensitivity Reactions to
Contrast Media (update of module 5.2 of previous guideline)

Clinical question

Which prophylactic measures should be taken in patients at increased risk of hypersensitivity
reactions to contrast media?

This question contains the following patient categories:

I Patients with previous immediate (acute) hypersensitivity reactions to iodine-based contrast
media or gadolinium-based contrast agents

Il Patients with a previous breakthrough reaction to contrast media

i Patients with previous hypersensitivity reactions to multiple contrast media

v Patients with previous nonimmediate (delayed) hypersensitivity reactions to iodine-based
contrast media or gadolinium-based contrast agents

In addition, the following subjects were elaborated:

Vv Cross-reactivity between contrast media
VI Documentation of hypersensitivity reactions

Recommendations

In all patients with a (documented) history of a hypersensitivity reaction to an iodine-based
contrast medium or a gadolinium-based contrast agent, consider an alternative imaging modality.
When this is not possible, consider performing an unenhanced exam, but only if the reduction in
diagnostic quality is acceptable.

*See also flow charts

| Patients with previous immediate (acute) hypersensitivity reactions to iodine-based contrast
media or gadolinium-based contrast agents

Guideline Safe Use of Contrast Media part 3
Guideline for Authorization phase November 2022 17



In patients with a (documented) history of a mild immediate hypersensitivity reaction to an

iodine-based contrast medium or a gadolinium-based contrast agent:

. Treat these patients as any other patient because of the low risk of developing a moderate
or severe reaction

*See also flow charts

In patients with a (documented) history of a moderate or severe hypersensitivity reaction to
iodine-based contrast media or gadolinium-based contrast agents
° Postpone imaging and refer the patient to a drug allergy specialist

If there is no time to refer the patient to a drug allergy specialist:

. Choose a different iodine-based contrast medium or gadolinium-based contrast agent if the
culprit contrast medium is known*

° Consider a test dose by first giving 10% of the total contrast dose and observing the patient
for >15 minutes; particularly with severe reactions and/or unknown culprit

° Observe the patient 2 30 min with IV in place

° Be vigilant to react to a possible new hypersensitivity reaction

*See also flow charts

1] Patients with a previous breakthrough reaction to contrast media

In patients with a breakthrough hypersensitivity reaction to iodine-based contrast media or
gadolinium-based contrast agents, always refer to a drug allergy specialist for skin testing with a
panel of different iodine-based contrast media or gadolinium-based contrast agents.

*See also flow charts

1] Patients with previous hypersensitivity reactions to multiple contrast media

In patients with hypersensitivity reactions to multiple iodine-based or gadolinium-based contrast
media (either two or more different iodine-based contrast media or gadolinium-based contrast
agents or to an iodine-based contrast medium and a gadolinium-based contrast agent) apply the
same as above, but always refer the patient to a drug allergy specialist.

*See also flow charts

v Patients with previous nonimmediate (delayed) hypersensitivity reactions to iodine-based
contrast media or gadolinium-based contrast agents

° Do not give iodine-based contrast media or gadolinium-based contrast agents to a patient
with a previous (suspected) severe nonimmediate skin eruption with danger signs**
° Refer the patient immediately to a drug allergy specialist

*See also flow charts
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In patients with a history of a mild-moderate nonimmediate skin eruption without danger signs**:

° Choose a different iodine-based contrast medium or gadolinium-based contrast agent if the
culprit contrast medium is known*
° Instruct the patient in case of a recurrent reaction to take pictures of the skin lesions and

contact the radiology or cardiology department for feedback
*See also flow charts

* Consider cross-reactivity of contrast media (see Tables 7.4.1 and 7.4.2) and an increased risk
for NIHR with use of iso-osmolar ICM.

*k Danger signs: erosive and/or haemorrhagic lesions, blistering and skin disruption, mucosal
involvement, extracutaneous organ involvement (high fever, abnormal liver / kidney values,
lymphadenopathy)

V Cross-reactivity between contrast media

Cross-reactivity is most relevant in allergic hypersensitivity reactions.

It occurs with a higher frequency among:

e lodine-based contrast media with a N-(2,3 hydroxypropyl)-carbamoyl side chain
e Macrocyclic gadolinium-based contrast agents

The drug allergy specialist determines through skin testing with a panel of different iodine-based
contrast media and gadolinium-based contrast agents:

° The allergic nature of the hypersensitivity reaction
° Cross-reactivity between contrast media
° Suggestions for safe alternative contrast media

Vi Documentation of hypersensitivity reactions

The physician responsible for the administration of the contrast medium should accurately
document the hypersensitivity reaction in the imaging report.

The physician responsible for the administration of the contrast medium or the drug allergy
specialist should accurately document the hypersensitivity reaction in the electronic patient
dossier.

It is essential that reporting should be based on the name of the specific contrast medium and be
done by physicians or drug allergy specialists with experience in the use of contrast media.

After all hypersensitivity reactions to contrast media, the following should be registered:
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° The place, date, and time of CM administration - in the imaging report and in the electronic
patient record.

° The specific contrast medium name and dose (volume, concentration) - in the imaging
report and in the electronic patient record.

° The type of hypersensitivity reaction, immediate or non-immediate - in the imaging report
and in the electronic patient record.

° All patient symptoms and vital signs (blood pressure, pulse, respiration rate, oxygen
saturation) - in the imaging report and in the electronic patient record.

° The treatment given and the response of the patient to the treatment - in the imaging
report and in the electronic patient record.

° Any clinical follow-up and advice on the need for future premedication - in the imaging
report and in the electronic patient record.

° Any results of the consultation with a drug allergy specialist on future CM administration - in

the electronic patient record.

The physician responsible for the administration of the contrast medium or the drug allergy
specialist should accurately document severe or unusual hypersensitivity reactions to the National
Pharmacovigilance Authority LAREB.

Chapter 8 Analytical Interference of Contrast Media on Clinical Laboratory Tests
Clinical question

How can contrast media interfere with commonly performed laboratory tests?

1 lodine-based contrast media’ interference

2 Gadolinium-based contrast agents’ interference

Recommendations

Blood Analysis

Be aware that the potential interference of contrast media on laboratory tests is crucial to prevent
adverse patient work-up. As with all laboratory tests, the results should be interpreted in
relationship with the patient’s medical history and clinical examination.

Consult the laboratory specialist if there are any discrepancies between clinical presentation and
laboratory tests.

Perform clinical laboratory testing prior to administrating contrast media or delay blood collection
for non-emergency clinical laboratory testing* for:

° At least 4 hours and optimally 12 hours after administration of the contrast medium in
patients with normal kidney function (eGFR > 60 mL/min/1.73 m?)
° At least 16 hours and optimally 48 hours after administration of the contrast medium in

patients with reduced kidney function (eGFR 30-60 mL/min/1.73 m?)
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° At least 60 hours and optimally 168 hours after administration of the contrast medium in
patients with reduced kidney function (eGFR < 30 mL/min/1.73 m?)

*See also Chapter 5 Safe time intervals

Urine Analysis

Perform urine clinical laboratory tests prior to contrast media administration. Another option is to
delay urine collection for at least**:

. At least 24 hours after administration of the contrast medium in patients with normal
kidney function (eGFR > 60 mL/min/1.73 m?)

° At least 48 hours after administration of the contrast medium in patients with reduced
kidney function (eGFR 30-60 mL/min/1.73 m?)

° At least 168 hours after administration of the contrast medium in patients with reduced

kidney function (eGFR < 30 mL/min/1.73 m?)

** based on near complete clearance of contrast media

Chapter 9 Gadolinium Deposition after Administration of Gadolinium-Based Contrast Agents
Module 9.1 Gadolinium Deposition in the Brain and Body

Clinical question

What is the effect of gadolinium deposition in the brain and body?

Recommendations

To date, even though there is evidence that gadolinium is deposited in tissues, there is no evidence
of clinical symptoms nor harm associated with gadolinium deposition in the brain and body.

Ensure a strict indication for gadolinium-enhanced MRI and only use EMA-approved gadolinium-
based contrast agents in all patients to minimize possible gadolinium deposition.

*See also module 9.2 Strategies for Dose Reduction of Gadolinium-Based Contrast Agents

This guideline committee supports the ACR Committee on Drugs and Contrast Media’s suggested
terminology of Symptoms Associated with Gadolinium Exposure (SAGE) for self-reported symptoms
and signs.

Module 9.2 Strategies for Dose Reduction of Gadolinium-Based Contrast Agents

Clinical question
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In which way can the dose of gadolinium be reduced / minimized without compromising diagnostic
accuracy?

The following categories were defined:

I Potential dose-reduction strategies for neuroimaging with gadolinium-based contrast agents

Il Potential dose-reduction strategies for cardiovascular imaging with gadolinium-based
contrast agents

1] Potential dose-reduction strategies for musculoskeletal imaging with gadolinium-based
contrast agents

v Potential dose-reduction strategies for abdominal imaging with gadolinium-based contrast
agents
Vv Potential dose-reduction strategies for breast imaging with gadolinium-based contrast agents

Recommendations

I Potential dose-reduction strategies for neuroimaging with gadolinium-based contrast agents

Findings of the LEADER-75 trial indicate that the dose of gadolinium-based contrast agents
(gadobutrol) may be reduced to up to 75% of the standard dose (0.075 mmol/kg bodyweight
(equivalent to 0.075 ml/kg bodyweight)) in patients with suspected brain lesions.

The use of deep learning based methods for gadolinium dose reduction in patients suspected with
brain metastasis is not recommended based on the current literature.

1] Potential dose-reduction strategies for cardiovascular imaging with gadolinium-based contrast
agents

The use of standard dose imaging is recommended in patients with clinical indications for the
administration of gadolinium-based contrast agents in in cardiac MRI.

Non-CE MRA techniques (e.g., time-of-flight MRA) and are widely available and can be used for
accurate evaluation of stenosis grade of the supra-aortic vasculature.

Non-CE ECG-gated MRA sequences are widely available and recommended over (low-dose) CE MRA
techniques for the evaluation of aortic dimensions.

1] Potential dose-reduction strategies for musculoskeletal imaging with gadolinium-based
contrast agents

The use of standard dose imaging is recommended in patients with clinical indications for the
administration of gadolinium-based contrast agents in musculoskeletal imaging.

\Y Potential dose-reduction strategies for abdominal imaging with gadolinium-based contrast
agents
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Prostate

There is increasing evidence that biparametric (T2w + DWI) protocols may be used as an alternative
to multiparametric (T2w + DWI + DCE) protocols for the detection of prostate cancer.

Liver

The use of standard dose imaging is recommended in patients with clinical indications for the
administration of gadolinium-based contrast agents in liver MRI.

V Potential dose-reduction strategies for breast imaging with gadolinium-based contrast agents

The use of standard dose imaging is recommended in patients with clinical indications for the
administration of gadolinium based contrast agents in breast MRI.
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Samenvatting van aanbevelingen (Nederlands)

Hoofdstuk 1 Preventie van jodium-geinduceerde hyperthyroidie na het gebruik van
jodiumhoudend contrastmiddel

Klinische vraag

Wat zijn strategieén voor de preventie van jodium-geinduceerde schildklierdysfunctie bij:

) Patiénten met een geschiedenis van hart- en vaatziekten
. Patiénten van meer dan 65 jaar oud
. Patiénten met een geschiedenis van schildklier problemen (struma, hyperthyroidie,

hypothyroidie)

Aanbevelingen

Meet de schildklierfunctie niet routinematig voor toediening van jodiumhoudend contrastmiddel.

Overweeg meting van de schildklierfunctie bij patiénten met een verhoogd risico op het ontwikkelen
van jodium-geinduceerde hyperthyreoidie, vooral bij personen ouder dan 65 jaar en patiénten met
ernstige cardiovasculaire morbiditeit.

Overweeg een profylactische behandeling in geselecteerde patiénten met subklinische
hyperthyreoidie, die jodiumhoudend contrastmiddel ontvangen, bijvoorbeeld patiénten ouder dan
65 jaar oud of met ernstige cardiovasculaire morbiditeit.

Start profylactische therapie één dag voor contrastmiddeltoediening en continueer 14 dagen met
thiamazol (30 mg eenmaal per dag) en voeg indien nodig kaliumperchloraat toe (500mg tweemaal
per dag).

Vermijd isotopen-beeldvorming van de schildklier en/of behandeling met radioactief jodium tot 4-8
weken na injectie van jodiumhoudend contrastmiddel. Of geef geen jodiumhoudend contrastmiddel
4-8 weken voor een geplande isotopen-scintigrafie van de schildklier of voor een behandeling met
radioactief jodium.

Hoofdstuk 2 Veilig gebruik van contrastmiddelen tijdens de zwangerschap
Klinische vraag
Wat is het veiligheidsprofiel van contrastmiddelen (jodiumhoudend en gadoliniumhoudend) tijdens

de zwangerschap voor moeder en kind?

Aanbevelingen

Guideline Safe Use of Contrast Media part 3
Guideline for Authorization phase November 2022 24



Onthoud geen zwangere patiénten van beeldvorming met jodiumhoudend contrastmiddel, wanneer
dit medisch geindiceerd is.

Wees terughoudend met gadoliniumhoudend contrastmiddel vanwege de potentiéle risico’s voor
de foetus. Gebruik alleen contrastmiddelen wanneer de baten duidelijk groter zijn dan de risico’s.

Hoofdstuk 3 Veilig gebruik van contrastmiddelen bij lactatie
Klinische vraag

Wat is het veiligheidsprofiel van contrastmiddelen (jodiumhoudend en gadoliniumhoudend) tijdens
de lactatieperiode voor moeder en kind?

Aanbevelingen
Vanwege de beperkte excretie van contrastmiddelen in de moedermelk, is de werkgroep van
mening dat het veilig is om borstvoeding te continueren na toediening van contrastmiddelen.

Als de patiénte de borstvoeding zelf wenst te onderbreken (gezamenlijke besluitvorming met de
arts), dan is een tijdsperiode van 24 uur voldoende.

Hoofdstuk 4 Veilig gebruik van contrastmiddelen bij patiénten met zeldzame ziekten

Module 4.1 Veilig gebruik van contrastmiddelen bij patiénten met multipel myeloom

Klinische vraag

Welke preventiestrategieén zijn effectief om contrastmiddel-geassocieerde acute nierschade (CA-

AKI) bij patiénten met multipel myeloom te voorkomen?

Aanbevelingen

Neem altijd de algemene principes voor preventie van acute nierschade in acht, die al werden

gepubliceerd in de richtlijn Veilig Gebruik van Contrastmiddelen, Deel 1:

e Optimale nefrologische zorg dient het primaire doel te zijn bij alle patiénten met chronische
nierziekten, met specifieke aandacht voor hydratiestatus en medicatiegebruik.

e Streef naar klinische euvolemie, gebruik normaal saline of Ringer’s lactaat, voorafgaand aan een
onderzoek met intravasculair jodiumhoudend contrastmiddel, ongeacht de eGFR waarde.

e Beschouw patiénten met een eGFR <30 ml/min/1,73m? tot een hoogrisico-groep voor CA-AKI.

e Consulteer een internist/nefroloog bij patiénten met een eGFR <30 ml/min/1,73m?.
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Bepaal bij elke patiént met een multipel myeloom of toediening van jodiumhoudend contrastmiddel
noodzakelijk is, of dat alteratieve beeldvorming mogelijk is.

e Pas dezelfde voorzorgsmaatregelen toe om contrastmiddel-geassocieerde acute nierschade (CA-
AKI) te voorkomen bij patiénten met multipel myeloom als bij patiénten zonder deze ziekte,
wanneer er geen extra risicofactoren zijn, geassocieerd met multipel myeloom, voor het
ontwikkelen van acute nierinsufficiéntie.

e Voor (euvolemische) patiénten met een eGFR <30 ml/min/1,73m? waarbij intravasculair
jodiumhoudend contrastmiddel toegediend zal worden, prehydreer de patient met 3ml/kg/u
NaHCOs 1,4% gedurende 1 uur (of 250ml in totaal) voor toediening van het contrastmiddel.

Bij geselecteerde patiénten met extra risicofactoren voor het ontwikkelen van acute
nierinsufficiéntie (bijv. hypercalciémie, lichte keten nefropathie, amyloidose) is voorafgaand overleg
tussen hematoloog en radioloog of cardioloog nodig om een betrouwbare inschatting te maken van
de voordelen en de risico’s. Hierbij moet worden bepaald of er een absolute indicatie is voor de
toediening van jodiumhoudend contrastmiddel en of preventieve maatregelen in dat geval
noodzakelijk zijn.

Module 4.2 Veilig gebruik van contrastmiddelen bij patiénten met een feochromocytoom of
paraganglioom

Klinische vraag

Wat voor strategie wordt aanbevolen om contrastmiddel veilig toe te dienen bij patiénten met een
feochromocytoom of paraganglioom?

Deze klinische vraag bevat de volgende subvraag:

° Hoe zou intra-arterieel en intraveneus contrast moeten worden toegediend bij patiénten met
een feochromocytoom of paraganglioom?

Aanbevelingen

Profylactische therapie met een adrenerge a-receptorblokker (+ adrenerge —receptorblokker) is
niet geindiceerd bij intraveneuze toediening van jodiumhoudend contrastmiddel bij patiénten met
een feochromocytoom of paraganglioom.

Profylactische therapie met een adrenerge a-receptorblokker (+ adrenerge —receptorblokker) is
niet geindiceerd bij intra-arteriéle toediening van jodiumhoudend contrastmiddel bij patiénten met
een feochromocytoom of paraganglioom.
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Gadoliniumhoudend contrastmiddel en contrastmiddel voor echografisch onderzoek kunnen veilig
worden gebruikt bij patiénten met een feochromocytoom of paraganglioom.

Module 4.3 Veilig gebruik van contrastmiddelen bij patiénten met Myasthenia Gravis
Klinische vraag
Wat is de rol van contrastmiddelen bij pati€nten met exacerbaties van myasthenia gravis na

contrastmiddeltoediening?

Aanbeveling

Onthoud patiénten met myasthenia gravis niet van beeldvorming met contrastmiddel omdat het
risico op exacerbatie door contrastmiddel erg laag is.

Module 4.4 Veilig gebruik van contrastmiddelen bij patiénten met Mastocytose
Klinische vraag
Welke strategieén zijn effectief om hypersensitiviteitsreacties en anafylactische shock te voorkomen

bij patiénten met systemische mastocytose na contrastmiddeltoediening?

Aanbevelingen

Onthoud patiénten met systemische mastocytose niet van beeldvorming met een jodiumhoudend
of gadoliniumhoudend contrastmiddel.

Aanbevelingen bij toedienen van contrastmiddelen bij patiénten met systemische mastocytose:

° Continueer antiallergische onderhoudsmedicatie (v.b. H1/H2-antihistamine)
° Wees alert om te reageren op een mogelijke hypersensitiviteitsreactie

° Observeer de patiént 2 30 min met behoud van intraveneuze toegang

° Na een allergische reactie, verwijs indien nodig naar een allergoloog

Hoofdstuk 5 Veilige tijdsintervallen tussen onderzoeken met contrastmiddeltoediening

Module 5 Meerdere onderzoeken met contrastmiddelen bij patiénten met normale of
gereduceerde nierfunctie

Klinische vraag
Wat is een veilig tijdsinterval bij patiénten met een verminderde nierfunctie tussen twee

radiologische of cardiologische onderzoeken?
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Wat is een veilig tijdsinterval bij patiénten met een verminderde nierfunctie en:

1 Twee onderzoeken met jodiumhoudend contrastmiddel?
2 Twee onderzoeken met gadoliniumhoudend contrastmiddel?
3 Twee onderzoeken met jodiumhoudend- en gadoliniumhoudend contrastmiddel?

Deze vraag bevat de volgende subgroepen:

° Electieve CT/Angio/MRI bij patiénten met een normale nierfunctie (eGFR >60 ml/min/1.73m?)

° Electieve CT/Angio/MRI bij patiénten matig verminderde nierfunctie (eGFR 30-60
ml/min/1.73m?)

° Electieve CT/Angio/MRI bij patiénten met ernstig verminderde nierfunctie (eGFR < 30
ml/min/1.73m?)

. CT/Angio/MRI bij spoedeisende of levensbedreigende situaties

Aanbevelingen

1. Veilig tijdsinterval tussen radiologische of cardiologische onderzoeken met jodiumhoudende
contrastmiddelen

Overweeg een wachttijd tussen electieve contrastmiddel-versterkte CT of (coronair) angiografie
onderzoeken met meerdere jodiumhoudende contrastmiddeltoedieningen bij patiénten met een
normale nierfunctie (eGFR>60 ml/min/1.73m?) van:

° Optimaal 12 uur (bijna complete eliminatie van vorig toegediend jodiumhoudend
contrastmiddel)
° Minimaal 4 uur (als de klinische indicatie een snelle follow up vereist)

Overweeg een wachttijd tussen electieve contrastmiddel-versterkte CT of (coronair) angiografie
onderzoeken met meerdere jodiumhoudende contrastmiddeltoedieningen bij patiénten met een
matig verminderde nierfunctie (eGFR 30-60 ml/min/1.73m?) van:

° Optimaal 48 uur (bijna complete eliminatie van vorig toegediend jodiumhoudend
contrastmiddel)
° Minimaal 16 uur (als de klinische indicatie een snelle follow up vereist)

Overweeg een wachttijd tussen electieve contrastmiddel-versterkte CT of (coronair) angiografie
onderzoeken met meerdere jodiumhoudende contrastmiddeltoedieningen bij patiénten met een
ernstig verminderde nierfunctie (eGFR <30 ml/min/1.73m?) van:

° Optimaal 168 uur (bijna complete eliminatie van vorig toegediend jodiumhoudend
contrastmiddel)
° Minimaal 60 uur (als de klinische indicatie een snelle follow up vereist)

Bij spoedeisende of levensbedreigende situaties, houd minder wachttijd aan tussen contrast-
versterkte onderzoeken met opeenvolgende jodiumhoudende contrastmiddeltoedieningen.

2. Veilig tijdsinterval tussen radiologische onderzoeken met gadoliniumhoudende contrastmiddelen
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Overweeg een wachttijd tussen electieve contrastmiddel-versterkte MRI onderzoeken met
meerdere gadoliniumhoudende contrastmiddeltoedieningen bij patiénten met een normale
nierfunctie (eGFR>60 ml/min/1.73m?) van:

° Optimaal 12 uur (bijna complete eliminatie van het vorig toegediende gadoliniumhoudende
contrastmiddel)
° Minimaal 4 uur (als de klinische indicatie een snelle follow up vereist)

Overweeg een wachttijd tussen electieve contrastmiddel-versterkte MRI onderzoeken met
meerdere gadoliniumhoudende contrastmiddeltoedieningen bij patiénten met een matig
verminderde nierfunctie (eGFR 30-60 ml/min/1.73m?) van:

. Optimaal 48 uur (bijna complete eliminatie van vorig toegediend gadoliniumhoudend
contrastmiddel)
° Minimaal 16 uur (als de klinische indicatie een snelle follow up vereist)

Overweeg een wachttijd tussen electieve contrastmiddel-versterkte MRI onderzoeken met
meerdere gadoliniumhoudende contrastmiddeltoedieningen bij patiénten met een ernstig
verminderde nierfunctie (eGFR <30 ml/min/1.73m?) van:

° Optimaal 168 uur (bijna complete eliminatie van vorig toegediende gadoliniumhoudende
contrastmiddel)
° Minimaal 60 uur (als de klinische indicatie een snelle follow up vereist)

Bij spoedeisende of levensbedreigende situaties, houd minder wachttijd aan tussen contrast-
versterkte onderzoeken met opeenvolgende gadoliniumhoudende contrastmiddel-toedieningen.

3. Veilig tijdsinterval tussen radiologische of cardiologische onderzoeken met jodiumhoudende en
gadoliniumhoudende contrastmiddelen

Bij CT of (coronair) angiografie met jodiumhoudend contrastmiddel en MRI met gadoliniumhoudend
contrastmiddel op dezelfde dag in electieve situaties, is het beter om met het MRI-onderzoek te
starten, behalve als het CT onderzoek voor de nieren, ureters of blaas bedoeld is (CT Urografie).

Overweeg een wachttijd tussen een electieve MRI met gadoliniumhoudend contrastmiddel en een
CT of (coronair) angiografie met jodiumhoudend contrastmiddel bij patiénten met een normale
nierfunctie (eGFR >60 ml/min/1.73m?) van:

° Optimaal 6 uur (bijna complete eliminatie van vorig toegediende gadoliniumhoudende
contrastmiddel)
° Minimaal 2 uur (als de klinische indicatie een snelle follow up vereist)
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Overweeg een wachttijd tussen een electieve MRI met gadoliniumhoudend contrastmiddel en een
CT of (coronair) angiografie met jodiumhoudend contrastmiddel bij patiénten met een matig
verminderde nierfunctie (eGFR 30-60 ml/min/1.73m?) van:

° Optimaal 48 uur (bijna complete eliminatie van vorig toegediende gadoliniumhoudende
contrastmiddel)
° Minimaal 16 uur (als de klinische indicatie een snelle follow up vereist)

Overweeg een wachttijd tussen een electieve MRl met gadoliniumhoudend contrastmiddel en een
CT of (coronair) angiografie met jodiumhoudend contrastmiddel bij patiénten met een ernstig
verminderde nierfunctie (eGFR <30 ml/min/1.73m?) van:

° Optimaal 168 uur (bijna complete eliminatie van vorig toegediende gadoliniumhoudende
contrastmiddel)
. Minimaal 60 uur (als de klinische indicatie een snelle follow up vereist)

Bij CT of (coronair) angiografie met jodiumhoudend contrastmiddel en MRI met gadoliniumhoudend
contrastmiddel op dezelfde dag in spoedeisende of levensbedreigende situaties, voer beide
onderzoeken direct achter elkaar uit zonder wachttijd.

Hoofdstuk 6 Preventie van contrastmiddel-geinduceerde encefalopathie
Klinische vraag

Wat zijn strategieén om contrastmiddel-geinduceerde encefalopathie (CIE) te voorkomen?

Aanbevelingen

Zorgmedewerkers zouden alert moeten zijn op het voorkomen van contrastmiddel-geinduceerde
encefalopathie (CIE) na toediening van een jodiumhoudend contrastmiddel.

Adequate preventiestrategieén zijn niet in detail onderzocht.

Het algemene advies voor de klinische praktijk:

1. Minimaliseer de hoeveelheid toegediend jodiumhoudend contrastmiddel zoveel mogelijk
tijdens endovasculaire interventies

2. Overweeg om patiénten met een ernstige verminderde nierfunctie (eGFR <30
ml/min/1.73m2) te hydrateren voordat jodiumhoudend contrastmiddel wordt toegediend
(zie protocol in richtlijn Veilig Gebruik van Contrastmiddelen, Deel 1).

3. Monitor patiénten de eerste 6 uur na endovasculaire interventies voor neurologische
symptomen en consulteer laagdrempelig een neuroloog bij ontstaan van neurologische
symptomen.

4. Behandel, afhankelijk van de klinische symptomen van CIE, met anti-epileptische medicatie,
corticosteroiden, intraveneuze hydratatie en/of mannitol.
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Hoofdstuk 7 Follow up strategieén na hypersensitiviteitsreacties op contrastmiddelen

Module 7.1 In vitro testen bij patiénten met hypersensitiviteitsreacties op contrastmiddelen
(update van module 3 uit deel 2)

Klinische vraag
Wat is de diagnostische waarde van serum en/of urinetesten voor contrastmiddel-geinduceerde

hypersensitiviteitsreacties?

Aanbevelingen

matige tot ernstige acute hypersensitiviteitsreacties na contrastmiddeltoediening. Deze meting
dient als baseline voor verder allergologisch onderzoek.
*Zie ook flow charts

Meet serum tryptase, het liefst binnen 1-2 uur (tussen 15 minuten en 4 uur) vanaf de start van alle

Basofiele activatietesten zijn gereserveerd voor selecte patiénten met matige tot ernstige acute
hypersensitiviteitsreacties, en zijn alleen beschikbaar in gespecialiseerde allergologiecentra.

Nederland.

Voor niet-acute hypersensitiviteitsreacties zijn geen noemenswaardige in-vitro testen beschikbaar in

Module 7.2 Diagnostische waarde van huidtesten voor hypersensitiviteitsreacties na
contrastmiddelen (update van module 4 uit deel 2)

Klinische vraag
Wat zou gedaan moeten worden bij patiénten met een geschiedenis van hypersensitiviteitsreacties

na contrastmiddeltoediening om het risico op herhaling van hypersensitiviteitsreacties te
voorkomen?

Aanbevelingen
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Verwijs de patiént naar een allergoloog om huidtesten uit te voeren met het te verwachten
oorzakelijke contrastmiddel en met diverse alternatieve contrastmiddelen, bij voorkeur binnen 6
maanden na de hypersensitiviteitsreactie.

Doe dit bij de volgende patiéntengroepen:

° Matige tot ernstige acute hypersensitiviteitsreacties door een contrastmiddel
° Ernstige mucocutane niet-acute hypersensitiviteitsreacties door een contrastmiddel
° Hypersensitiviteitsreacties op twee of meer verschillende contrastmiddelen van hetzelfde

type (bijvoorbeeld twee verschillende jodiumhoudende contrastmiddelen) of twee of meer
types contrastmiddelen (bijvoorbeeld een jodiumhoudend contrastmiddel en een
gadoliniumhoudend contrastmiddel)

° Alle patiénten met een doorbraak hypersensitiviteitsreactie ondanks premedicatie met
corticosteroiden en/of H1-antihistaminen

*Zie ook flow charts

Specificeer altijd het gebruikte contrastmiddel in de verwijzing naar de allergoloog.

Module 7.3 Risicofactoren voor hypersensitiviteitsreacties op contrastmiddelen (update van
module 5.1 uit deel 2)

Klinische vraag
Welke patiénten hebben een verhoogd risico op hypersensitiviteitsreacties na

contrastmiddeltoediening?

Aanbevelingen

Beschouw alleen een eerdere hypersensitiviteitsreactie als een relevante risicofactor voor het
ontwikkelen van een nieuwe hypersensitiviteitsreactie.

Module 7.4 Profylactische maatregelen om hypersensitiviteitsreacties na contrastmiddelen te
voorkomen (update van module 5.2 uit deel 2)

Klinische vraag

Welke profylactische maatregelen zouden moeten worden genomen bij patiénten met een verhoogd
risico op hypersensitiviteitsreacties na contrastmiddeltoediening?

Deze vraag bevat de volgende patiéntcategorieén:

I Patiénten met voorgaande (acute) hypersensitiviteitsreacties na jodiumhoudend
contrastmiddel of gadoliniumhoudend contrastmiddel

Il Patiénten met voorgaande doorbraakreactie na contrastmiddelen

1] Patiénten met een voorgaande hypersensitiviteitsreactie na meerdere contrastmiddelen
v Patiénten met een voorgaande niet-acute (vertraagde) hypersensitiviteitsreactie na
jodiumhoudend contrastmiddel of gadoliniumhoudend contrastmiddel
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Daarnaast werden de volgende onderwerpen behandeld:
Vv Kruisreactiviteit tussen contrastmiddelen
Vi Documentatie van hypersensitiviteitsreacties

Aanbevelingen

Bij alle patiénten met een (gedocumenteerde) geschiedenis van een hypersensitiviteitsreactie op
een jodiumhoudend contrastmiddel of een gadoliniumhoudend contrastmiddel, overweeg een
alternatieve beeldvormingstechniek. Wanneer dit niet mogelijk is, overweeg om onderzoek zonder
contrastmiddel uit te voeren, maar alleen als dit een acceptabele reductie in diagnostische kwaliteit
oplevert.

*Zie ook flow charts

| Patiénten met voorgaande (acute) hypersensitiviteitsreacties na jodiumhoudend contrastmiddel of
gadoliniumhoudend contrastmiddel

Bij patiénten met een (gedocumenteerde) geschiedenis van een milde acute

hypersensitiviteitsreactie door jodiumhoudend contrastmiddel of gadoliniumhoudende

contrastmiddel:

° Behandel deze patiénten als elke andere patiént, aangezien er geen risico is op het
ontwikkelen van een matige of ernstige overgevoeligheidsreactie.

*Zie ook flow charts

Bij patiénten met een (gedocumenteerde) geschiedenis van een matige tot ernstige acute
overgevoeligheidsreactie door jodiumhoudend contrastmiddel of gadoliniumhoudende
contrastmiddel:

° Stel het onderzoek uit en verwijs naar een allergoloog.

Als er geen tijd is om de patiént naar een allergoloog te verwijzen:

° Kies een ander jodiumhoudend contrastmiddel of gadoliniumhoudend contrastmiddel als het
contrastmiddel dat de reactie veroorzaakte bekend is*
° Overweeg om een test te doen door eerst 10% van het contrastmiddel te geven en de patiént

>15 minuten te observeren: vooral bij ernstige reacties en wanneer het contrastmiddel dat de
reactie veroorzaakte onbekend is

° Observeer de patiént 2 30 min met behoud van intraveneuze toegang

° Wees alert op een nieuwe overgevoeligheidsreactie

*Zie ook flow charts

Il Patiénten met voorgaande doorbraakreactie na contrastmiddelen

Verwijs patiénten met een doorbraak overgevoeligheidsreactie op jodiumhoudend contrastmiddel
of gadoliniumhoudend contrastmiddel altijd naar een allergoloog voor huidtesten met verschillende
jodiumhoudende contrastmiddelen en gadoliniumhoudende contrastmiddelen.

*Zie ook flow charts
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Il Patiénten met een voorgaande hypersensitiviteitsreactie na meerdere contrastmiddelen

Verwijs patiénten met een overgevoeligheidsreactie na meerdere jodiumhoudende
contrastmiddelen of gadoliniumhoudende contrastmiddelen (ofwel 2 of meer jodiumhoudende
contrastmiddelen, ofwel 2 of meer gadoliniumhoudende contrastmiddelen, ofwel een
jodiumhoudend contrastmiddel én een gadoliniumhoudend contrastmiddel) altijd naar een
allergoloog. Pas daarnaast dezelfde principes als hierboven omschreven toe.

*Zie ook flow charts

IV Patiénten met een voorgaande niet-acute (vertraagde) hypersensitiviteitsreactie na
jodiumhoudend contrastmiddel of gadoliniumhoudend contrastmiddel

Bij patiénten met (verdenking op) een eerdere ernstige niet-acute cutane overgevoeligheidsreactie
waarbij alarmsymptomen** aanwezig waren:

° Geef geen jodiumhoudend contrastmiddel of gadoliniumhoudend contrastmiddel
° Verwijs de patiént direct naar een allergoloog.

Bij patiénten met een geschiedenis van een milde-matige niet-acute cutane
overgevoeligheidsreactie waarbij alarmsymptomen** ontbraken:

° Kies een ander jodiumhoudend contrastmiddel of gadoliniumhoudend contrastmiddel als het
contrastmiddel dat de reactie veroorzaakte bekend is*
° Geef instructies aan de patiént als de reactie opnieuw optreedt om foto’s van de huidlaesies

te maken en naar de radiologie-afdeling te sturen voor beoordeling
*Zie ook flow charts

* Houd rekening met kruisreactiviteit van contrastmiddelen (zie Tabellen 7.4.1 en 7.4.2) en een
verhoogd risico op NIHR bij iso-osmolaire ICM.

** Alarmsymptomen: erosieve en/of hemorragische laesies, blaarvorming en schade aan de huid,
betrokkenheid van slijmvliezen, extracutane orgaanbetrokkenheid (koorts, verstoorde lever-
en/of nierwaarden, lymfadenopathie).

V Kruisreactiviteit tussen contrastmiddelen

Kruisreactiviteit is het meest relevant bij allergische hypersensitiviteitsreacties.

Eris een hogere kans op kruisreactiviteit bij:

° Jodiumhoudend contrastmiddel met een N-(2,3 hydroxypropyl)-carbamoyl zijketen
° Macrocyclisch gadolinium-houdend contrastmiddel

De allergoloog bepaalt door middel van huidtesten met verschillende jodiumhoudende
contrastmiddelen en gadoliniumhoudende contrastmiddelen:

° De oorzaak van de allergische reactie
° Kruisreactiviteit tussen verschillende contrastmiddelen
° Suggesties voor veilige alternatieve contrastmiddelen
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VI Documentatie van hypersensitiviteitsreacties

De arts die verantwoordelijk is voor de toediening van het contrastmiddel is ook verantwoordelijk
voor accurate documentatie van de hypersensitiviteitsreactie in het verslag van de beeldvorming.

De arts die verantwoordelijk is voor de toediening van het contrastmiddel of de allergoloog is ook
verantwoordelijk voor accurate documentatie van de hypersensitiviteitsreactie in het elektronisch
patiéntendossier.

Documenteer altijd op naam van het specifieke contrastmiddel en dit moet alleen gedaan worden
door artsen of allergologen met ervaring op het gebied van contrastmiddelen.

Registreer het volgende na elke overgevoeligheidsreactie op contrastmiddelen:

° De plaats, datum en tijd van de contrast toediening - in het verslag van de beeldvorming en in
het elektronisch patiéntendossier.

° De naam en dosis (volume, concentratie) van het specifieke contrastmiddel - in het verslag
van de beeldvorming en in het elektronisch patiéntendossier.

° Het type overgevoeligheidsreactie, acuut of laat - in het verslag van de beeldvorming en in het
elektronisch patiéntendossier.

° Alle symptomen en vitale parameters (bloeddruk, pols, ademsnelheid, zuurstof saturatie) van
de patiént - in het verslag van de beeldvorming en in het elektronisch patiéntendossier.

° De behandeling die werd gegeven en de respons van de patiént daarop - in het verslag van de
beeldvorming en in het elektronisch patiéntendossier.

° Gegevens van klinische follow-up en adviezen voor toekomsten premedicatie - in het verslag
van de beeldvorming en in het elektronisch patiéntendossier.

° Gegevens over consultatie van een allergoloog over toekomstige contrastmiddeltoediening -

in het elektronisch patiéntendossier.

Wanneer het om een ernstige of ongebruikelijke hypersensitiviteitsreactie gaat is de arts die
verantwoordelijk is voor toediening van het contrastmiddel ook verantwoordelijk voor accurate
rapportering naar de nationale farmacologie-autoriteit LAREB.

Hoofdstuk 8 Analytische Interferentie van contrastmiddelen met klinische laboratoriumtesten
Klinische vraag
Hoe kunnen contrastmiddelen interferentie geven op vaak toegepaste laboratorium testen?

1 Interferentie door jodiumhoudende contrastmiddelen
2 Interferentie door gadoliniumhoudende contrastmiddelen

Aanbevelingen
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Bloedanalyse

Wees bewust dat een potentiéle interferentie van contrastmiddelen op laboratoriumtesten bestaat,
en dat dit cruciaal is om onnodige work-up van patiénten te voorkomen.

Zoals bij alle laboratoriumtesten moeten de resultaten worden geinterpreteerd in relatie tot de
medische geschiedenis en het klinische onderzoek van de patiént.

Consulteer de laboratoriumarts wanneer er discrepanties zijn tussen de klinische presentatie en de
uitslagen van laboratoriumtesten.

Voer bloedonderzoeken uit voordat toediening van contrastmiddelen plaatsvindt of stel
bloedonderzoek uit voor niet-spoedeisende klinische laboratoriumtesten voor een periode van*:

° Tenminste 4 uur en optimaal 12 uur na toediening van contrastmiddelen bij patiénten met
een normale nierfunctie (eGFR > 60 mL/min/1.73 m?)

° Tenminste 16 uur en optimaal 48 uur na toediening van contrastmiddelen bij patiénten met
een gereduceerde nierfunctie (eGFR 30-60 mL/min/1.73 m?)

° Tenminste 60 uur en optimaal 168 uur na toediening van contrastmiddelen bij patiénten met

een ernstig gereduceerde nierfunctie (eGFR < 30 mL/min/1.73 m?)

* Zie ook Hoofdstuk 5 Veilige tijdsintervallen tussen onderzoeken met contrastmiddeltoediening

Urine-analyse

Voer urineonderzoek uit voordat toediening van contrastmiddelen plaatsvindt of stel
urineonderzoek uit voor niet-spoedeisende klinische laboratoriumtesten voor een periode van**:

° Tenminste 24 uur na toediening van contrastmiddelen bij patiénten met een normale
nierfunctie (eGFR > 60 mL/min/1.73 m?)

° Tenminste 48 uur na toediening van contrastmiddelen bij patiénten met een gereduceerde
nierfunctie (eGFR 30-60 mL/min/1.73 m?)

° Tenminste 168 uur na toediening van contrastmiddelen bij patiénten met een ernstig

gereduceerde nierfunctie (eGFR < 30 mL/min/1.73 m?)

** Criteria zijn gebaseerd op bijna complete eliminatie van contrastmiddelen

Hoofdstuk 9 Gadoliniumdepositie in het lichaam na het gebruik van gadoliniumhoudend
contrastmiddel

Module 9.1 Gadoliniumdepositie in de hersenen en in het lichaam
Klinische vraag

Wat is het effect van gadoliniumdepositie in de hersenen en in het lichaam?

Aanbevelingen
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Op dit moment is er geen bewijs van klinische symptomen of schade door gadoliniumdepositie in de
hersenen of het lichaam.

Zorg voor een strikte indicatie voor gadolinium-versterkt MRI en gebruik alleen EMA-goedgekeurde
gadoliniumhoudende contrastmiddelen bij alle patiénten om potentiéle gadoliniumdepositie te
minimaliseren. *

*Zie ook module 9.2 Strategieén voor dosisverlaging bij gadoliniumhoudende contrastmiddelen

Deze richtlijnwerkgroep ondersteunt de door de ACR Committee on Drugs and Contrast Media
gesuggereerde terminologie ‘Symptoms Associated with Gadolinium Exposure’ voor
zelfgerapporteerde symptomen door patiénten.

Module 9.2 Strategieén voor dosisverlaging van gadoliniumhoudende contrastmiddelen
Klinische vraag

Op welke manier kan de dosis van gadoliniumhoudende contrastmiddelen worden geminimaliseerd
zonder de diagnostische accuratesse te verminderen?

De volgende categorieén werden gedefinieerd:

I Potentiéle dosisreductiestrategieén voor neurobeeldvorming met gadoliniumhoudend
contrastmiddel

Il Potentiéle dosisreductiestrategieén voor cardiovasculaire beeldvorming met
gadoliniumhoudend contrastmiddel

i Potentiéle dosisreductiestrategieén voor musculoskeletale beeldvorming met
gadoliniumhoudend contrastmiddel

v Potentiéle dosisreductiestrategieén voor abdominale beeldvorming met gadoliniumhoudend
contrastmiddel
Vv Potentiéle dosisreductiestrategieén voor mammabeeldvorming met gadoliniumhoudend

contrastmiddel

Aanbevelingen

I Potentiéle dosisreductiestrategieén voor neurobeeldvorming met gadoliniumhoudend
contrastmiddel

De resultaten van de LEADER-75 studie geven aan dat de dosis van gadoliniumhoudende
contrastmiddelen (gadobutrol) kan worden gereduceerd tot 75% van de standaarddosering (0.075
mmol/kg lichaamsgewicht (equivalent aan 0.075 ml/kg lichaamsgewicht)) bij patiénten met
verdenking op laesies in de hersenen.

Het gebruik van deep learning gebaseerde methoden voor dosisreductie van gadoliniumhoudende
contrastmiddelen bij patiénten met verdenking op laesies in de hersenen kan op basis van de
huidige literatuur niet worden aanbevolen.
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Il Potentiéle dosisreductiestrategieén voor cardiovasculaire beeldvorming met
gadoliniumhoudend contrastmiddel

Beeldvorming met standaarddosering wordt aanbevolen bij patiénten met klinische indicaties voor
de toediening van gadoliniumhoudende contrastmiddelen bij cardiale MRI.

MRA-technieken zonder contrastmiddel (v.b. time-of-flight MRA) zijn op grote schaal beschikbaar en
kunnen worden gebruikt voor accurate evaluatie van de graad van stenose van de supra-aortale
vaten.

ECG-gated MRA sequenties zijn op grote schaal beschikbaar en worden aanbevolen in plaats van
lage dosis contrastmiddel-versterkte MRA technieken voor de evaluatie van aorta dimensies.

11 Potentiéle dosisreductiestrategieén voor musculoskeletale beeldvorming met
gadoliniumhoudend contrastmiddel

Beeldvorming met standaarddosering wordt aanbevolen bij patiénten met klinische indicaties voor
de toediening van gadoliniumhoudende contrastmiddelen bij musculoskeletale MRI.

v Potentiéle dosisreductiestrategieén voor abdominale beeldvorming met gadoliniumhoudend
contrastmiddel

Prostaat

Er is toenemend bewijs dat biparametrische protocollen (T2w + DWI) zouden kunnen worden
gebruikt als alternatief voor multiparametrische (T2w + DWI + DCE) protocollen voor de detectie van
prostaatkanker.

Lever

Beeldvorming met standaarddosering wordt aanbevolen bij patiénten met klinische indicaties voor
de toediening van gadoliniumhoudende contrastmiddelen bij MRI van de lever.

Vv Potentiéle dosisreductiestrategieén voor mammabeeldvorming met gadoliniumhoudend
contrastmiddel

Beeldvorming met standaarddosering wordt aanbevolen bij patiénten met klinische indicaties voor
het toedienen van gadoliniumhoudende contrastmiddelen bij MRI van de mammae.
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Justification of the guideline

Validity

The Radiological Society of the Netherlands (NVVR) will determine around 2027 if this guideline (per

module) is still valid and applicable. If necessary, the scientific societies will form a new guideline

group to revise the guideline. The validity of a guideline can be shorter than 5 years, if new scientific

or healthcare structure developments arise, that could be a reason to commence revisions. The

Radiological Society of the Netherlands is the owner of this guideline and thus primarily responsible

for the actuality of the guideline. Other scientific societies that have participated in the guideline
development share the responsibility to inform the primarily responsible scientific society about
relevant developments in their field.

Initiative
° Radiological Society of the Netherlands (NVVR)

In association with

Netherlands Association of Internal Medicine (NIV)

The Dutch Association of Neurosurgery (NVvN)

The Dutch Society of Allergology and Clinical Immunology (NVVAKI)

The Dutch Society of Cardiology (NVVC)

The Dutch Society of Clinical Chemistry and Laboratory Medicine (NVKC)

The Dutch Society of Endocrinology (NVE)

The Dutch Society of Neurology (NVN)

The Dutch Society of Obstetrics and Gynaecology (NVOG)

The Dutch Society of Surgery (NVvH) / The Dutch Society of Vascular Surgery (NVvV)

General Information

The Kennisinstituut van de Federatie Medisch Specialisten (www.kennisinstituut.nl) assisted the
guideline development group. The guideline was financed by Stichting Kwaliteitsgelden Medisch
Specialisten (SKMS) which is a quality fund for medical specialists in The Netherlands.

Guideline development group (GDG)

A multidisciplinary guideline development group (GDG) was formed for the development of the
guideline in 2020. The GDG consisted of representatives from all relevant medical specialization
fields which were using intravascular contrast administration in their field.

All GDG members have been officially delegated for participation in the GDG by their scientific

societies. The GDG has developed a guideline in the period from June 2020 until November 2022.

The GDG is responsible for the complete text of this guideline.
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Input of patient’s perspective

The guideline does not address a specific adult patient group, but a diverse set of diagnoses.
Therefore, it was decided to invite a broad spectrum of patient organisations for the
stakeholder consultation. The stakeholder consultation was performed at the beginning of
the process for feedbacking on the framework of subjects and clinical questions addressed in
the guideline, and during the commentary phase to provide feedback on the concept
guideline. The list of organisations which were invited for the stakeholder consultation can
be requested from the Kennisinstituut van de Federatie Medisch Specialisten
(secretariaat@kennisinstituut.nl). In addition, patient information on safe use of contrast
media in pregnancy and lactation was developed for Thuisarts.nl, a platform to inform
patients about health and disease.

Implementation

During different phases of guideline development, implementation and practical
enforceability of the guideline were considered. The factors that could facilitate or hinder
the introduction of the guideline in clinical practice have been explicitly considered. The
implementation plan can be found in the ‘Appendices to modules’. Furthermore, quality
indicators were developed to enhance the implementation of the guideline. The indicators
can also be found in the ‘Appendices to modules’.

Methodology

AGREE

This guideline has been developed conforming to the requirements of the report of
Guidelines for Medical Specialists 2.0 by the advisory committee of the Quality Counsel
(www.kwaliteitskoepel.nl). This report is based on the AGREE Il instrument (Appraisal of
Guidelines for Research & Evaluation Il) (www.agreetrust.org), a broadly accepted
instrument in the international community and based on the national quality standards for
guidelines: “Guidelines for guidelines” (www.zorginstituutnederland.nl).

Identification of subject matter

During the initial phase of the guideline development, the GDG identified the relevant
subject matter for the guideline. The framework is consisted of both new matters, which
were not yet addressed in part 1 and 2 of the guideline, and an update of matters that were
subject to modification (for example in case of new published literature). Furthermore, a
stakeholder consultation was performed, where input on the framework was requested.

Clinical guestions and outcomes

The outcome of the stakeholder consultation was discussed with the GDG, after which
definitive clinical questions were formulated. Subsequently, the GDG formulated relevant
outcome measures (both beneficial and harmful effects). The GDG rated the outcome
measures as critical, important and of limited importance (GRADE method). Furthermore,
where applicable, the GDG defined relevant clinical differences.

Search and select

For clinical questions, specific search strategies were formulated, and scientific articles
published in several electronic databases were searched. First, the studies that potentially
had the highest quality of research were reviewed. The GDG selected literature in pairs
(independently of each other) based on the title and abstract. A second selection was
performed by the methodological advisor based on full text. The databases used, selection
criteria and number of included articles can be found in the modules, the search strategy in
the appendix.
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Quality assessment of individual studies

Individual studies were systematically assessed, based on methodological quality criteria
that were determined prior to the search. For systematic reviews, a combination of the
AMSTAR checklist and PRISMA checklist was used. For RCTs the Cochrane risk of bias tool
and suggestions by the CLARITY Group at McMaster University were used, and for cohort
studies/observational studies the risk of bias tool by the CLARITY Group at McMaster
University was used. The risk of bias tables can be found in the separate document
Appendices to modules.

Summary of literature

The relevant research findings of all selected articles were shown in evidence tables. The
evidence tables can be found in the separate document Appendices to modules. The most
important findings in literature were described in literature summaries. When there were
enough similarities between studies, the study data were pooled.

Grading quality of evidence and strength of recommendations

The strength of the conclusions of the included studies was determined using the GRADE-
method. GRADE stands for Grading Recommendations Assessment, Development and
Evaluation (see http://www.gradeworkinggroup.org) (Atkins, 2004). GRADE defines four
levels for the quality of scientific evidence: high, moderate, low, or very low. These levels
provide information about the certainty level of the literature conclusions
(http://www.guidelinedevelopment.org/handbook).

The evidence was summarized in the literature analysis, followed by one or more
conclusions, drawn from the body of evidence. The level of evidence for the conclusions can
be found above the conclusions. Aspects such as expertise of GDG members, local expertise,
patient preferences, costs, availability of facilities and organisation of healthcare aspects are
important to consider when formulating a recommendation. These aspects are discussed in
the paragraph justifications. The recommendations provide an answer to the clinical
guestion or help to increase awareness and were based on the available scientific evidence
and the most relevant justifications.

Appendices

Internal (meant for use by scientific society or its members) quality indicators were
developed with the guideline and can be found in the separate document Appendices to
modules. In most cases, indicators were not applicable. For most questions, additional
scientific research on the subject is warranted. Therefore, the GDG formulated knowledge
gaps to aid in future research, which can be found in the separate document Appendices to
modaules.

Commentary and authorisation phase

The concept guideline was subjected to commentaries by the involved scientific societies.
The list of parties that participated in the commentary phase can be requested from the
Kennisinstituut van de Federatie Medisch Specialisten (secretariaat@kennisinstituut.nl).
The commentaries were collected and discussed with the GDG. The feedback was used to
improve the guideline; afterwards the GDG made the guideline definitive. The final version
of the guideline was offered to the involved scientific societies for authorization and was
authorized.
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Chapter 1 Prevention of lodine-Induced Hyperthyroidism after lodine-
Based Contrast Media Administration

Clinical question

What are strategies for the prevention of iodine-induced thyroid dysfunction in:

° Patients with a history of cardiovascular disease and/or more than 65 years old

° Patients with a history of thyroid problems (goitre, hyperthyroidism, hypothyroidism)
° Patients who receive radioactive iodine treatment of the thyroid

Introduction

lodine-based contrast media contain substantial amounts of iodine which might result in
iodine-induced hyperthyroidism (IIHT) or iodine-induced hypothyroidism. Depending on the
magnitude of this risk and the clinical implications, prophylactic medication could be
considered.

Search and select
A systematic review of the literature was performed to answer the following question: What
are strategies for the prevention of IIHT, with a special interest in patients described above.

P (Patient): Patients with an indication of ICM administration with a special interest
for the subgroups described above.

I (Intervention): Prevention strategy for IIHT: methimazole (synonym: thiamazole),
propylthiouracil, perchlorate.

C (Comparison): No prevention strategy for IIHT or different prevention strategy.

O (Outcomes): lodine-induced hyperthyroidism, iodine-induced hypothyroidism.

Relevant outcome measures

The guideline development group considered iodine-induced hyperthyroidism (IIHT) as a
critical outcome measure for decision making, and iodine-induced hypothyroidism as
important outcome measures for decision making.

The working group defined the outcome measures as follows: iodine-induced
hyperthyroidism is the clinical condition of hyperthyroidism (e.g., palpitations,
tremulousness, heat intolerance) caused by iodinated contrast media, which usually occurs
weeks or months after its administration (Bednarczuk, 2021; Bervini, 2021). lodine-induced
hypothyroidism is the clinical condition of hypothyroidism (e.g., fatigue, weight gain, cold
intolerance) caused by iodinated contrast media, which usually occurs weeks or months
after its administration. Both iodinated contrast media induced hyperthyroidism and
hypothyroidism are usually self-limiting conditions and resolve within weeks to months.

The working group did not define a minimal clinical important difference beforehand,
because it is unclear what the prevalence of IIHT is in the no-prevention-strategy group
(control group) with risk factors for IIHT (the previously described groups at risk for [IHT).
Because literature about the subject is scarce, it was decided to provide only a descriptive
analysis.

Search and select (Methods)
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The databases Medline (via OVID) and Embase (via Embase.com) were searched with
relevant search terms until July 7", 2021. The detailed search strategy is depicted under the
tab Methods. The systematic literature search resulted in 188 hits. Studies were selected
based on the following criteria: studies with comparative design, comparing different
prevention strategies for IIHT in the previously described subgroups. Forty-two studies were
initially selected based on title and abstract screening. After reading the full text, forty
studies were excluded (see Table of excluded studies in ‘Appendices to modules’), and two
studies were included.

Results

Two studies were included in the analysis of the literature. Important study characteristics
and results are summarized in the evidence tables. The assessment of the risk of bias is
summarized in the risk of bias tables.

Summary of literature
Description of studies

Randomized controlled study

Nolte et al. (1996) performed a prospective randomized study aiming to investigate the
efficacy of prophylactic application of thyrostatic drugs in patients with subclinical
hyperthyroidism undergoing elective coronary angiography. The authors screened patients
for TSH who were admitted to the hospital for coronary angiography. Patients lived in an
area of moderate iodine deficiency. Inclusion criteria were age between 40-75 years, TSH
levels < 0.4 mU/L, normal FTs-index, normal FTs-index, and a normal ®™Technetium-uptake.
Those with manifest hyperthyroidism, large autonomous thyroid adenoma, immune related
thyroid disease, urine iodine excretion > 200 umol/mol creatinine, unstable angina pectoris
or a Karnofsky Index < 50% were excluded. In addition, patients were also excluded if they
were using thyroid hormones, thyrostatic drugs or amiodarone or had received contrast
media during the previous 6 months. In total 51 patients fulfilled the criteria and were
randomly assigned to one of three groups (17 patients in each group): group 1 received 20
mg of thiamazole once a day, group 2 was treated with 900 mg of sodium perchlorate
(300mg 3 times a day) and group 3 received no special therapy. The treatment started 1 day
before coronary angiography and lasted for 14 days. During angiography, patients were
exposed to a mean contrast volume of 149ml, ranging from 50 to 410 ml. The three groups
were comparable in age, sex, mean volume of contrast and goitre size. There were no side
effects reported from the thyrostatic drugs. Follow up assessment was done 30 days after
coronary angiography. Nolte (1996) defined IIHT as suppressed TSH (<0.4 mU/I) and
increased FT;-index and/or FTs-index. Nolte (1996) defined iodine-induced hypothyroidism
as increased TSH and reduced FT4-index 30 days after coronary angiography.

Prospective interventional study

Fricke et al. (2004) performed a prospective study that had the objective to identify which
patients with subclinical hyperthyroidism should receive prophylactic medication before
coronary angiography to prevent IIHT. The authors screened all patients admitted for
coronary angiography and included all patients with a basal TSH level of less than 0.3 mU/I
and normal levels of T; and FT,. Patients with thyroid antibodies or using medication for
thyroid disease were excluded. Additional exclusion criteria were use of amiodarone, renal
insufficiency (serum creatinine >133 pmol/l) or administration of contrast agents during the
previous 3 months. Indication for prophylactic drug treatment was determined by the TSH
level and the results of ®™Technetium scintigraphy. No prophylactic medication was given to
patients with 1) homogenous tracer distribution in the thyroid, *™Technetium thyroid
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uptake (TCTU) less than 1.5%, and TSH ranging from 0.05 to less than 0.3 mU/I; 2)
homogenous tracer distribution in the thyroid, TCTU less than 1.0%, and TSH less than 0.05
mU/I; and 3) focal uptake and TCTU less than 1.0%. All other patients received 900 mg
perchlorate (divided in 3 doses per day) for 2 weeks, starting at least 3 hours before
coronary angiography. Thiamazole was added depending on the volume of the autonomous
thyroid volume: 20 mg for 7 days in case of a volume of 5- 10 ml, and 60 mg thiamazole in
the first week followed by 20 mg in the second week in case of a volume > 10 ml. Age was no
selection criterion, mean age was 6518.7 years. Coronary angiography was performed with
an average of 157(+85 ml) iopromide containing 370 mg iodine per ml. In total 56 patients
underwent coronary angiography without and 19 patients with prophylactic medication, i.e.,
6 patients perchlorate only and 13 patients perchlorate combined with thiamazole. Follow
up assessment was done at 1, 14, and 28 days after coronary angiography. This paper did
not specifically define IIHT.

Results
Results will be described separately for the previously described subgroups.

1. lodine-induced hyperthyroidism (IIHT)

The prospective randomized controlled study by Nolte (1996) reported one case of IIHT in
the thiamazole group (1/17), one case in the perchlorate group (1/17), and two cases in the
control group (2/17). Thyroid hormone levels were only slightly elevated in all cases. Only
two persons developed mild clinical symptoms of hyperthyroidism, one in the thiamazole
group and one in the perchlorate group, but none of these needed treatment with
thyrostatic drugs.

The prospective interventional study by Fricke (2004) reported two cases of IIHT in the group
receiving prophylactic drug treatment (2/19). In one case prophylactic drug treatment had to
be stopped because of side effects, which was followed by development of hyperthyroidism.
In the other case, the patient demonstrated mild hyperthyroidism the day after coronary
angiography despite prophylactic treatment with perchlorate, which was stabilized within a
few days with the administration of thiamazole (Fricke, 2004). There we no cases of IIHT in
the group of 56 patients who did not receive prophylactic drug treatment.

TSH, thyroid hormones and ®™Technetium-uptake

The prospective randomized controlled study by Nolte (1996) measured TSH, delta TSH
(response 30 min after 200ug of TRH i.v.), mean FTs-index, mean FTs-index and
9mTechnetium-uptake at baseline and after follow-up of 30 days. The authors reported a
significant decrease in TSH and increase in FTs- and FTs-index in the control group, whereas
these values remained unchanged in the intervention groups or showed a slight increase
(TSH in the thiamazole group). Alterations of **™Technetium-uptake were minimal in both
intervention groups but was significantly reduced in the control group after 30 days.

TSH and free thyroxine

The prospective interventional study by Fricke (2004) reported TSH, FT4 and T3 at baseline
and at 1, 14 and 28 days after coronary angiography. Within the group receiving prophylactic
treatment (n=19), two cases of hyperthyroidism occurred. One patient developed IIHT after
interruption of the prophylactic treatment because of side effects. The other patient
demonstrated mild IIHT the day after ICM administration despite prophylactic treatment
with perchlorate, which was quickly resolved after addition of thiamazole. The remaining 17
patients in the prophylactic treatment group showed stable TSH and T3 levels, except for a
slight TSH increase and T3 decrease at day 28. In this group, FT4 was slightly elevated at day
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14 and slightly decreased at day 28. The group without prophylactic treatment (n=56)
showed an increase of TSH at day 1 and day 14, with an increase of FT4 day 14 and day 28
and a transient decrease in T3 at day 1 All changes in TSH, FT4 and T3 were within the
reference range.

2. lodine induced hypothyroidism

The prospective randomized study by Nolte (1996) found no cases of iodine-induced
hypothyroidism 30 days after coronary angiography. Fricke (2004) did not report this
outcome measure.

Level of evidence of the literature
Observational studies start at a low GRADE. Note: interventional studies.

The level of evidence regarding the outcome measure IIHT started on a low GRADE and was
further downgraded to a very low GRADE levels because of study limitations (risk of bias)
and the number of included patients (imprecision).

Conclusions
The evidence is very uncertain about the effect of prophylactic drugs on the
prevention of IIHT in patients with indication for iodinated contrast media
Verv low administration and
GRXDE - from a low iodine area (very low GRADE).
- with thyroid disease (very low GRADE).
Fricke, 2004, Nolte, 1996

Justifications — evidence to decision

lodine-based contrast medium (ICM) is administered during a CT-scan in volumes of 60-150
ml with iodine concentrations of 270-400 mg iodine (mgl) per ml. The total iodine dose of
the ICM with organically bound iodine that is administered is between 16,000 and 60,000
mgl. Since ICM are excreted unchanged in the urine and are not metabolized, this iodine
load will not be available to the thyroid. More important is that bottles of ICM contain small
amounts of inorganic free iodide, depending on shelf-life and exposure to light, which might
be directly available for thyroid uptake. Concentrations are in the range of 0,002-0,03
mgl/ml and as a result, an amount of approximately 0.1-4.5 mgl free iodide will be injected
(0,001-0,007% of the amount of injected organically bound iodine) (Rendl, 2001; van der
Molen, 2004). This amount is about 1-30 times the recommended daily allowance for iodine
of 150 pg. A recent study, however, showed no increased levels of free iodide in the thyroid
glands of ICM-treated animals (Hichri, 2020).

In a nested case-control study it was found that ICM exposure was associated with a risk of
hyperthyroidism (defined as TSH < 0.1 mU/I; OR 2.50, 95%CI 1.06-5.93) and a risk of
hypothyroidism (defined as TSH>10 mU/I; OR 3.05, 95%Cl 1.07-8.72) (Rhee, 2012). In a
recent meta-analysis, however, it was shown that the absolute risk of IIHT was very low with
an estimated prevalence of 0.1% (95%Cl 0.0-0.6%) (Bervini, 2021). IIHT develops when the
normal response to excess iodine with acute inhibition of the organification of iodine (i.e.,
acute Wolff-Chaikoff effect), is impaired. Risk factors include nontoxic diffuse or nodular
goiter, latent Graves’ disease, and long-standing iodine deficiency.
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The reported prevalence of overt iodine induced hypothyroidism ranges from 0-8.1%
(Bednarczuk, 2021). It develops when the thyroid fails to escape from the acute Wolff-
Chaikoff effect, which may occur in euthyroid patients with a wide variety of thyroid
disorders such as previous Hashimoto’s thyroiditis, Graves’ disease, thyroiditis, or previous
thyroid surgery (Lee, 2015). It should be noted that published studies on prevalence are
highly heterogeneous with respect to background iodine intake, selection of patients with or
without previous history of thyroid disease, sample size, type of radiological examination,
definition of thyroid disease and follow-up period. There are several case reports of iodine-
induced thyrotoxicosis describing complications such as atrial fibrillation, heart failure or
even thyroid storm (See Bednarczuk 2021, Table 2).

The efficacy of prophylactic treatment for development of iodine-induced hyperthyroidism
has not been convincingly demonstrated. The randomised study by Nolte (Nolte, 1996) did
not show a reduction of IIHT in the prophylactic treatment group, but that study was clearly
underpowered. The study by Fricke (Fricke, 2004) was not randomised and compared two
different subpopulations which were selected to receive prophylactic treatment or not
based on TSH level and ®™Technetium thyroid uptake. Despite prophylactic treatment, two
patients developed iodine induced hyperthyroidism. It should be noted, however, that the
study by Fricke (2004) did not contain a comparable control group without prophylactic
treatment.

The European Thyroid Association (ETA) has recently issued a guideline for the management
of iodine-based contrast media-induced thyroid dysfunction (Bednarczuk, 2021). In view of
the lack of well-designed studies in this field and to prevent conflicting statements as much
as possible, we decided to adopt several of the ETA guideline recommendations.

In view of the low incidence of iodine-induced thyroid dysfunction, the usually mild
symptoms and the self-limiting clinical course, routine testing of the thyroid function is not
indicated before ICM administration. Baseline testing of thyroid function might be
considered in patients at risk for development of iodine induced hyperthyroidism with a
complicated clinical course, i.e., patients older than 65 years with clinically severe
cardiovascular morbidity (Bednarczuk, 2021). Overt hyperthyroidism is generally considered
an absolute contraindication to ICM administration, and alternative imaging, like MRI or
ultrasound, is then recommended. In emergency cases, prophylactic treatment should be
initiated. Subclinical hyperthyroidism is not a contra-indication for ICM administration. In
patients older than 65 years with severe cardiovascular morbidity and subclinical
hyperthyroidism, prophylactic treatment might be considered. A more conservative
approach would be to measure thyroid function (TSH, FT4) 3-4 weeks after ICM
administration. A commonly used prophylactic treatment protocol is thiamazole 30 mg once
daily, started the day before ICM administration and continued for 14 days. It has been
suggested that combination with potassium perchlorate (500mg twice a day) would be more
effective. Treatment with thiamazole is usually well tolerated. Adverse effects are
predominantly skin allergy (maculopapular rash, urticaria) and arthralgias. The most
important adverse effect of potassium/sodium perchlorate is agranulocytosis, but this is a
rare event (about 1 in 275 patients) and occurs predominantly at daily dosages above
1000mg given for several months.

Baseline subclinical hypothyroidism and overt hypothyroidism are not a contraindication to
ICM administration.
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Yet another relevant question in clinical practice is the minimal interval required between
ICM injection and isotope imaging of the thyroid or radioactive iodine (RAI) treatment. The
administration of ICM is known to suppress thyroidal RAI uptake, lasting for several weeks
(Nygaard, 1998). Some studies on urinary iodine secretion after ICM administration for
outpatient CT scans indicate that 75% of patients’ values returned to baseline within 5-6
weeks and 90% within 11 weeks (Lee 2015, Nimmons, 2013). A study performed in post-
thyroidectomy patients requiring RAl treatment demonstrated that 1 month is sufficient for
urinary iodine to return to its baseline value after the use of ICM (Padovani, 2012). These
results may be used to guide the timing of RAl treatment as well as diagnostic scintigraphy
with radioactive iodine or Tc-99m-pertechnetate following contrast exposure. The American
Thyroid Association Management Guidelines for Adult Patients with Thyroid Nodules and
Differentiated Thyroid Cancer (2015) state that concerns about iodine burden from IV
contrast agents causing a clinically significant delay in subsequent whole-body scans or RAI
treatment post-thyroidectomy is generally unfounded, as iodine is generally cleared within
4-8 weeks in most patients (Haugen, 2016). In doubtful situations, a spot or 24-h urinary
iodine level may be checked before isotope studies. In line with the ETA guideline
(Bednarczuk, 2021), we recommend postponing isotope imaging of the thyroid and RAI
treatment for 4 to 8 weeks after ICM injection, or to withhold ICM administration 4 to 8
weeks before a planned RAI treatment.

Recommendations

In view of the low incidence of iodine induced thyroid dysfunction, the usually mild
symptoms, and the self-limiting clinical course, routine testing of the thyroid function is not
indicated before ICM administration. These recommendations are in line with the ETA
guideline (Bednarczuk, 2021).

Do not routinely measure the thyroid function before administration of iodine-based
contrast media.

Consider measurement of thyroid function in high-risk patients for iodine-induced
hyperthyroidism, especially in subjects older than 65 years and those with severe
cardiovascular morbidity.

In patients older than 65 years with severe cardiovascular morbidity and subclinical
hyperthyroidism, prophylactic treatment might be considered. These recommendations are
in line with the ETA guideline (Bednarczuk, 2021).

Consider prophylactic treatment prescribed by an internal medicine specialist in selected
patients with subclinical hyperthyroidism receiving iodine-based contrast media (e.g.,
patients older than 65 years or severe cardiovascular morbidity), starting one day before
contrast administration and continuing for 14 days with thiamazole 30 mg once daily and
possible addition of potassium perchlorate 500 mg twice daily.

After ICM injection, the iodine uptake by the thyroid gland is temporarily suppressed.
Therefore, isotope imaging of the thyroid or RAI should be postponed after ICM injection.
These recommendations are in line with the ETA guideline (Bednarczuk, 2021).

Guideline Safe Use of Contrast Media part 3
Guideline for Authorization Phase November 2022 52



Avoid isotope imaging of the thyroid and/or radioactive iodine treatment for 4-8 weeks
after iodine-based contrast media injection or withhold iodine-based contrast media
administration for 4-8 weeks before planned isotope imaging of the thyroid or radioactive
iodine treatment.
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Chapter 2 Safe Use of Contrast Media during Pregnancy

Clinical question

What is the safety profile of contrast media (iodine-based contrast media or gadolinium-
based contrast agents) during pregnancy for mother and child?

Introduction

Little is known about the safety of the use of contrast media (CM) in pregnant patients, both
for the mother and the unborn child. Not only the caregiver but also the patients themselves
have many questions about the safety of CM. The confusion about this safety can lead to
avoidance of a potential crucial diagnostic test. Therefore, an updated search is highly
needed.

Search and select

A systematic review of the literature was performed to answer the following question:
What are the effects of contrast media during pregnancy for mother and child regarding
safety?

P (Patients): Pregnant women with indication for examination with contrast media.

I (Intervention): Contrast media administration (iodine-based or gadolinium-based).

C (Comparison): No contrast media administration or different contrast media
administration.

O (Outcomes): Foetal: congenital malformation (e.g., thyroid), maternal: adverse
events.

Relevant outcome measures
The guideline working group considered congenital malformations as a critical outcome
measure for decision making.

A priori, the working group did not define the outcome measures listed above but used the
definitions used in the studies.

The working group defined the presence of a congenital malformation as a minimal clinically
(patient) important difference. Because of the severity of the outcome any statistically
significant difference was considered as a clinically important difference between groups.

Search and select (Methods)

The databases Medline (via OVID) and Embase (via Embase.com) were searched with

relevant search terms from January 1%, 2000, until January 26", 2021. The detailed search

strategy is depicted under the tab Methods. The systematic literature search resulted in 507

hits. Studies were selected based on the following criteria:

. Original clinical studies or systematic reviews of original clinical studies; both
randomized and observational studies were eligible

o Patient population consisted of pregnant patients

. The safety profile of contrast media administration regarding foetal congenital
malformations was compared between women who received contrast media versus
those who received no contrast media or a different contrast medium

° lodine-based contrast media (ICM) or gadolinium-based contrast agent (GBCA)
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Initially, thirty-one studies were selected based on title and abstract screening. After reading
the full text, thirty studies were excluded (see Table of excluded studies in ‘Appendices to
modules’) and one study was included.

Results

One study (Rajaram, 2012) about iodine-based contrast media was included in the analysis
of the literature. Important study characteristics and results are summarized in the evidence
tables and the assessment of the risk of bias is summarized in the risk of bias tables
(‘Appendices to modules’). Six studies were found that had the correct patient population
and intervention group, but no control group, or no ICM or GBCA. These studies are briefly
described in Table 2.1. Since the studies do not answer the search question, no quality of
evidence analysis or evidence tables have been made for them.

Description of studies

lodine-based contrast media

Rajaram, 2012 performed a retrospective review of 115 pregnant patients investigated for
suspected pulmonary embolism. The patient cohort consisted of two groups: Group A
consisted of 73 pregnant females who received iodinated contrast agent for CT-pulmonary
angiography (CTPA), and Group B (control group) consisted of 42 pregnant females who
were investigated by perfusion imaging only. For group A, a maximum dose of 100 m| of
non-ionic iodinated low-molecular-weight agent containing 300 mg/ml iopromide was used
as a standard contrast agent. The gestational age at the time of contrast administration was
in Group A (median 28 weeks, range 12-40) and Group B (median 29 weeks, range 7-38, p-
0.30). The results of the neonatal thyroid function tests for the babies of the mothers in
Groups A and B were compared. The blood samples for TSH levels were obtained from new-
borns by heel puncture test at the age of 5-8 days.

Gadolinium-based contrast media
No studies with a control group were found. Descriptive studies without control group can
be found in Table 2.1.

Results

lodine-based contrast media

Rajaram (2012) reported that no significant difference was found in neonatal TSH values
between the two groups (p=0.67). The average TSH value for group A, exposure to iodinated
contrast agent, was 1.1 mIU/ml. The average TSH value for group B, no exposure to
iodinated contrast agent, was 1.07 miU/ml.

Gadonium-based contrast media

Table 2.1: Brief description of studies that have the same patient population and intervention group as the
search question, but no control group

Study name Patient population | Type of contrast Results Other remarks
and number medium

lodine-based contrast media

Atwell, 2008 N=21 CT with iodinated IV For all neonatal Author’s conclusion:
pregnant patients contrast material patients, serum Based on neonatal
who underwent CT | (type was not TSH levels were TSH measurements
with iodinated IV further specified) normal. Mean in a small number of
contrast material serum TSH was 9.7 | patients, we found

Guideline Safe Use of Contrast Media part 3
Guideline for Authorization Phase November 2022 55



between February
2000 and October
2006. Mean
maternal age at
the time of CT was
29 years (range,
19-41 years).
Mean gestational
age (based on last
menstrual period)
at the time of CT
was 23 weeks
(range, 8-37
weeks). Neonatal
patients were born
at a mean of 38
weeks of gestation

ulu/mL (range,
2.2-28.8 wlu/mL).
No maternal
patient reported
thyroid problems
in her child

no ill effect of
iodinated contrast
agents on neonatal
thyroid function
after in utero
exposure.

Retrospective
observational study.

(range, 24-41
weeks of
gestation)

Bourjelly, 2010 N=344 lohexol. All new-borns had | Author’s conclusion:
All pregnant The mean dose of anormal T 4 level A single, high-dose
women who total iodine at birth; only one in utero exposure to
underwent administered was 45 | new-born had a water-soluble, low-
multidetector 000 mg/L 6 7321. transiently osmolar, iodinated
pulmonary abnormal TSH intravenous
computed level at birth, products, such as
tomographic which normalized iohexol, is unlikely to
angiography at day 6 of life. have a clinically

because they were
suspected of
having pulmonary
embolism between
2004 and 2008 and
new-borns
resulting from the
index pregnancy
were included.
Mean gestational
age at the time of
administration of
the contrast
material was 27.8

This new-born was
born to a mother
who had many
drug exposures
during pregnancy.

important effect on
thyroid function at
birth.

Retrospective
observational study.

weeks 6 7.4.
Kochi, 2012 N=61 (64 lodinated contrast The TSH and T4 Author’s conclusion:
neonates) levels for all This study concludes

pregnant women
receiving iodinated
contrast during a
CT scan procedure,
and their
neonates.

The mean age of
mothers in this
group was 27.6
years at the time
that they
underwent a CT
scan procedure.
The mean GA at
the time of the
procedure was
25.6 weeks. The

The mean amount of
non-ionic
radioiodine contrast
material used was
103.5 mL of Ultravist
300, which is
approximately equal
to 30 g of iodine. The
range was between
21 and 46 g of
iodine.

neonates, except
one in this group,
were within the
reference range of
0.5 to 6.0 KIU/mL
for TSH and 7 to
14 Kg/dL for T4.
One neonate had
a T4 level of less
than 6 Kg/dLand a
normal TSH level.
This patient was a
preterm infant
being born at the
25th week of
gestational age
who also

that there is no
significant adverse
clinical risk of
thyroid function
abnormalities to the
foetus after IV
iodinated contrast
material to their
mothers.

Retrospective
observational study.
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earliest GA was 8
weeks and the
latest was 37
weeks. The mean
GA at delivery was
37.5 weeks. Eight
women had
hypothyroidism.

a control group of
6 pregnant
patients that
received an CT
scan without
iodinated contrast
was included.
(Since the control
group contained
<10 patients, this
study was excluded
from the literature
analysis.)

developed
respiratory
distress syndrome
and sepsis.

Gadolinium-based contrast agents

De Santis, 2007 N=26 gadopentetate Two pregnancies, Author’s conclusion:
Pregnant women dimeglumine exposed at 15and | In this prospective
exposed to 18 days of cohort study, we
gadopentetate menstrual age found no maternal
dimeglumine in the were complicated or neonatal
periconceptional by low-birth- complications and
and first trimester weight infants only one congenital
period who had (LBW) but without | anomaly at birth.
undergone an MRI any neonatal
owing to other complications. Prospective
clinical indications. One congenital observational study.
Age: 31 + 4 years anomaly at birth in
The mean a baby that had
menstrual age at two
exposure was haemangiomas
29.78 days and born at 38 weeks
24/26 exposures to awoman
were in the exposed at 31 days
postconceptional of menstrual age
period. through an MRI

for a pituitary
adenoma.

Spencer, 2000 N=11 IV bolus of 0.1 There were no Author’s conclusion:
Women with mmol/kg of adverse obstetric MR excretory
symptomatic gadopentatate or infant urography is a
hydronephrosis dimeglumine outcomes. promising technique

during pregnancy
(1) clinical features
of loin painin
pregnancy as
assessed by an
obstetrician and
urologist; (2)
ipsilateral
dilatation of the
renal pelvis shown
by routine
abdominal
sonography; and
(3) informed

which affords
equivalent
functional and
additional
anatomical
information to
isotope renography.

Prospective study.
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consent of the
patient.

19-34 weeks of
gestation.
Patient age not
reported.

Ray, 2016

N= 397 exposed to
gadolinium MRI
and N=1418 451
not exposed.
Women with first
trimester exposure
to MRI.

Gadolinium-
enhanced MRI
during first trimester

“There were 7
stillbirths or
neonatal deaths
(17.6 per 1000)
following
gadolinium-
enhancedMRI
exposure (cohort
2) vs 9844
events (6.9 per
1000) in
nonexposed
women, an
adjusted RR

of 3.70 (95% ClI,
1.55-8.85) and an
adjusted risk
difference of
47.5 per 1000
(95% Cl, 9.7-
138.2)”

Author’s conclusion:
“Exposure to
gadoliniumenhanced
MRI at any gestation
was not associated
with a greater risk of
congenital
anomalies. Although
the NSF-like
outcome was
extremely rare,
gadolinium-
enhanced MRI was
associated with an
adjusted HR of 1.36
for any
rheumatological,
inflammatory or
infiltrative skin
condition up to age
4 years, and an
adjusted RR of 3.70
for stillbirth or
neonatal death,
albeit with just 7
events in the
gadolinium MRI
group.”

Level of evidence of the literature

lodine-based contrast media
The level of evidence regarding the outcome measure thyroid function started as GRADE low
due to the observational nature of the included study was downgraded by one level to very

low due to the small number of included patients (imprecision).

Gadolinium-based contrast agents

No studies with a control group were found. Therefore, no evidence tables, risk of bias
assessment and quality assessment were performed for the studies mentioned in Table 2.1.

Conclusions

lodine-based contrast media

Very low
GRADE

lodine-based contrast medium administration may have little to no effect on
neonatal thyroid function when compared with no iodinated contrast
medium administration in pregnant patients, but the evidence is very

uncertain.

Sources: Rajaram, 2012
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No evidence was found regarding the effect of iodine-based contrast medium
administration on congenital defects other than thyroid function when
compared with no iodine-based contrast medium administration in pregnant
patients.

No GRADE

Gadolinium-based contrast agents

No evidence was found regarding the effects of gadolinium-based contrast
agent administration on congenital defects when compared with no contrast
medium administration, or a different type of contrast medium
administration in pregnant patients.

No GRADE

Justifications — evidence to decision

The use of diagnostic imaging with contrast media (CM) in pregnant patients has always
been a topic of debate. It is known that administered CM pass the placenta and enter the
foetal circulation in small amounts, but due to lack of hard data on the possible side effects
for the foetus, it is difficult to give a solid advice to pregnant patients. Several reviews and
papers found in literature use the results of limited data and recommendations of other
guidelines (Lin, 2007; Little, 2020; Puac, 2017; Tremblay, 2012; Wang, 2012).

So far, different animal studies reported no congenital malformations with the use of iodine-
based contrast media (ICM) (Morisetti, 1994). There are some theoretical concerns that free
iodide can cause damage to the foetal thyroid gland (Webb, 2005).

With our search, only one comparative study was included for ICM. In this study no evidence
was found that the administration of ICM caused congenital abnormalities or influenced the
neonatal thyroid function (Rajaram, 2012). Three other non-comparative studies which were
excluded from our search because of missing control groups, but were described in table
2.1, also did not report any congenital abnormalities (Atwell, 2008; Bourjelly, 2010; Kochi,
2012). Based on these findings we found no evidence that ICM cause congenital
abnormalities. However, the evidence is uncertain due to the limited data and design of the
few studies. Recently, a systematic review (Van Welie, 2021) found the same results
regarding ICM with CT. They conducted a systematic review regarding ICM and their effect in
pre-conceptional and post-conceptional women and their new-borns. They found five
retrospective cohort studies and one case report regarding ICM in CT which reported on 525
neonates. Based on these five cohort studies, they estimated the overall proportion of
(transient) neonatal thyroid dysfunction after CT at 0.0% (95% Cl: 0.0-0.02% 1>°=0%).

Due to these limited data, other guidelines were also consulted:

Guidelines from the Contrast Media Safety Committee (CMSC) of the European Society of
Urogenital Radiology (ESUR) state that ICM may be given to the pregnant patient and that
neonatal thyroid function should be checked during the first week (ESUR, 2018).

The Manual on Contrast Media from the American College of Radiology (ACR) recommends
not withholding the use of ICM in pregnant or potentially pregnant patients when it is
needed for diagnostic purposes (ACR, 2022).

Guidelines on ICM of the Royal Australian and New Zealand College of Radiologists (RANZCR)
state that infants born to women who received ICM while pregnant should have testing for
neonatal hypothyroidism (RANZCR, 2021).
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Guidelines from The American College of Obstetricians and Gynaecologists (ACOG) state that
ICM should only be used if absolutely required to obtain additional diagnostic information
that will affect the care of the foetus or woman during the pregnancy (ACOG, 2017).

With gadolinium-based contrast agents (GBCA), animal studies have reported teratogenic
effects only when administered in high and repeated doses (Chen, 2008; Novak, 1993;
Okuda, 1999). Free gadolinium is toxic, and it is presumed that in high and repeated doses,
gadolinium dissociates from its chelation agent. In humans, it is uncertain what the exact risk
of gadolinium can be due to the unknown duration of exposure. When CM pass the
placenta, it enters the foetal circulation and amniotic fluid. There, it re-enters the circulation
due to swallowing of the amniotic fluid by the foetus. Therefore, the exact duration of foetal
exposure to gadolinium is not known. The longer it remains in the amniotic fluid, the higher
the risk of dissociation and exposure to free gadolinium.

No comparative studies were included with the use of GBCA. Two non-comparative studies
shown in table 2.1, reported no adverse outcomes with the use of GBCA (De Santis, 2007;
Spencer, 2000). In addition, Ray et al. (Ray 2016), performed a large retrospective study,
evaluating the long-term safety of MRI exposure in pregnancy. They identified all births after
20 weeks of gestation in Ontario, Canada, from 2003 to 2015. Women exposed during first
trimester of pregnancy to MRI and women exposed later in pregnancy were separately
analysed. These were compared to women that were not exposed to MRI and had also no
indication for MRI. For this reason, the study was excluded from the literature analysis.
Exposure to MRI during the first trimester of pregnancy (n=1.737), compared with non-
exposure (n=1.418.451), was not associated with increased risk of harm to the foetus.
Stillbirths and neonatal deaths occurred among 7/397 (2%) MRI-exposed with gadolinium vs.
9844/1.418.451 (1%) unexposed pregnancies (adjusted RR, 3.70; 95% Cl, 1.55 to 8.85) for an
adjusted risk difference of 47.5 per 1000 pregnancies (95% Cl, 9.7 to 138.2). They also found
a significantly increased risk of a broad set of rheumatological, inflammatory, or infiltrative
skin conditions. So far, this study is the only longitudinal cohort study with a significant
sample size. However, limitations of this study for assessing the risk of gadolinium-based
contrast agents are the unavailability of MRI indications of the exposed cohort, a bias
towards linear GBCA, a low follow-up rate, no trimester subset analysis, and the lack of a
comparable control group with indication for (non-contrast) MRI (Little, 2020; Lum, 2020).

In contrast, a very recent retrospective cohort study (published after our literature search)
compared 782 pregnancies that were exposed to MRI with GBCA to 5,209 pregnancies that
were exposed to MRI without GBCA out of a population of > 11 million Medicaid-covered
pregnancies. The primary endpoint was foetal/neonatal death, and the second endpoint was
the infant neonatal intensive care unit admission rate. In both groups the percentage of
foetal/neonatal death was 1,4%, with an adjusted relative risk of 0.73 (95% ClI 0.34-1.55).
The percentage of infants with a neonatal intensive care unit admission was 7.7% in the
GBCA and 8.8% in the non-GBCA group, with an adjusted relative risk of 1.03 (95% CI 0.76-
1.39). These results were considered reassuring for fatal and severe acute effects of GBCA
administration during pregnancy, but subacute effects were not studied (Winterstein, 2022).

We also consulted other guidelines for their recommendations concerning GBCA:
Guidelines from the CMSC of ESUR state when there is a strong indication for CE MRI, the
smallest possible dose of a macrocyclic GBCA may be given to a pregnant female (ESUR,
2018; Webb, 2005 and 2013).
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Guidelines from the Royal College of Radiology (RCR) state that GBCA should not be used
during pregnancy unless the clinical condition of the patient makes their use absolutely
necessary (RCR, 2019).

Guidelines from the ACR state that because it is unclear how GBCA will affect the foetus,
these agents should be used with caution to pregnant or potentially pregnant patients.
GBCA should only be used if their usage is considered critical and the potential benefits
justify the potential unknown risk to the foetus (ACR, 2022).

Guidelines from the ACOG state that the use of GBCA with MRI should be limited. It may be
used as a contrast agent in a pregnant woman only if it significantly improves diagnostic
performance and is expected to improve foetal or maternal outcome (ACOG, 2021).
Guidelines from the Canadian Association of Radiologists on MRI do not recommend GBCA
administration unless absolutely necessary (Jabehdar Maralani, 2022).

Based on our search and the advice from other guidelines, we made recommendations for
the use of ICM and GBCA separately. Regarding our second clinical question, no
recommendations could be made. None of studies regarding ICM made a distinction in
gestational age. For GBCA, only a few studies focussed on the first trimester or women who
did not know they were pregnant (Bird, 2019; De Santis, 2007). Their recommendations are
like the overall recommendations. The guidelines which are mentioned earlier, also do not
have recommendations for specific trimesters. The ACR has a separate document about
imaging in potentially pregnant patients, but this document does not address the use of CM.
Therefore, a recommendation about a specific trimester cannot be made and our
recommendations will be for pregnancy in general.

Recommendations

Our recommendation for the use of ICM is in line with the guidelines mentioned above. A
discussion of the theoretical potential risks and benefits of the use of ICM should take place
but a pregnant patient should not be denied a diagnostic test when it is needed. Because of
the heel prick screening test, extra testing of the thyroid is not necessary.

Do not withhold a pregnant patient from imaging with iodine-based contrast media when
medically indicated.

Although no adverse outcomes were reported in the two studies mentioned in table 2.1, our
recommendation regarding the use of GBCA is in line with other guidelines. The
recommendation is based on the study of Ray et al (2016) and the potential teratogenic risks
found in animal data.

Be cautious with gadolinium-based contrast agents due to potential risks to the foetus.
Only use contrast agents when the benefits clearly outweigh the possible risks.

Knowledge gaps

What is the safety profile of contrast media during pregnancy for mother and child (with
subgroups for different trimesters)? For clear ethical reasons, only preclinical data is
available.
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Chapter 3 Safe Use of Contrast Media during Lactation

Clinical question

What is the safety profile of contrast media (iodine-based contrast media or gadolinium-
based contrast agents) during the lactation period for mother and child?

Introduction

The same questions about the use of contrast media (CM) in pregnancy arise in the
puerperium, especially when breastfeeding. Questions arise from mothers, who are
administered CM, whether these substances are safe for the new-born during the lactation
period. This chapter is intended to provide recommendations regarding this topic.

Search and select

A systematic review of the literature was performed to answer the following question:
What are the effects of contrast media during the lactation period for mother and new-born
regarding safety?

P (Patients): Lactating women with indication for examination with contrast media.

I (Intervention): Contrast media administration.

C (Comparison): No contrast media administration or administration of a different
contrast medium.

O (Outcomes): Neonatal adverse effects: gastrointestinal effects, hypersensitivity

reactions, thyroid effects, maternal effects: percentage of contrast
medium in breast milk, transition into breast milk.

Relevant outcome measures

The guideline working group considered neonatal adverse effects (hypersensitivity reactions,
gastrointestinal effects, thyroid effects) of CM in breast milk as crucial outcome measures
for decision making; and maternal effects (the percentage of contrast medium in breast
milk) as an important outcome measure for decision making.

A priori, the working group did not define the outcome measures listed above but used the
definitions used in the studies.

The working group defined the presence of any neonatal adverse effect as a minimal
clinically (patient) important difference. Because of the severity of the outcome any

statistically significant difference was considered as a clinically important difference

between groups.

Search and select (Methods)

The databases Medline (via OVID) and Embase (via Embase.com) were searched with
relevant search terms from January 1%, 2000, until January 26", 2021. The detailed search
strategy is depicted under the tab Methods. The systematic literature search resulted in 507
hits.

Studies were selected based on the following criteria:
. Original clinical studies or systematic reviews of original clinical studies; both
randomized and observational studies were eligible.
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. Patient population consisted of patients who were breastfeeding.

° The safety profile of contrast media administration regarding neonates’ effects and
percentage of contrast medium in breast milk was compared between women who
received contrast media versus those who received no contrast media or a different
contrast medium.

Thirty-one studies were initially selected based on title and abstract screening. After reading
the full text, all studies were excluded (see Table of excluded studies in ‘Appendices to
modules’).

Results
No studies were included in the analysis of the literature, and therefore no systematic
literature analysis was performed.

Justifications — evidence to decision

Data from studies evaluating the safety of the use of contrast media (CM) in the lactation
period are very limited (B6hm, 2020). Our search did not find any studies regarding
lactation. Therefore, a recommendation based on findings of comparative studies cannot be
made. However, we can make a recommendation based on the pharmacokinetics of CM and
recommendations of other guidelines. Several reviews found in literature use
pharmacokinetics and the results of limited animal studies. Most of their recommendations
are also found in other guidelines (Cova, 2014; Lin, 2007; Puac, 2017; Tremblay, 2012; Wang,
2012).

When assessing the risk of CM in the lactation period, information of the excretion of these
CM into breast milk and the absorption from the gastrointestinal tract of the new-born is
needed. lodine-based contrast media (ICM) and gadolinium-based contrast agents (GBCA)
are water-soluble and therefore excreted in small amounts in breast milk, found in limited
animal studies (Bourrinet, 1995; Lorusso, 1994; Okazaki, 1996). Human studies have stated
the same, but numbers of patients are also very limited. These studies mention the
excretion and later absorption of CM by the newborn, which are also mentioned in the
guidelines from The American College of Radiology (ACR) and The American College of
Obstetricians and Gynecologists (ACOG). They state that for ICM less than 1% of the
administered maternal dose is excreted into breast milk in the first 24 hours. The absorption
from the gastrointestinal tract in the newborn is 1%, making the systemic dose less than
0,01%. For GBCA, 0,04% of the administered maternal dose is excreted into breast milk.
Combined with the 1% absorption, the systemic dose is less than 0,0004% (Kubik-Huch,
2007; Nielsen, 1987; Schmiedl|, 1990; Tremblay, 2012; Wang, 2012; Webb 2005). Due to the
small dose of CM in breast milk, these studies state that it is safe for both mother and
newborn to continue breastfeeding after receiving CM. The ACR also states that the decision
should be left up to the mother herself. If discontinuation of breastfeeding is wanted, 12-24
hours is enough (ACR, 2022).

The Contrast Media Safety Committee (CMSC) of the European Society of Urogenital
Radiology (ESUR) guideline states that breastfeeding may be continued normally with ICM
and GBCA (ESUR, 2018; Webb 2005 and 2013).

The guideline regarding GBCA of the Royal College of Radiology (RCR) states that, while no
special precaution or cessation of breastfeeding is required, the continuation or cessation of
breastfeeding for 24 hours should be at the discretion of the lactating mother in
consultation with the clinician (RCR, 2019).
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The guideline regarding ICM of the Royal Australian and New Zealand College of Radiologists
(RANZCR) states that cessation of breastfeeding or expression and discarding of breast milk
after ICM administration are not required (RANZCR, 2018).

The guideline on MRI in the obstetric patient of the Society of Obstetricians and
Gynaecologists of Canada states that it is safe to continue breastfeeding after receiving
GBCA (Patenaude, 2014).

Recommendations

Our recommendation is in line with other guidelines and the few available data. Due to the
limited amount of excretion of CM in breast milk, breastfeeding can be continued without
interruption when imaging with CM is needed. If women wish to discontinue, a
discontinuation of 24 hours should be enough.

Due to the limited amount of excretion into breast milk, the guideline development group
believes it is safe to continue breastfeeding after administration of contrast media.

If patients wish to discontinue breastfeeding (shared decision making), a discontinuation of
24 hours is sufficient.
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Chapter 4 Safe use of Contrast Media in Patients with Rare Diseases

Module 4.1 Safe Use of Contrast Media in Patients with Multiple Myeloma
Clinical question

Which prevention strategies are effective to prevent contrast-associated acute kidney injury
(CA-AKI) in patients with multiple myeloma?

Introduction

Multiple myeloma (MM) is a plasma cell neoplasm accounting for 1.0-1.8% of all cancers. It
represents the second most common haematological malignancy with an incidence in
Europe of 4.5-6.0/100,000/year (Dimopoulos, 2021; Sprangers, 2018). It has been suggested
that patients with multiple myeloma are more prone to develop contrast-associated acute
kidney injury (CA-AKI) (synonymous with post-contrast acute kidney injury (PC-AKI)) than
would be expected based on their renal function (LeBlanc, 2002). The question arises
whether multiple myeloma represents a risk factor for CA-AKI, necessitating additional
preventive measurements irrespective of the renal function.

Search and select

A systematic review of the literature was performed to answer the following question:
What is the risk of contrast-associated acute kidney injury (CA-AKI), existing kidney injury
after one month or the need for dialysis in multiple myeloma patients following
administration of contrast media compared to patients without multiple myeloma?

P (Patients): Patients with multiple myeloma.

I (Intervention): Administration of contrast media.

C (Comparison): Patients without multiple myeloma.

O (Outcomes): Contrast-associated acute kidney injury (CA-AKI), existing acute kidney

injury after 1 month, need for dialysis

Relevant outcome measures

The guideline development group considered existing kidney injury after 1 month and the
need for dialysis as critical outcome measures for decision making; and CA-AKI as important
outcome measures for decision making.

Search and select (Methods)

The databases Medline (via OVID) and Embase (via Embase.com) were searched with
relevant search terms until February 17%, 2021. The detailed search strategy is depicted
under the tab Methods. The systematic literature search resulted in 124 hits. Studies were
selected based on the following criteria: (1) patients with multiple myeloma (2) examination
with contrast media (3) comparison to patients without multiple myeloma (if possible) and
(4) one of the previously described outcomes. Fifteen studies were initially selected based
on title and abstract screening. After reading the full text, fifteen studies were excluded (see
Table of excluded studies in ‘Appendices to modules’) and no studies were included. One
systematic review by Stacul (2018) and one retrospective cohort study by Crowley (2018)
were found. These papers could not be included in the literature analysis because of the
limited quality of the included studies and the lack of a comparable control group without
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multiple myeloma or reference values. These two publications, however, will be described in
more detail in the justifications, as they represent the best available evidence.

Results
No studies were included in the literature analysis, and therefore, no systematic literature
analysis was performed.

Justifications — evidence to decision

The discussion whether multiple myeloma per se is an independent risk factor for contrast-
associated acute kidney injury (CA-AKI) goes back as far as the early 1990s (McCarthy, 1992;
Pahade, 2011). CA-AKI is synonymous with post-contrast acute kidney injury (PC-AKI) used in
part 1 and part 2 of this guideline, but CA-AKI is currently more frequently used than PC-AKI
for this condition.

Pros and cons of the intervention and quality of the evidence

The systematic review belonging to the ESUR guideline (Stacul, 2018) and the retrospective
cohort study by Crowley (2018) were excluded from the literature analysis because of
limited study quality and the lack of a control group without multiple myeloma. Results will
be discussed descriptively.

The systematic review for the ESUR guideline (Stacul, 2018) reported on CA-AKI in patients
with multiple myeloma and monoclonal gammopathies. CA-AKI was defined as cases in
which kidney injury could not be explained by other causes than contrast medium
administration. Twelve cohort studies and one case control study were included, the
majority uncontrolled and of limited quality (Newcastle-Ottawa scores of 5-6 out of a scale
until 9). Reference values of a control group without multiple myeloma were not reported.
High osmolality contrast media were used in eleven studies, whereas low osmolality contrast
media were used in the remaining two studies. Many important variables were not reported
such as the multiple myeloma description (subtype, stage, disease load), baseline serum
creatinine and calcium concentration, or number of examinations per patient. In addition,
existing kidney injury after one month and the need for dialysis were not reported. A total of
642 patients and 824 iodine-based CM administrations were studied.

Crowley et al. (Crowley, 2018) reported on CA-AKI in patients with multiple myeloma. The
study was retrospective and carried out in a university hospital in Ireland using a medical
record database to retrieve information. CA-AKI was defined as a > 25% increase or a rise of
more than 44.2 mmol/L (0.5 mg/dL) in serum creatinine level above baseline level after
receiving IV contrast material within three days of administration of contrast media. In
contrast to the ESUR guideline (Stacul, 2018), characteristics of the multiple myeloma
patients (demographics, subtype, stage, disease load), baseline serum creatinine and
calcium concentration were described. The study was uncontrolled and of limited study
quality. The type of contrast medium used was not described, patients on dialysis were
excluded, and information on infection, hydration status or use of nephrotoxic drugs was
not available. The study, however, did report on existing kidney failure after one month. In
total 94 patients with multiple myeloma, including 165 procedures with contrast media,
were available for analysis.

The incidence of CA-AKI will be described separately because of the different definitions of
CA-AKI, different inclusion criteria and the inclusion of monoclonal gammopathies patients
besides multiple myeloma patients (Stacul, 2018).
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CA-AKI

The reported CA-AKI case incidence in the ESUR guideline (Stacul, 2018) was 12/824
procedures (1.6%) among 642 patients with multiple myeloma or monoclonal
gammopathies. The two studies using low osmolality contrast media comprised 210 CT
examinations in 76 patients, in whom CA-AKI was observed in 4/210 cases (1.9%).

The reported CA-AKI incidence by Crowley (2018) was 17/165 procedures (10%) among 94
patients with multiple myeloma. The severity of the CA-AKI was not described. The 94
patients received on average two procedures with iodinated contrast (2.1+1.5). In 47% of
procedures (77 procedures) baseline creatinine was elevated and 4% of procedures (6
procedures) had elevated baseline calcium. In the whole group, there was no significant
difference between the serum creatinine concentration before and after the contrast-
enhanced procedure (p=0.08).

Existing acute kidney injury after 1 month

The cohort study by Crowley (2018) reported 10/17 CA-AKI cases (59%) demonstrated a
normalised serum creatinine within one month of the procedure. This means that kidney
function was not restored to normal in 7/17 (41%) of cases. However, the severity of renal
function loss was not quantified. Moreover, it is not clear to which extent these 7 cases
represented the same individuals who showed an elevated serum creatinine at baseline.

From evidence to decision

About 50% of patients with multiple myeloma may develop acute or chronic renal failure in
the course of the disease. Major causes of renal failure are light chain cast nephropathy and
hypercalcemia. Other causes of renal failure in multiple myeloma are e.g., amyloidosis,
nephrotoxic drugs, or hyperuricemia. The literature does not provide clear evidence that
multiple myeloma per se predisposes to a higher risk for development of CA-AKI
independent of the renal function. The available literature is, however, of limited quality. In
general, administration of contrast media in patients with multiple myeloma seems to be
safe. In view of the enhanced overall risk for renal failure, however, an alternative imaging
technique that does not require iodine-containing CM should always be considered. When
administration of iodine-containing CM is deemed necessary, special attention in these
patients is required to provide optimal nephrology care as outlined in Safe Use of Contrast
Media part 1. In particular, to avoid dehydration and nephrotoxic stimuli and medications,
and to provide intravenous prehydration in patients with eGFR <30 ml/min/1.73m?2.

In selected patients with additional risk factors such as light chain cast nephropathy,
hypercalcemia, or amyloidosis, close consultation between the haematologist and the
imaging physician is recommended to assess the benefit-risk ratio of ICM administration and
whether preventive measures or an alternative imaging technique are warranted.

Evidence from other contrast media is very scarce. In line with iodine-based contrast media,
the use of gadolinium-based contrast agents does not seem to negatively affect renal
function in myeloma patients (Hillengass, 2015).

Costs

Although keeping a low threshold for application of volume expansion protocols may seem a
safe strategy of prevention of CA-AKI, such protocols present a logistic and financial burden
to the hospital system (Kooiman, 2013). Particularly the longer pre- and post-hydration
schedules will require admission of patients that could otherwise have their CT performed in
an outpatient setting. To admit all patients at increased risk for AKI in day-hospital wards for
intravenous volume expansion is expensive, and the volume expansion itself may lead to
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complications as well. Cost arguments differ for in-hospital patients if it does not lead to an
extended hospital stay.

Recommendations
In general, administration of contrast media in patients with multiple myeloma seems to be

safe. These patients, however, have an enhanced overall risk for renal failure as a result of
several concomitant risk factors that might be present.

Always consider the general principles of prevention of acute kidney injury that were

outlined in Safe Use of Contrast Media, Part 1:

e Optimal nephrology care should be the primary goal in all chronic kidney disease
patients, with attention to hydration status and medication use.

e Aim for clinical euvolemia, using normal saline or Ringer’s lactate, before administration
of intravascular iodine-based contrast media, regardless of eGFR.

e Consider patients with an eGFR <30 ml/min/1.73m? at risk for CA-AKI.

e Consult a nephrologist/internist for patients with an eGFR <30 ml/min/1.73m?.

Determine in each patient with multiple myeloma whether administration of iodine-based
contrast media is indicated or if an alternative imaging technique is possible.

e Apply the same precautions to prevent contrast-associated acute kidney injury (CA-
AKI) in patients with multiple myeloma as in subjects without this disease, if there are
no additional risk factors associated with multiple myeloma for development of acute
renal insufficiency.

e For (euvolemic) patients with an eGFR <30 ml/min/1,73m? undergoing intravascular
administration of iodine-based contrast media prehydrate with 3ml/kg/h NaHCO3
1.4% for 1h (or a total of 250ml) pre-CM administration.

In a minority of patients with multiple myeloma, several precipitating factors for acute kidney
insufficiency might be present, necessitating consultation between the imaging physician and
the treating haematologist.

In selected patients with additional risk factors associated with multiple myeloma for
development of acute renal insufficiency (e.g., hypercalcemia, light chain cast
nephropathy, amyloidosis), close consultation between the haematologist and imaging
physician is needed to ensure an optimal risk-benefit balance, including whether
administration of contrast media is warranted and if preventive measures are needed.

Knowledge gaps
There is no convincing evidence that administration of contrast media to patients with
multiple myeloma confers an additional risk for CA-AKl irrespective of renal function.
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Prospective and well-controlled data in patients with various stages of multiple myeloma are
needed to further explore this clinically relevant question.
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Module 4.2 Safe Use of Contrast Media in Patients with Pheochromocytoma and
Paragangliomas

Clinical question

What safety strategy should be used for contrast media administration in patients with
pheochromocytoma or paraganglioma (PPGL)?

This clinical question includes the following underlying question:
How should intra-arterial and intravenous contrast administration be applied in patients
with pheochromocytoma or paraganglioma?

Introduction

It has been suggested in the past that intravascular administration of contrast media in PPGL
patients may provoke a hypertensive crisis (Eisenhofer, 2007). This raises the question
whether treatment with ai-adrenergic receptor blockers prior to administration of
radiocontrast agents is required to prevent such a crisis.

Search and select

A systematic review of the literature was performed to answer the following question:
Which strategies are effective in preventing a hypertensive crisis in patients with
pheochromocytoma?

P (Patients): Patients with pheochromocytoma or sympathetic paraganglioma and
an indication for examination with contrast media.

I (Intervention): Contrast administration with a-blockers, B-blockers, calcium channel
blockers.

C (Comparison): Contrast administration without additional preventive strategy.

O (Outcomes): Cardiovascular complications, hypertensive crisis.

Relevant outcome measures

The guideline development group considered cardiovascular complications as a critical
outcome measure for decision making; and hypertensive crisis as an important outcome
measure for decision making.

A priori, the working group did not define the outcome measures listed above but used the
definitions used in the studies.

Search and select (Methods)

The databases Medline (via OVID) and Embase (via Embase.com) were searched with
relevant search terms until 22-2-2021. The detailed search strategy is depicted under the tab
Methods. The systematic literature search resulted in 125 hits. Studies were selected based
on the following criteria five studies were initially selected based on title and abstract
screening. After reading the full text, five studies were excluded (see Table of excluded
studies in ‘Appendices to modules’), and no studies were included.

Results
No studies were included in the analysis of the literature, and therefore, no systematic
literature analysis was performed.
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Justifications — evidence to decision

Pheochromocytomas and paragangliomas (PPGL) are rare neuroendocrine tumours derived
from chromaffin tissue of the adrenal medulla and the extra-adrenal sympathetic
paraganglia in the thorax and abdomen, respectively (N6lting, 2022). The annual incidence
of PPGL in The Netherlands is approximately 100 new cases, with about 80 cases presenting
as a pheochromocytoma (Berends, 2018). PPGL have the capacity to produce and release
excessive amounts of catecholamines into the circulation. Uncontrolled release of
catecholamines can be provoked by several mechanical and pharmacological stimuli (e.g.,
intubation, tumour manipulation, various drugs), which may result in acute blood pressure
elevation, tachyarrhythmias and life-threatening cardiovascular events (so-called
pheochromocytoma crisis). To prevent these complications, pre-treatment with
antihypertensive agents is usually started prior to surgery. Administration of a.-adrenergic
receptor blockers is recommended as treatment of first choice. Tachycardia is treated with
[-adrenergic receptor blockers but should only be given to a patient who is already receiving
an a-adrenergic receptor blocker for several days. Neglect of this basic treatment principle
may result in a pheochromocytoma crisis with serious cardiovascular complications due to
unopposed stimulation of a-adrenergic receptors with ensuing severe peripheral
vasoconstriction (Sibal, 2006).

There is only one small non-randomised prospective study (n=22) comparing the effect of
treatment with adrenoreceptor blocking agents prior to intravenous administration of low-
osmolar CT contrast in patients with a PPGL. In this study, 11 patients received pre-
treatment with an a- and/or B-adrenergic receptor blocker, whereas 11 patients did not
receive this premedication (Baid, 2009). Adverse events were not observed in any of these
patients. In addition, plasma catecholamine levels within and between groups were not
significantly different before and after intravenous administration of contrast medium. The
absence of a change in plasma catecholamine levels after intravenous administration of
nonionic contrast media in patients with PPGL was also demonstrated in a previous study
(Mukherjee, 1997). Moreover, no adverse events were recorded in a retrospective study of
25 patients with PPGL receiving nonionic IV iodine-based contrast media without
premedication (Bessell-Browne, 2007).

Based on these observations, intravenous administration of low-osmolar CT contrast is safe
in patients with a PPGL without the need of prophylactic treatment with an a- or -
adrenergic receptor blocker.

Patient series on intra-arterial administration of CT contrast are not available. A survey
among six centres of expertise (i.e., five centres in the Netherlands plus the National
Institute of Health, Bethesda, USA) demonstrated that five out of six centres would not start
prophylactic treatment with an a- or B-adrenergic receptor blocker in case of intra-arterial
administration of CT contrast (personal communication).

There are no data on safety issues when using gadolinium-based or ultrasound contrast
agents in PPGL patients.

Recommendations
There are no randomised studies evaluating the efficacy of prophylactic treatment in case of

intravenous administration of radiocontrast medium in patients with PPGL. Limited data do
not suggest that administration of radiocontrast medium provokes an uncontrolled release
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of catecholamines into the circulation or is associated with adverse events in patients with
PPGL. We therefore consider intravenous administration of low-osmolar CT contrast to be
safe in patients with a PPGL without the need of prophylactic treatment with an o- or >
adrenergic receptor blocker.

Prophylactic treatment with an a-adrenergic receptor blocker (+ B-adrenergic receptor
blocker) is not indicated before intravenous administration of iodine-based contrast
media in patients with pheochromocytoma or paraganglioma.

There are no randomised studies or case series evaluating the efficacy of prophylactic
treatment in case of intra-arterial administration of radiocontrast medium in patients with
PPGL. This suggests that this route of administration is safe, which is also in agreement with
the outcome of our brief survey among several centres of expertise. We therefore consider
intra-arterial administration of low-osmolar CT contrast to be safe in patients with a PPGL
without the need of prophylactic treatment with an a- or -adrenergic receptor blocker.

Prophylactic treatment with an a-adrenergic receptor blocker (+ B-adrenergic receptor
blocker) is not indicated before intra-arterial administration of iodine-based contrast
media in patients with pheochromocytoma or paraganglioma.

There are no data on safety issues when using gadolinium-based or ultrasound contrast
agents for imaging in PPGL patients.

Gadolinium-based contrast agents and ultrasound contrast agents may be safely used in
patients with pheochromocytoma or paraganglioma.
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Module 4.3 Safe Use of Contrast Media in Patients with Myasthenia Gravis
Clinical question
What is role of contrast media in patients with exacerbations of myasthenia gravis after

contrast media administration?

Introduction
It is unclear whether contrast media can cause exacerbation of myasthenia gravis (MG)
symptomatology for which MG patients should be warned or premedicated.

Search and select
A systematic review of the literature was performed to answer the following question:

P (Patients): Patients with myasthenia gravis and an indication for examination with
contrast media.

I (Intervention): Contrast medium administration with or without preventive strategy
(prednisolone, acetylcholine-reuptake inhibitors).

C (Comparison): No contrast medium administration, different contrast medium
administration; contrast medium administration without preventive
strategy.

O (Outcomes): Neurological exacerbations of myasthenia.

Relevant outcome measures

The guideline development group considered neurological exacerbations of myasthenia as a
critical outcome measure for decision making.

A priori, the working group did not define the outcome measures listed above but used the
definitions used in the studies.

Search and select (Methods)

The databases Medline (via OVID) and Embase (via Embase.com) were searched with
relevant search terms from January 1%, 2000, until March 4™, 2021. The detailed search
strategy is depicted under the tab Methods. The systematic literature search resulted in 84
hits. Studies were selected based on the following criteria: (1) patients with myasthenia
gravis (2) indication for examination with contrast media (3) comparison to patients with no
contrast medium administration, different contrast medium administration or contrast
medium administration without preventive strategy and (4) the previously described
outcome. Eleven studies were initially selected based on title and abstract screening. After
reading the full text, nine studies were excluded (see Table of excluded studies in
‘Appendices to modules’), and two studies were included. One study, mentioned in the
justifications, was not included in our literature analysis (Mehrizi,2014). It did not meet our
PICO criteria and was excluded because of the wrong population, including children, and the
absence of a comparison group.

Results

Two studies (Rath, 2017; Somashekar, 2013) were included in the analysis of the literature.
Important study characteristics and results are summarized in the evidence tables. The
assessment of the risk of bias is summarized in the risk of bias tables.
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Summary of literature
Description of studies

Rath, et al. (2017) performed a retrospective cohort study, where the rate of acute adverse
events as well as delayed clinical worsening up to 30 days was analysed. In 73 patients with
confirmed MG who underwent contrast-enhanced CT studies with the administration of low
osmolality iodinated contrast agents (ICAs) and compared to 52 patients who underwent
unenhanced CT studies. Limitations of this study were (1) selection bias for the enhanced
and unenhanced CT scans (2) the relatively low patient numbers (3) the retrospective nature
of the investigation which entails the possibility that some adverse events might have been
missed in some patients as they had to rely on electronic medical records. To minimize this
effect, investigators only included patients with a sufficient clinical information available.
Finally, the exact characteristics of the used contrast agents could not be extracted
retrospectively from the available data in all patients; therefore, they could not compare the
potential side effects of different ICAs with each other.

In a retrospective cohort study by Somashekar, et al. (2013), a computed tomography (CT)
was performed in 267 paediatric and adult patients with clinically confirmed MG between
January 1, 1995, and December 31, 2011. CT was performed without intravenous
administration of contrast material in 155 patients and with intravenous administration of
low-osmolality contrast material in 112 patients. Electronic medical records were searched
to identify myasthenia gravis—related symptoms (i.e., bulbar, ocular, respiratory, or
extremity weakness) before (<14 days) and after (<45 days) each CT examination. All
contrast-enhanced CT examinations were performed with one of a variety of low-osmolality
contrast media. A variety of baseline characteristics and risk factors were collected for each
patient, with attention to (a) the disease status of the patient’s myasthenia gravis
immediately before CT (i.e. stable, worsening, or improving), (b) history of thymectomy, and
(c) acute or chronic cardiac and/ or pulmonary and/or neuromuscular disease not related to
myasthenia gravis. Limitations of this study were (1) retrospective nature of the study (2)
selection bias between the control group and the experimental group, (3) some adverse
events may not have been captured and (4) unable to determine the volume or type of
contrast material administered in a large fraction of patients owing to incomplete
documentation.

Results

Rath, et al. (2017) found that 9 of 73 patients (12.3%) experienced a delayed worsening of
myasthenic symptoms, i.e., they reached the primary endpoint of progressing by at least one
grade in the MGFA classification within 30 days. The medical files of all 9 patients were
reviewed and it was concluded that in none of these 9 patients the exacerbation was
causally related to the contrast medium. The rate was higher in comparison with the control
group of patients receiving CT scans without ICM (3.8%), but the difference did not reach
statistical significance. In a subgroup analysis, six of these nine patients (8.2% of all patients)
developed a severe deterioration, i.e., a myasthenic crisis, or died in comparison with none
in the control group. The mean time to worsening within 30 days did not differ significantly
between the two study groups and was 11.1 days for patients with contrast-enhanced CT
studies and 13 days in the control group.

Somashekar, et al. (2013) demonstrated that intravenous administration of a low osmolality
iodine-based contrast medium (ICM) is associated with a significant increase in the
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frequency of disease-related symptoms within 1 day of administration (P=0.01) compared to
no intravenous administration of contrast media. The exacerbation frequency is 5.7% above
the baseline rate observed in unenhanced CT control group (6.3%- 0.6%). This implies that
intravenous low-osmolality ICM is associated with a 5%—6% frequency of acute symptom
exacerbation in patients with myasthenia gravis. No difference in symptom frequency at 2—7
days or 845 days after CT were detected, indicating that the association between
intravenous low-osmolality ICM and symptom progression is a relatively acute association.
The contrast-enhanced CT group was associated with a significant reduction in time to
disease-related symptom progression following CT (median time to onset of symptom
progression, 2.5 days with contrast-enhanced CT vs 14.0 days with unenhanced CT; P=0.05).
Acute exacerbations were primarily respiratory (five patients with new-onset dyspnoea: four
in contrast-enhanced CT group and one in unenhanced CT group, two patients with
progressive dyspnoea: both in the contrast-enhanced CT group), and one patient with
progressive weakness: in contrast-enhanced CT group.

Summary of study’s conclusions

Rath, et al. (2017) concluded that ICM administration for CT studies in MG patients should
not be withheld if indicated, but patients particularly those with concomitant acute diseases
should be carefully monitored for exacerbation of symptoms.

Somashekar, et al. (2013) concluded that intravenous administration of low-osmolality
contrast media is significantly associated with exacerbation of myasthenia gravis—related
symptoms. Exacerbations most commonly manifest as new or progressive acute respiratory
compromise. Yet, review of the medical files showed no causative effect of the contrast
medium.

Level of evidence of the literature

The level of evidence regarding the outcome measure neurological exacerbations of
myasthenia started on a low GRADE due to the observational nature of the included studies
and was downgraded by one level to a very low GRADE because of number of included
patients.

Conclusions
The evidence is very uncertain about the effect of contrast media on
Very low exacerbations in patients with myasthenia gravis.
GRADE
Sources: Rath, 2017, Somashekar, 2013
No literature was found regarding the risk of neurological exacerbations of
myasthenia in MG patients with using contrast medium in comparison to MG
No GRADE . o . . ) .
patients with different contrast medium administration or contrast medium
administration without preventive strategy.
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Justifications — evidence to decision

Mebhrizi, et al. (2014) found that in 81 CTs with contrast and in 23 MRIs with contrast no
presence or absence of ADRs was reported. The study was not included in the systematic
literature analysis because of severe methodological limitations. There were no cases of
increasing myasthenic weakness. No immediate increased risk was noted about gadolinium-
based contrast agents with regards to worsening myasthenic symptoms. There is no
immediately increased risk for exacerbation of myasthenic weakness with the use of modern
low-osmolar ICM. No weakness was reported in patients who received IV GBCA. The authors
concluded that there is no immediately increased risk for exacerbation of myasthenic
weakness with the use of modern low-osmolar radiologic contrast agents.

All three studies had significant methodological limitations. There seems to be only a very
minimal risk of a myasthenic crisis following the administration of iodine-based contrast

media. This does not justify withholding ICM for diagnostic studies.

There is no data on any risk after administration of other contrast media, such as
gadolinium-based or ultrasound contrast agents.

Recommendations

Do not withhold contrast media to patients with myasthenia gravis, as the risk of a
contrast media-induced myasthenic exacerbation is very low.

Knowledge gaps
What is the exact role of contrast media in exacerbations of myasthenia gravis (MG)?
What are effective prevention strategies for MG exacerbations?
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Module 4.4 Safe Use of Contrast Media in Patients with Systemic Mastocytosis
Clinical question

Which strategies are effective in preventing hypersensitivity reactions and anaphylactic shock
in patients with systemic mastocytosis after contrast media administration?

Introduction
It is unclear whether iodinated contrast media can cause hypersensitivity reactions in
patients with systemic mastocytosis and whether prevention strategies should be employed.

Search and select

A systematic review of the literature was performed to answer the following question: what
is the efficacy of a preventive strategy with prednisone and/or antihistamines next to
contrast administration compared to contrast administration without additional preventive
strategy on the risk of developing anaphylactic shock, (drug) hypersensitivity reaction,
anaphylactic allergic reaction in patients with systemic mastocytosis?

P (Patients): Patients with systemic mastocytosis and indication for examination with
iodine-based contrast media.

I (Intervention): Contrast media administration with prednisone and/or antihistamine
premedication.

C (Comparison): Contrast media administration without additional premedication or
other preventive strategies.

O (Outcomes): Anaphylactic shock, (drug) hypersensitivity reaction, anaphylaxis, allergic
reaction.

Relevant outcome measures

The guideline development group considered anaphylactic shock and anaphylaxis as critical
outcome measures for decision making; and (drug) hypersensitivity reaction and allergic
reaction as an important outcome measure for decision making. A priori, the working group
did not define the outcome measures listed above but used the definitions used in the
studies.

Search and select (Methods)

The databases Medline (via OVID) and Embase (via Embase.com) were searched with
relevant search terms until March 5", 2021. The detailed search strategy is depicted under
the tab Methods. The systematic literature search resulted in twenty-one hits. Studies were
selected based on the following criteria: (1) patients with systemic mastocytosis and an
indication for examination with iodinated contrast media (2) comparing the adverse effects
of contrast administration with prednisone and/or antihistamines administration with
contrast administration without additional preventive strategy and (3) investigating one of
the previously described outcomes. Five studies were initially selected based on title and
abstract screening. After reading the full text, no studies could be included.

Summary of literature
No studies could be included in the literature analysis. Therefore, no systematic literature
analysis could be performed.
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Justifications — evidence to decision

Pros and cons of the intervention and quality of the evidence

Clonal mast cell disorders are characterized by the uncontrolled expansion and accumulation
of mast cells in one or multiple organs. The term cutaneous mastocytosis is reserved for
patients with aberrant mast cell infiltration limited to the skin. Involvement of bone marrow
with or without other affected organs (including skin, gastrointestinal tract) leads to the
diagnosis of systemic mastocytosis (SM). Mast cells are proinflammatory innate immune
cells that can be activated by various stimuli, including allergens, microbes, viruses, and
toxins. Upon activation, mast cells degranulate and thereby release various proinflammatory
substances and lipid mediators, including tryptase and histamine. These mast cell-derived
mediators lead to allergic symptoms and, in case of severe mast cell degranulation, may
induce anaphylactic shock. Since patients with mastocytosis have increased numbers of mast
cells and the activation threshold for these mast cells is lower due to mutations in their
constitutively expressed KIT receptor, patients with systemic mastocytosis are at increased
risk of anaphylaxis.

Besides the previously mentioned stimuli, there are several drugs and substances with an
(theoretically) increased risk for mast cell degranulation. Potential elicitors are NSAIDs,
general anaesthesia, and iodine-based contrast media (ICM); gadolinium-based contrast
agents (GBCA) do not impose an increased (theoretical) risk. Hence, they were avoided as
much as possible in systemic mastocytosis, although this practice is gradually changing. If
given, these drugs and substances are administered cautiously and mostly with concomitant
use of anti-allergic premedication, consisting of antihistamines and corticosteroids.
However, since the actual clinical risk has seldom been studied systematically under real
world conditions due to practical and ethical concerns, it is to date unclear how often and
relevant drug-induced mast cell degranulation are for this patient category. Moreover,
recent studies suggested that the risk of drug-induced anaphylaxis has been overestimated.
For example, a double-blind placebo-controlled challenge with acetylsalicylic acid in patients
with mastocytosis (n=50) elicited a mild hypersensitivity reaction in only one subject
(Hermans, 2018).

One narrative review reported on the management of invasive procedures in mastocytosis
including administration of contrast media (Hermans, 2017). The review did not represent a
systematic literature search and did not describe the search methodology and could
therefore not be included in the literature analysis. However, Hermans (2017) provided an
overview of the risk of adverse reactions including anaphylaxis in patients with mastocytosis
after contrast media administration. In addition, the review reported on premedication.

Hermans (2017) reported on four cohort studies among 457 adults with systemic
mastocytosis who received contrast media (Brockow, 2008; Gonzalez de Olano, 2007; Giilen,
2016; Hermans, 2016). Serious radiocontrast-related hypersensitivity was reported in 3/457
patients (0.65%), including development of anaphylaxis in one patient (0.22%) (Hermans,
2017). The number of cases in which premedication was used was not described. The
number of serious adverse reactions in the general population to intravenous contrast
administration was reported 0.5 to 3% for mild immediate reactions and 0.01 to 0.04% for
serious adverse events (Andreucci, 2014; Thong, 2011). Hermans (2017) concludes there is
no rationale for avoidance of contrast media in patients with mastocytosis, although some
patients can be at increased risk for developing anaphylaxis. This applies particularly to
patients with previous mast cell mediator-related symptoms during procedure, previous
history of anaphylaxis (regardless of trigger), atopic background, use of 3-blockers, ACE
inhibitors or NSAIDs or severe mastocyte infiltration of the skin. Not only drugs, but also
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physical stimuli (temperature change, exercise, strong odours, pressure, friction) and
emotional stress could potentially evoke non-IgE-mediated mechanisms that might cause
mast cell degranulation. It is recommended to consider a patient-tailored risk assessment to
assess which patients are indicated for premedication (Hermans, 2017).

A similar systematic literature search on the safety of contrast media was conducted in the
soon to be published Dutch FMS guideline on mastocytosis 2022, which also did not yield
any comparative studies on this subject. In that guideline it is cautiously suggested that
iodinated contrast media can be safely applied in the majority of mastocytosis patients
(Quality of evidence N/A; Hermans 2017). As a result, it is recommended to develop a
personalized management plan for each mastocytosis patient after the diagnosis is made
(FMS richtlijn Mastocytose, 2022).

Finally, Schwaab, et al. (2022) recently reported a retrospective analysis of 162 patients with
indolent or advanced mastocytosis. Four of them (2.5%) reported a previous hypersensitivity
reaction to iodinated contrast media. Hundred forty-eight (91%) of those patients
underwent additional imaging, including 80 CT in 56 patients and 252 MRI in 127 patients. In
35 (24%) patients both types of scans were performed. Imaging without application of
contrast media was obtained in 14 (9%) patients (CT, n=7; MRI, n=17). Daily anti-mediator
therapy, including H1/H2 antihistamines and/or low dose prednisolone was continued.
Additional prophylactic premedication (H1- and H2 antihistamine and 50mg
methylprednisolone 30-60 minutes prior to the scan) was applied prior to 6 scans; 326/332
(98%) of the scans were performed without additional premedication. No contrast-mediated
hypersensitivity reactions occurred. The authors conclude that in the absence of a previous
contrast mediated hypersensitivity reaction, use of premedication prior to contrast
enhanced imaging may be dispensable.

Systemic mastocytosis patients represent a heterogeneous group of patients and as a result,
values and preferences of both patients and physicians may vary widely. Whether or not to
use premedication may cause anxiety or medicalization depending on the patient’s
perspective.

For patients that have been diagnosed with systemic mastocytosis for a long time and have
had uneventful iodinated contrast media administration under premedication (without
premedication-related side effects), the adaptation of this protocol may cause unwarranted
anxiety. In contrast, a newly diagnosed mastocytosis patient with no history of anaphylaxis
may experience premedication as unnecessary medicalization, particularly if the patient has
experienced side effects with these drugs in the past.

Costs

The direct costs of applying anti-allergic premedication with prednisolone and/or
antihistamines are negligible, as the price of these drugs is very low. Therefore, one should
consider the potential indirect costs of additional logistic procedures, as well as the potential
adverse effects. These are low for antihistamines (mostly drowsiness) but occur for
prednisolone, particularly in weakened patients and upon repetitive exposure. Side effects
include:

. risk of glucose dysregulation, particularly in patients with diabetes

. risk of osteoporosis, particularly upon repetitive exposure

. risk of immune suppression, particularly upon repetitive exposure

. risk of temporary cognitive effects such as delirium, particularly in weakened patients.

In severe cases, these side-effects may lead to hospitalization.
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On the other hand, omitting premedication may potentially increase the risk of anaphylaxis,
which will probably result in hospitalization with the associated costs.

Therefore, premedication should be recommended in high-risk patients, i.e., patients with
previous mast cell mediator-related symptoms during medical procedures, history of
anaphylaxis (regardless of trigger), atopic background, use of -blockers, ACE inhibitors or
NSAIDs or severe mastocyte infiltration of the skin,

Acceptability, feasibility, and implementation

Based on the abovementioned arguments, it is not feasible to make one standard
recommendation for the entire group of systemic mastocytosis patients. Recommending
premedication in all patients is not indicated as it would lead to unnecessary anxiety,
medicalization, side effects and associated costs in a selection of patients. Complete
discourage of premedication however may lead to increased risk of anaphylaxis in a
selection of patients. The treating physician should perform this risk assessment.

Recommendations

It is important not to withhold iodinated contrast media from patients with systemic
mastocytosis in case administration is necessary for optimal imaging. Despite the probably
slightly increased risk of anaphylaxis (0.22% in mastocytosis versus the reported 0.01 to
0.04% for serious adverse events in the general population), the benefits of the imaging
procedure should outweigh this small risk.

Do not withhold iodine-based contrast media or gadolinium-based contrast agents in
patients with systemic mastocytosis.

Since there is no convincing evidence that use of anti-allergic premedication is beneficial for
systemic mastocytosis patients prior to iodinated contrast administration, there is in general
no need to apply this. However, systemic mastocytosis remains a heterogeneous disease with
varying clinical symptoms and patients may suffer from comorbidities that should be
considered. As a result, it is recommended that their treating physician with knowledge of
both the disease and this specific patient should assess whether premedication should be
employed. Patient with previous anaphylaxis, extensive skin involvement, use of f3-blockers,
ACE inhibitors or NSAIDs may be at increased risk of developing anaphylaxis and additional
premedication could be considered. Many mastocytosis patients already use H1-
antihistamines (up to 4x the recommended daily dose) as part of their reqular medication
and these drugs should be continued.

Preferably, the decision is shared by the patient and the physician and made timely before
the patient needs iodine-based contrast media. The recommendation should be clearly
reported in the electronic patient records.

Comparable to other patient populations, it is possible that systemic mastocytosis patients
develop an IgE-mediated allergy for a specific type of contrast. Therefore, in case a
hypersensitivity reaction occurs, patients should be referred to a drug allergy specialist for
further analysis.

Recommendation for administration of contrast media in patients with systemic
mastocytosis:
. Continue maintenance anti- allergic medication (e.g., H1-/H2-antihistamines)
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° Be vigilant to react to a possible hypersensitivity reaction
° Observe the patient 2 30 min with IV in place
° In case of an allergic reaction, refer to a drug allergy specialist
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Chapter 5 Safe Time Intervals between Contrast-Enhanced Studies

Module 5 Multiple Examinations with Contrast Media in Patients with Normal or
Reduced Renal Function

Clinical question

What is a safe time interval in patients with normal and reduced renal function between two
radiological examinations with contrast media?

What is a safe time interval in patients with reduced renal function between:

1 Two radiological examinations using enhanced imaging with iodine-based contrast
media?

2 Two radiological examinations using enhanced imaging with gadolinium-based
contrast agents?

3 Two radiological examinations using enhanced imaging with an iodine-based

contrast medium and a gadolinium-based contrast agent?

This question contains the following subgroups:

° Elective CT/Angiography/MRI in patients with normal renal function (eGFR >60
ml/min/1.73m?)

° Elective CT/Angiography/MRI in patients with moderately reduced renal function
(eGFR 30-60 ml/min/1.73m?)

. Elective CT/Angiography/MRI in patients with severely reduced renal function (eGFR <
30 ml/min/1.73m?)

. CT/Angiography/MRI in emergency or life-threatening situations

Introduction

The pharmacokinetics of contrast media (CM) will dictate how waiting times between CT or
MRI examinations should be scheduled. There are few dedicated studies about the optimal
time between successive doses of CM in repeated contrast-enhanced studies (Kwon, 2021)
or when contrast-enhanced CT or (coronary) angiography and contrast-enhanced MRI
studies are done in succession.

Search and select
For this chapter it was decided not to perform a systematic literature analysis, and therefore
no search question with PICO was formulated.

Search and select (Methods)

The guideline authors decided to perform an explorative search. The explorative search was
performed in the databases Medline (via OVID) and Embase (via Embase.com) were
searched with relevant search terms until April 13'", 2021. The detailed search strategy is
depicted under the tab Methods. The systematic literature search resulted in 441 hits.
Studies were selected based on the following criteria: any contrast medium (IBM, GBCA or
other), study reported on pharmacokinetics or biodistribution parameters, and any study
design (clinical, preclinical, in vitro etc.). The authors also added pharmacokinetics studies
from their own database and articles found through cross-referencing.

No systematic literature analysis was performed. Instead, the authors made an overview of
all available literature. A narrative literature analysis can be found below.
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Results
Systematic literature analysis
For this chapter it was decided not to perform a systematic literature analysis.

Narrative literature analysis

Results will be discussed separately for the previously described subgroups:
1. Pharmacokinetics and Elimination of lodine-based CM

2. Pharmacokinetics and Elimination of Gadolinium-based CM

3. Combined CT and MRI Examinations with ICM and GBCA

1. Pharmacokinetics and Elimination of lodine-based CM

Most studies on iodine-based CM (ICM) have employed an open, 2-compartiment model for
pharmacokinetic analyses. The first compartment is the plasma in which the molecules are
being diluted and the second compartment is the extravascular extracellular space of the
tissues where there is an effective capillary permeability, i.e., outside the brain. In this
classical model the plasma concentration decays by distribution of the CM from plasma to
the extracellular volume (distribution phase, slope a), and by elimination of the CM from
plasma to urine by renal excretion (elimination phase, slope ).

The elimination phase is of interest as it defines the time when a second administration of
the same product can be performed safely, with no risk of accumulation and potential
toxicity (such as contrast-associated acute kidney injury). In theory, near-complete
elimination to 1,5% of the original concentration is achieved within 6 elimination half-lives
(T% B) (Bourin, 1997; Dean, 1993).

Results in Animal Studies

In most animal studies the open, 2-compartment model describes the pharmacokinetics of
ICM well. All ICM behave similarly in early distribution and excretion. In animal studies
distribution volumes ranged 180-250 ml/kg, or between 21-25% of body weight. This
indicates distribution within the extracellular fluid only. Renal excretion is species
dependent, and is higher for rats, rabbits, and dogs, compared to monkeys and humans due
to their higher weight normalized GFR. Elimination half-life times in rat studies range 20-25
minutes, in dogs 50-62 minutes, and in monkeys 71-83 minutes (Bourrinet, 1994; Coveney,
1989; Dencausse, 1996; Gardeur, 1980; Heglund, 1995; Lorusso, 1994; Morin, 1988; Miitzel,
1980; Miitzel, 1983).

The excretion in urine within 4h is 60-85% and within 24h is 86-95%, depending on the
animal species. The urinary excretion is complete within 48h. Excretion in faeces is species-
dependent, less than 1% for dogs and up to 7% for rats (Bourrinet, 1994; Coveney, 1989;
Dencausse, 1996; Gardeur, 1980; Heglund, 1995; Lorusso, 1994; Morin, 1988; Miitzel, 1980;
Miutzel, 1983).

After oral ingestion, 1-2% of the ICM reaches the systemic circulation and is eliminated
rapidly via the kidneys. The rest is eliminated in unchanged form with the faeces (Bourrinet,

1994; Miitzel, 1983).

Results in Human Studies — Normal Renal Function
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Pharmacokinetics in humans also worked well using an open 2-compartment model.

The distribution volumes in healthy volunteers and young patients were between 165-280
ml/kg, indicating a distribution in the extracellular volume. Distribution half-lives are rapid,
in the range of 15-22 minutes. For currently available nonionic ICM, the elimination half-
value times range 1.8-2.3 hours (Bourin, 1997; Edelson, 1984; Fountaine, 1996; Krause,
1994; Lorusso, 2001; McKinstry, 1984; Olsson, 1983; Spencer, 1996; Svaland, 1992; Wilkins,
1989), but may already increase to 3.25-4h in volunteers and patients of older age (Hartwig,
1989).

Excretion in urine is quick and independent of dose. About 80% of the dose will be
eliminated within 4h, and 93-98% is excreted in 24h. There is limited faecal excretion,
usually < 2-4%. Nonionic ICM are not metabolized, and there is no binding to plasma
proteins.

The elimination half-lives for older ionic high-osmolar ICM that are still in use as oral ICM for
fluoroscopy or CT are shorter than for current nonionic low-osmolar CM used for
intravascular administration, in the range of 1.3-1.8h (Difazio, 1978; Feldman, 1984;
Gardeur, 1980).

Results in Human Studies — Renal Insufficiency

In patients with renal impairment the half-lives of the ICM increase progressively.

The literature on pharmacokinetics of currently available ICM in patients with renal
insufficiency is scarce and patient categories vary. In moderate renal insufficiency (eGFR 30-
60 ml/min/1.73m?) the elimination half-lives increase up to 6.9h, and in severe renal
insufficiency (eGFR < 30 ml/min/1.73m?) the half-lives vary for several ICM from 10.0h to
27.0h, depending on the degree of insufficiency. When renal function is impaired, biliary
excretion will increase somewhat (Corradi, 1990; Lorusso, 2001; Nossen, 1995).

The summarized data are largely dependent on the study populations and settings and
should be taken as a relative indication.

From evidence to decision

The physicochemical data of currently used ICM have been summarized in Supplemental
Table S1 at the end of this guideline.

For ICM the use of an open, 2-compartment model is justified. No third compartment for
storage can be identified. In patients with normal renal function the renal elimination half-
value times are between 1.8 and 2.3 h (average 2.0h) Almost all the administered contrast
medium will be cleared in 6 half-lives, or 12 h, and already over 75% will be cleared in 2 half-
lives, or 4 h.

In patients with moderate renal impairment (eGFR 30-60 ml/min/1,73m?), the renal
elimination half-lives increase to 7 h, so it will need a maximum 42 h for near-complete
clearance, and about 14 h for 75% clearance. In severe renal impairment (eGFR < 30
ml/min/1,73m?) renal elimination half-lives vary widely between 10-27 h, so in the worst
case it will need a maximum 162 h (6,75 days) for near-complete clearance, and about 55 h
(2,3 days) for 75% clearance (Table 5.1).
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Table 5.1 Renal Excretion of lodine-Based Contrast Media
Name Structure lonicity Renal Excretion
(Elimination T3; hours - Near complete
elimination in 6 x T}3)

Normal Moderately Severely
Renal Reduced RF Reduced
Function RF
(eGFR > (eGFR 30-60  (eGFR <
60 ml/min) 30
ml/min) ml/min)
iohexol Monomeric Nonionic 2.0 NA 27.2
iopromide Monomeric Nonionic 1.8 NA NA
iomeprol Monomeric Nonionic 2.3 6.9 15.1
ioversol Monomeric Nonionic 2.1 NA NA
iobitridol Monomeric Nonionic NA NA NA
iodixanol Dimeric Nonionic 2.2 NA 23.0

Sources: See references in text above
2. Pharmacokinetics and Elimination of Gadolinium-based CM

Most of the early elimination of extracellular GBCA is via renal excretion, and for the
hepatobiliary GBCA (gadobenate or gadoxetate) there is additional biliary excretion.

The elimination phase is of interest as it defines the time when a second administration of
the same or another GBCA can be performed safely, with lower risk of accumulation and
potential toxicity (such as nephrogenic systemic fibrosis or gadolinium deposition). In theory,
near-complete elimination to 1,5% of the original concentration is achieved within 6
elimination half-lives (T% ) (Bourin, 1997; Dean, 1993).

Results in Animal Studies — Normal renal and biliary function

All extracellular GBCA behave similarly in early distribution and excretion, except for brain.
Elimination half-lives in rat studies range 16-23 min and in rabbit and dog studies 45-60 min
for all clinically administered GBCA doses (Allard, 1988; Harpur, 1993; Lorusso, 1999; Robic,
2019; Tombach, 2002; Tweedle, 1988; Vittadini, 1988; Vogler, 1995), with decreases in
elimination with increasing age or presence of diabetes of rats (Michel, 1992). The decrease
is first rapid and then progressively slower. Steady-state distribution volumes range 210-230
ml/kg, indicating distribution in the extracellular fluid (Allard, 1988; Harpur, 1993; Lorusso,
1999; Robic, 2019; Tombach, 2002; Tweedle, 1988; Vittadini, 1988; Vogler, 1995). More than
95% of the contrast is recovered in urine within 24h after administration. Only small
fractions are excreted with bile into the faeces, usually < 4% within 24h.
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For the hepatobiliary GBCA gadobenate and gadoxetate, there is additional biliary excretion.
Like the renal elimination, this is species-dependent, and is high for rats and rabbits. The
administration of these CM is associated with a choleretic effect. About 30-35% is eliminated
with bile into faeces for gadobenate (Lorusso, 1999; Vittadini, 1988), and 63-68% for
gadoxetate (Schuhmann-Gampieri, 1997). Biliary excretion has a capacity-limiting step with
increasing doses, and maximum excretion is about 5 umol/min - kg.

Clearance of macrocyclic GBCA from the brain is a slow process, both for cerebrum and
cerebellum. Half-lives for elimination were 1.8-2.0 weeks in the first 6 weeks, and 6.3-8.3
weeks thereafter, slightly slower in cerebellum than in cerebrum (Frenzel, 2021).

Results in Animal Studies — Renal and Hepatobiliary Insufficiency

Only few studies with hepatobiliary GBCA have been done in rats with combinations of
reduced renal and biliary function. With reduced biliary elimination there will be an
increased renal elimination and vice versa. Injection of bromosulfophthalein (BSP) or bile
duct ligation can reduce biliary excretion of gadobenate to 1-5%, with concomitant increase
in urinary excretion of 66-83% (De Haén, 1995). Renal artery or bile duct ligation reduced
elimination half value times of gadoxetate, but significantly more after renal artery ligation.
Between 1-3% of CM remained in the body in these animals (Mihler, 1994 and 1995).

Results in Human Studies — Normal Renal and Biliary Function

Pharmacokinetic analyses of extracellular GBCA in volunteers showed renal clearances
matching the glomerular filtration rate. The reported excretion half-lives range from 1.3 to
1.8h. Steady state distribution volumes are in range of 180-250 ml/kg. Clearance from
plasma is rapid with 75-85% of the CM cleared within 4h, and 94-98% cleared within 24h
(Hao, 2019; Le Mignon, 1990; McLachlan, 1992; Staks, 1994; Tombach, 2002 Van Wagoner
1993, Weinmann, 1984).

For the hepatobiliary gadoxetate the terminal half-lives ranged from 1.0h for young to 1.8h
for older volunteers, with a balanced renal and biliary excretion. The biliary excretion is only
saturated for high doses, not used in clinical practice (Gschwend, 2011; Hamm, 1995;
Schuhmann-Gampieri, 1992). Due to the lower biliary excretion, gadobenate has a profile
that is more like the extracellular GBCA. The half-value times were 1.2h for clinically used
doses with distribution volumes of 170-218 ml/kg (Spinazzi, 1999).

Results in Human Studies — Renal and Hepatobiliary Insufficiency

In patients with renal impairment the half-lives of the extracellular GBCA increase
progressively. However, the summarized data are dependent on the study populations and
settings and should be taken as a relative indication.

In patients with mild renal insufficiency (eGFR 60-90 ml/min/1.73m?) the half-life for the
new GBCA gadopiclenol increased to 3.2h (Bradu, 2021). In moderate renal insufficiency
(eGFR 30-60 ml/min/1.73m?) the increase in half-lives was between 3.8 and 6.9h, depending
on the amount of renal impairment, with higher values for lower eGFR. This is equivalent
with a factor of 2.5-3.5x that of volunteers with normal renal function. In severe renal
insufficiency (eGFR < 30 ml/min/1.73m?), excluding dialysis, half-lives are between 9.5-30h,
equivalent to 6-18x the value of volunteers with normal renal function (Bradu, 2021,
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Chachuat, 1992; Joffe, 1998; Schuhmann-Gampieri, 1991; Swan, 1999; Tombach, 2000 and
2001, Yoshikawa, 1997).

In the hepatobiliary GBCA, a combination of renal and hepatic impairment has been studied,
as bile duct excretion is able to compensate for some renal function deterioration.

Moderate hepatic impairment did not change the plasma half-life, but severe hepatic
impairment (like Child-Pugh C cirrhosis) led to slight increases of 2.6h for gadoxetate and
2.2h for gadobenate (Davies, 2002; Gschwend, 2011). For gadoxetate, moderate renal
impairment could be compensated with a half-life of only 2.2h, but severe renal impairment
led to a half-value time of 20h (Gschwend, 2011). In gadobenate moderate renal impairment
increased the half-life to 5.6h and severe impairment to 9.2h. This is much more like the
other extracellular GBCA (Swan, 1999).

Results in Systematic Reviews

Already in the late 1980s, biodistribution studies suggested that an open 3-compartment
model may better fit the pharmacokinetic data of GBCA than the 2-compartment model.
The first compartment is the plasma and the second and third compartments are the
extravascular extracellular space of the tissues where there is an effective capillary
permeability. The second and third compartments of the model are related to rapidly and
slowly equilibrating tissues (storage compartment) (Wedeking, 1988 and 1990).

In a large systematic review of pharmacokinetic data, the 3-compartiment, open model
better fitted the data, with 3 phases of GBCA decay from plasma. Apart from the distribution
phase (o) and rapid (renal) elimination phase (), there is a slow residual excretion phase (y).
After IV administration of GBCA, plasma levels of gadolinium fall rapidly, indicating a short
distribution phase with an average half-life of 0.2 £ 0.1 h. Then, levels will decrease slower
as renal elimination prevails, with half-lives 1.7 £ 0.5 h when measured in plasma and 2.6 +
0.6 h in urine (Lancelot, 2016).

The third phase of decay from the storage compartment can only be demonstrated in urine
at a time when concentrations in plasma have become undetectable. Calculated rate
constant y values are 0.107/h for gadoterate, and 0.012/h for gadobenate, and 0.029/h for
gadoxetate. The half-life for this residual excretion phase is about 5-8 times longer for
currently approved linear GBCA (approximately 25 h) compared to a macrocyclic GBCA (6 h),
with risk of dechelation or transmetallation. This residual phase is species-independent and
its rate constant y is closely related to the thermodynamic stability of the GBCA molecule.
The relative contribution of this slow elimination is not insignificant, being 21-35% for linear
GBCA vs. 10% for macrocyclic GBCA. The exact locations of this third compartment are not
completely clear, but Gd retention/deposition can be found in the brain, spleen, liver,
kidney, skin, and bones (Lancelot, 2016).

From evidence to decision

The physicochemical data of currently available GBCA have been summarized in
Supplemental Table S2 at the end of this guideline.

For general MRI, currently only stable macrocyclic GBCA are allowed. Using the optimized
open 3-compartment model, in patients with normal renal function the renal elimination
half-lives are between 1.3 and 1.8 h (average 1.6h) and the residual excretion time will be in
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the order of 6 h. Almost all the administered contrast medium will be cleared in 6 half-lives,
or 10-12 h, and already over 75% will be cleared in a little more than 2 half-lives, or 4 h.

In patients with moderate renal impairment (eGFR 30-60 ml/min/1,73m?), the renal
elimination half-lives increase to 4-7 h, so it will need a maximum 42 h for near-complete
clearance, and about 14 h for 75% clearance. As the residual excretion depends on
thermodynamic stability, it will not be significantly prolonged in these patients.

The situation is worse for patients with severe renal impairment (eGFR < 30 ml/min/1,73m?).
Renal elimination half-lives are between 10-30 h, so it will need a maximum 180 h (7,5 days)
for near-complete clearance, and about 60 h (2,5 days) for 75% clearance. It is thus far
unclear if the residual excretion is prolonged in these patients (Table 5.2).

Table 5.2 Renal Excretion of Gadolinium-Based Contrast Agents
Name Ligand  Structure lonicity  Renal Excretion
(Elimination T%; hours — Near complete
elimination in 6 x T%)

Normal RF  Moderately Severely
Reduced RF Reduced RF
(eGFR>60 (eGFR 30-60 (eGFR < 30

ml/min) ml/min) ml/min)
Gadopentetate DTPA Linear lonic 1.6 4.0 30.0
Gadobenate BOPTA  Linear lonic 1.2-2.0 5.6 9.2
Gadoxetate EOB- Linear lonic 1.0 2.2 20.0
DTPA
Gadoteridol HP- Macrocyclic Nonionic 1.6 6.9 9.5
DO3A
Gadobutrol BT- Macrocyclic Nonionic 1.8 5.8 17.6
DO3A
Gadoterate DOTA Macrocyclic lonic 1.6 5.1 13.9
Gadopiclenol NA Macrocyclic Nonionic 1.6-1.9 3.8 11.7

Sources: from references in text above

For approved linear hepatobiliary GBCA, moderate renal impairment leads to an increase in
renal elimination half-value times of 2-5 h, corresponding to a maximum 30h for near-
complete and 10h for 75% clearance. Severe renal impairment leads to an increase in renal
elimination half-value times of 10-20 h, corresponding to 60-120 h for near-complete and
20-40 h for 75% clearance. Residual excretion half-lives are in the order of 30-48h.

3. Combined Enhanced imaging with an ICM and a GBCA

Guideline Safe Use of Contrast Media part 3
Guideline for Authorization Phase November 2022 92



In oncology diagnosis and follow-up, contrast-enhanced MRI examinations with GBCA and
contrast-enhanced CT examinations with ICM are often combined, sometimes on the same
day. The presence of ICM will influence the (results of) MRl examination and the presence of
GBCA will influence the (results of) CT examination. The degree of these effects will
determine the optimal order of examinations. The pharmacokinetics of both types of CM will
dictate how waiting times between examinations should be scheduled.

Combining CT and MRI: Effects of GBCA on CT studies

Multiple in vitro studies have demonstrated the effect of GBCA in CT. At equal mass
concentration, GBCA will have a higher CT attenuation than ICM due to the higher atomic
number of Gadolinium (64) compared to iodine (53) (Bloem, 1989; Engelbrecht, 1996;
Gierada, 1999; Kim, 2003; Quinn, 1994; Schmitz, 1995; Schmitz, 1997; Zwicker, 1991).

Yet, in clinical practice the molar concentration used for ICM is much higher than for GBCA.
For instance, iopromide 300 mgl/ml equals 2,94 mmol/ml, compared to GBCA with 0.5-1.0
mmol/ml. Excellent detailed phantom studies from Sweden focusing on equal attenuation
have shown that in CT at 80-140kVp a solution of 0.5M GBCA is iso-attenuating to a solution
of ICM with 91-116 mg I/mL for a chest phantom, and to 104- 125 mg I/mL for an abdominal
phantom. Due to a different X-ray tube filtration, in DSA at 80-120 kVp a solution of 0.5M
GBCA is iso-attenuating to 73-92 mg I/mL (Nyman, 2002 and 2011).

Many clinical studies have used GBCA for CT or angiography in renal insufficiency patients or
in patients with (severe) hypersensitivity reactions to ICM. The GBCA injection frequently
needs high doses of 0.3-0.5 mmol/kg for good vascular enhancement (Kaufman 1996), which
is relatively short-lived. Such doses may be useful for vascular imaging or interventions but
are usually not suitable for optimal imaging of the abdominal organs. Good overviews of the
results can be found in multiple reviews (Spinosa, 2002; Strunk, 2004).

Nowadays, such high doses cannot be used anymore. Animal studies have shown that for
equal attenuation, GBCA are more nephrotoxic and more costly than low-dose or diluted
ICM (Elmsthal, 2006; Nyman, 2011). In addition to the risk of NSF and Gadolinium
deposition, these are the major reasons that current ESUR guidelines strongly discourage the
use of GBCA for radiographic examinations (Thomsen, 2002).

Due to the short-lived effect of GBCA injection in CT, this vascular enhancement is less
cumbersome in clinical practice when combining contrast-enhanced CT and MRI
examinations on the same day. One exception is that the kidneys will concentrate the
gadolinium, so that the renal collecting systems, ureters, and bladder will show CT
enhancement for a significant period.

Combining CT and MRI: Effects of ICM on MRI studies

In vitro experiments in MR Arthrography may serve as a model of these effects. Mixing of
ICM with GBCA will lead to some shortening of the T1 (spin-lattice) relaxation time, and a
more profound shortening of the T2 (spin-spin) relaxation time. This results in an increase in
T1w signal and a decrease in T2w signal. The magnitude of the effect is greater for higher
GBCA concentrations. The presence of ICM shifts the peak Sl towards lower GBCA
concentrations. Overall, in small joint spaces the enhancement was decreased (Andreisek,
2008; Choi, 2008; Ganguly, 2007; Kopka, 1994; Montgomery, 2002).
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Similar effects can also be seen in routine MRI examinations, but to a lesser degree. The
shortening effect on T1 and T2 times, with increase in T1w signal and a decrease in T2w
signal, depends on the concentration of the ICM and on the side chains in the molecular
structure of the specific ICM that is used (effect is for ioxithalamate > iotrolan > iopamidol >
iodixanol, iohexol or iomeprol) (Hergan, 1995; Jinkins, 1992; Kopka, 1994; Morales, 2016).
Very recently it was shown that adding an overdose of ICM to macrocyclic GBCA led to a
significant increase in R1 relaxation and the combination was excreted more slowly, possibly
because of the formation of chemical adducts between the lipophilic three-iodo-benzene
rings of the ICM and the tetra-aza-cycle of the macrocyclic GBCA (DiGregorio, 2022).
Increasing concentrations of ICM will also influence diffusion weighted imaging, with
increased signal and decreased ADC values (Ogura, 2009), and on functional imaging with
shortening of the T2* times used in BOLD MRI (Wang, 2014).

The effects of ICM in MRI can be longer-living and will be more disturbing on subsequent
contrast-enhanced MRI.

Recommendations

1. Safe time intervals in enhanced imaging with iodine-based contrast media

Based on the following, the Committee can recommend the following waiting times between
successive administrations of iodine-based contrast media in contrast-enhanced CT (or
(coronary) angiography) to avoid accumulation of iodine-based contrast media with
potential safety issues:

Consider a waiting time between elective contrast-enhanced CT or (coronary)
angiography with successive iodine-based contrast media administrations in patients with
normal renal function (eGFR >60 ml/min/1.73m?) of:

° Optimally 12 hours (near complete clearance of the previously administered
iodine-based contrast media)
° Minimally 4 hours (if clinical indication requires rapid follow-up)

Consider a waiting time between elective contrast-enhanced CT or (coronary)
angiography with successive iodine-based contrast media administrations in patients with
moderately reduced renal function (eGFR 30-60 ml/min/1.73m?) of:

° Optimally 48 hours (near complete clearance of the previously administered iodine-
based contrast media)
° Minimally 16 hours (if clinical indication requires rapid follow-up)

Consider a waiting time between elective contrast-enhanced CT or (coronary)
angiography with successive iodine-based contrast media administrations in patients with
severely reduced renal function (eGFR < 30 ml/min/1.73m?) of:

° Optimally 168 hours (near complete clearance of the previously administered
iodine-based contrast media)
° Minimally 60 hours (if clinical indication requires rapid follow-up)
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In emergency or life-threatening situations, employ less waiting time between contrast-
enhanced CT (or coronary angiography) with successive iodine-based contrast media
administrations.

2. Safe time intervals in enhanced imaging with gadolinium-based contrast agents

Based on the review above, the Committee recommends the following waiting times
between contrast-enhanced MRI with successive administrations of gadolinium-based
contrast agents, to avoid accumulation of gadolinium-based contrast agents with potential
safety issues:

Consider a waiting time between elective contrast-enhanced MRI with successive
gadolinium-based contrast agent administrations in patients with normal renal function
(eGFR >60 ml/min/1.73m?) of:

° Optimally 12 hours (near complete clearance of the previously administered
gadolinium-based contrast agent)
° Minimally 4 hours (if clinical indications require rapid follow-up)

Consider a waiting time between elective contrast-enhanced MRI with successive
gadolinium-based contrast agent administrations in patients with moderately reduced
renal function (eGFR 30-60 ml/min/1.73m?) of:

° Optimally 48 hours (near complete clearance of the previously administered
gadolinium-based contrast agent)
° Minimally 16 hours (if clinical indications require rapid follow-up)

Consider a waiting time between elective contrast-enhanced MRI with successive
gadolinium-based contrast agent administrations in patients with severely reduced renal
function (eGFR < 30 ml/min/1.73m?) of:

° Optimally 168 hours (near complete clearance of the previously administered
gadolinium-based contrast agent)
° Minimally 60 hours (if clinical indications require rapid follow-up)

In emergency or life-threatening situations, employ less waiting time between contrast-
enhanced MRI with successive gadolinium-based contrast agent administrations.

3. Safe time intervals in combined enhanced imaging with an iodine-based contrast
medium and a gadolinium-based contrast agent

Based on the review above, the Committee recommends the following waiting times
between contrast-enhanced MRI and contrast-enhanced CT or (coronary) angiography, to
avoid interference of the contrast medium used in the first contrast-enhanced examination
on the other contrast-enhanced examination, and to avoid accumulation of contrast media
with potential safety issues:
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When combining contrast-enhanced CT or (coronary) angiography with an iodine-based
contrast medium and contrast-enhanced MRI with a gadolinium-based contrast agent on
the same day in elective situations, it is better to start with the MRI examination, unless
the CT examination is intended for the kidneys, ureters, or bladder (CT Urography).

In patients with normal renal function the interference of the contrast medium used in the
first contrast-enhanced examination on the second contrast-enhanced examination will
predominantly determine the suggested waiting times.

Consider a waiting time between elective contrast-enhanced MRI with a gadolinium-
based contrast agent and contrast-enhanced CT or (coronary) angiography with an iodine-
based contrast medium in patients with normal renal function (eGFR >60
ml/min/1.73m?) of:

° Optimally 6 hours (near complete clearance of the effects of the previously
administered gadolinium-based contrast agent)
° Minimally 2 hours (if the clinical indication requires rapid follow-up)

In patients with reduced renal function the avoidance of accumulation of contrast media
with potential safety issues will predominantly determine the suggested waiting times (as in
sections 1 and 2 above).

Consider a waiting time between elective contrast-enhanced MRI with a gadolinium-
based contrast agent and contrast-enhanced CT or (coronary) angiography with an iodine-
based contrast medium in patients with moderately reduced renal function (eGFR 30-60
ml/min/1.73m?) of:

° Optimally 48 hours (near complete clearance of the previously administered
gadolinium-based contrast agent)
° Minimally 16 hours (if the clinical indication requires rapid follow-up)

Consider a waiting time between elective contrast-enhanced MRI with a gadolinium-
based contrast agent and contrast-enhanced CT or (coronary) angiography with an iodine-
based contrast medium in patients with severely reduced renal function (eGFR < 30
ml/min/1.73m?) of:

° Optimally 168 hours (near complete clearance of the previously administered
gadolinium-based contrast agent)
° Minimally 60 hours (if the clinical indication requires rapid follow-up)

When combining contrast-enhanced CT or (coronary) angiography with an iodine-based
contrast medium and contrast-enhanced MRI with a gadolinium-based contrast agent on
the same day in emergency or life-threatening situations, employ no waiting time and
perform back-to-back examinations.
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Chapter 6 Prevention of Contrast-Induced Encephalopathy
Clinical question

Which strategies are effective for prevention of Contrast-Induced Encephalopathy (CIE)?

Introduction

Contrast-induced encephalopathy is a rare complication of the use of iodine-based contrast
media (ICM), affecting the central nervous system. It has been associated with the
administration of large volumes of ICM during endovascular interventions. This module aims
to report on the optimal management of this complication as well as on strategies to
prevent CIE.

Search and select
A systematic review of the literature was performed to answer the following question:
Which strategies are effective for prevention of Contrast-Induced Encephalopathy (CIE)?

P (Patients): Adult (>18 years) patients, with an indication for examination with
intravenous or ICM administration.

I (Intervention): Prevention strategy - ICM administration with one type or volume of
contrast medium.

C (Comparison): No prevention strategy (care as usual) - ICM administration with
another type or volume of ICM.

O (Outcome): Contrast-induced encephalopathy, severity of CIE, neurotoxicity.

Relevant outcome measures

The guideline development group considered contrast-induced encephalopathy as a critical
outcome measure for decision making; and severity of CIE, neurotoxicity as important
outcome measures for decision making.

The working group defined the outcome measure contrast induced encephalopathy as
follows: a complication of intravenous or intra-arterial contrast administration resulting in a
clinical deterioration, not caused by stroke, seizures, and other metabolic abnormalities,
with oedematous changes on brain imaging, usually accompanied with contrast staining
(Chu, 2020; Quintas-Neves, 2020).

Search and select (Methods)

The databases Medline (via OVID) and Embase (via Embase.com) were searched with
relevant search terms until July 20", 2021. The detailed search strategy is depicted under
the tab Methods. The systematic literature search resulted in 419 hits. Studies were selected
based on the following criteria: the description of contrast induced encephalopathy or
neurotoxicity after administration of contrast media and the comparison of one preventive
strategy to another strategy. Nineteen studies were initially selected based on title and
abstract screening. After reading the full text, no studies were included.

Results
No studies were included in the analysis of the literature. Therefore, no systematic literature
analysis could be performed.

Justifications — evidence to decision
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Contrast-induced encephalopathy is a complication of iodine-based contrast media (ICM)
affecting the central nervous system. Usually, CIE is associated with intra-arterial
administration of ICM during cardiac catheterization (Spina, 2017) or neuro-interventional
procedures (Quintas-Neves, 2020), however, it can also occur after intravenous
administration (Hinsenveld, 2017; Law, 2012). It can be challenging to distinguish CIE from
thromboembolic stroke after endovascular procedures, of which the latter is a far more
common complication. Patients may therefore be misdiagnosed and not adequately treated.

Symptoms arise within 24h after administration of ICM and include an altered mental status,
focal neurological deficits, seizures, aphasia, and transient cortical blindness (Allison, 2021;
Chu, 2020; Dunkley, 2021). It has been hypothesized that ICM disrupts the blood-brain
barrier due to its hyperosmolarity, resulting in oedema and neurologic dysfunction (Chu,
2020; Dunkley, 2021; Matsubara, 2017; Kariyanna, 2020).

Diagnosis is often a combination of both clinical and radiologic findings. Imaging typically
shows cortical and subcortical contrast enhancement on CT and vasogenic oedema on MRI.
Dual Energy CT can differentiate haemorrhage from contrast staining (Chu, 2020).

Risk factors include haemodialysis, hypertension, previous stroke, diabetes mellites, kidney
disease, large volumes of ICM and previous adverse reactions (Allison, 2021; Matsubara,
2017). Renal dysfunction impairs clearance of contrast medium, and may result in more
severe CIE, while previous stroke may already have disrupted blood-brain barriers (Chu,
2020; Matsubara, 2017; Zhang, 2020).

In most cases of CIE, spontaneously resolution of symptoms has been reported in several
days with supportive care, although patients with permanent symptoms have also been
described (Leong, 2012; Niimi, 2008; Shinoda, 2004; Zhao, 2019). Median time to recovery
was reported to be around 30 hours (Kocabay, 2014).

The systematic research did not identify any comparative studies, but some potential
preventative strategies have been proposed in the literature. Some advice to use low-
osmolar ICM instead of iso- or high osmolar ICM, but in the recent years CIE has still been
observed with low osmolar ICM and no comparative case-control studies have been
performed (Kariyanna, 2020; Quintas-Neves, 2020, Spina, 2020). It has been reported that in
most patients with CIE more than 100 ml ICM was administered. Limiting the amount of ICM
administration or diluting ICM could be beneficial (Kariyanna, 2020).

One of the risk factors for developing CIE is renal dysfunction (Chu, 2020; Matsubara, 2017).
It has been advocated that haemodialysis in patients with renal dysfunction might be
beneficial in case of CIE, but no comparative studies have been performed (Matsubara,
2017). In the general population good hydration is generally advised around ICM
administration (see protocol in Safe Use of Contrast Media Part 1), although it is uncertain if
this can avoid CIE. Another risk factor is hypertension. Hypertension itself can also induce a
hypertensive encephalopathy. Whether lowering blood pressure before ICM administration
decreases the risk of CIE is unknown.

In case of CIE, corticosteroid treatment has been advocated (Allison, 2021). Corticosteroid
treatment may be used as preventative treatment in patients who previously have
developed CIE or as a treatment to resolve the neurological symptoms during CIE. Animal
studies showed that premedication with low molecular weight dextran and corticosteroids
reduced the neurotoxic effects of contrast media, due to prevention of blood cell
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aggregation and decreased osmotic permeability of the blood brain barrier (Kariyanna,
2020). However, no studies in humans exist to date to support these findings.

A general recommendation is to closely observe patients directly after endovascular
interventions, as most cases of CIE occur within the first few hours after intervention
(Kocabay, 2014).

Recommendations

No comparative studies were identified to provide evidence-based strategies to avoid CIE.
The recommendations below are based on expert opinions.

Health care providers should be aware of the existence of Contrast-Induced
Encephalopathy (CIE) following iodine-based contrast media administration.

Adequate prevention strategies have not been investigated in detail.

General advice for clinical practice:

1. Minimize the amount of iodine-based contrast media as much as possible during
endovascular interventions.
2. Consider to hydrate patients with severe renal dysfunction (eGFR <30

ml/min/1.73m?) receiving iodine-based contrast media (see protocol in Safe Use of
Contrast Media Part 1).

3. Closely monitor patients the first six hours after endovascular interventions for
neurological symptoms and consult a neurologist immediately in case of
neurological symptoms.

4. Depending on the clinical symptoms of contrast-induced encephalopathy,
treatment with antiepileptic drugs, corticosteroids, intravenous hydration, and/or
mannitol may be recommended.

Literature

Allison C, Sharma V, Park J, Schirmer CM, Zand R. Contrast-Induced Encephalopathy after
Cerebral Angiogram: A Case Series and Review of Literature. Case Rep Neurol. 2021;
13(2): 405-413.

Chu YT, Lee KP, Chen CH, Sung PS, Lin YH, Lee CW, Tsai LK, Tang SC, Jeng JS. Contrast-induced
encephalopathy after endovascular thrombectomy for acute ischemic stroke. Stroke.
2020; 51(12): 3756-3759.

Dunkley JC, Patel KH, Doodnauth AV, Kariyanna PT, Valery E, McFarlane Sl. Contrast-induced
encephalopathy post cardiac catheterization, a rare mimicry of acute stroke - case
presentation and review of the literature. Am J Med Case Rep. 2021; 9(5): 291-294.

Hinsenveld WH, Vos EM, Blom RJ, Langezaal LCM, Schonewille WJ. Uw diagnose. TNN Neuro-
imaging. 2017; 118. 118-121.

Kariyanna PT, Aurora L, Jayarangaiah A, Das S, Gonzalez JC, Hegde S, McFarlane IM.
Neurotoxicity associated with radiological contrast agents used during coronary
angiography: a systematic review. Am J Med Case Rep. 2020; 8(2): 60-66.

Guideline Safe Use of Contrast Media part 3
Guideline for Authorization Phase November 2022 105



https://www.radiologen.nl/system/files/bestanden/documenten/guideline_safe_use_of_contrast_media_part_1_full_english_1nov2017.pdf
https://www.radiologen.nl/system/files/bestanden/documenten/guideline_safe_use_of_contrast_media_part_1_full_english_1nov2017.pdf

Kocabay G, Karabay CY, Kalayci A, Akgun T, Guler A, Oduncu V, Tanboga IH, Izgi A, Kirma C.
Contrast-induced neurotoxicity after coronary angiography. Herz. 2014; 39(4): 522-
527.

Law S, Panichpisal K, Demede M, et al. Contrast-induced neurotoxicity following cardiac
catheterization. Case Rep Med. 2012; 2012: 267860.

Leong S, Fanning NF. Persistent neurological deficit from iodinated contrast encephalopathy
following intracranial aneurysm coiling. A case report and review of the literature.
Interv Neuroradiol. 2012; 18(1): 33-41.

Matsubara N, Izumi T, Miyachi S, Ota K, Wakabayashi T. Contrast-induced encephalopathy
following embolization of intracranial aneurysms in hemodialysis patients. Neurol
Med Chir (Tokyo). 2017; 57(12): 641-648.

Niimi Y, Kupersmith MJ, Ahmad S, Song J, Berenstein A. Cortical blindness, transient and
otherwise, associated with detachable coil embolization of intracranial aneurysms.
AJNR Am J Neuroradiol. 2008; 29(3): 603-607.

Quintas-Neves M, Araujo JM, Xavier SA, Amorim JM, Cruz E Silva V, Pinho J. Contrast-induced
neurotoxicity related to neurological endovascular procedures: a systematic review.
Acta Neurol Belg. 2020; 120(6): 1419-1424.

Shinoda J, Ajimi Y, Yamada M, Onozuka S. Cortical blindness during coil embolization of an
unruptured intracranial aneurysm--case report. Neurol Med Chir (Tokyo). 2004; 44(8):
416-419.

Spina R, Simon N, Markus R, Muller DW, Kathir K. Contrast-induced encephalopathy
following cardiac catheterization. Catheter Cardiovasc Interv. 2017; 90(2): 257-268.

Zhang G, Wang H, Zhao L, Li T, Sun M, Zhang Y, Hu H, Teng G, Chen J, Jian Y, Liu J. Contrast-
induced encephalopathy resulting from use of ioversol and iopromide. Clin
Neuropharmacol. 2020; 43(1): 15-19.

Zhao, W., Zhang, J., Song, Y. et al. Irreversible fatal contrast-induced encephalopathy: a case
report. BMC Neurol. 2019; 19: 46.

Guideline Safe Use of Contrast Media part 3
Guideline for Authorization Phase November 2022 106



Chapter 7 Follow-up Strategies after Hypersensitivity Reactions to
Contrast Media

This chapter is an update of the modules about hypersensitivity reactions in the earlier
guideline Safe Use of Contrast Media part 2.

Contents of chapter 7:

° Introduction to Hypersensitivity Reactions to Contrast Media (separate chapter in
previous guideline)

° Supplement Definitions of Adverse Drug Reactions

. Module 7.1 In Vitro Tests in Patients with Hypersensitivity Reactions to Contrast
Media (module 3 in guideline part 2)

. Module 7.2 Diagnostic Value of Skin Testing for Hypersensitivity Reactions to Contrast

Media (module 4 guideline part 2)

° Module 7.3 Risk Factors of Hypersensitivity Reactions to Contrast Media (module 5.1
in guideline part 2)

. Module 7.4 Prophylactic Measures for Prevention of Recurrent Hypersensitivity
Reactions to Contrast Media (module 5.2 in guideline part 2)

. Appendix 1 Flow Charts

. Appendix 2 Contrast Media Hypersensitivity: The Weber and Lalli Effects

. Appendix 3 Allergology Services in The Netherlands

Introduction to Hypersensitivity Reactions to Contrast Media

Disclaimer: This narrative review has been written by members of the Guideline Development
Group so that non-specialized readers can follow the Modules 7.1-7.4 more easily. It was not
part of the actual guideline process with structured literature analyses.

The increased use of contrast media (CM) may give rise to an increased absolute number of
total hypersensitivity reactions (HSR). The relative number of immediate HSR has decreased
since the introduction of nonionic, low-osmolar ICM, while the number of non-immediate HSR
is on the rise, due to an increased use of iso-osmolar ICM (Rosado Ingelmo, 2016).

Terminology and Definitions (see also Supplement)

The following definitions and terminology are based on the standard terminology
recommended by the World Allergy Organisation (Cordona, 2020; Demoly, 2014; Johansson,
2004). When dealing with CM, the term allergy should be avoided as much as possible.

Hypersensitivity: Objectively reproducible symptoms or signs, initiated by exposure to a
defined stimulus that is tolerated by normal subjects.

Drug Hypersensitivity Reaction (DHR): adverse effects of drugs that clinically resemble
allergic reactions (‘pseudo-allergic’). These include adverse reactions that are immune or
nonimmune mediated.

Drug Allergy: Hypersensitivity reactions that are associated with an immune mechanism for
which evidence can be shown in the form of drug-specific antibodies or activated T
lymphocytes.
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Immediate (acute, early) hypersensitivity reaction to contrast media: an adverse reaction
that occurs within 1 hour of contrast agent injection. Acute reactions can either be allergy-
like (IgE-mediated or not) hypersensitivity reactions or chemotoxic responses.

Non-immediate (delayed, late) hypersensitivity reaction to contrast media: an adverse
reaction that occurs between 1 hour and 1 week after contrast agent injection.

Figure 7.1 Schematic of adverse drug reaction types
Adverse Drug Reaction (ADR)

Type AADR Type BADR Type C,D,E,F ADR
(Hypersensitivity Reaction)

Augmented reaction l—s Immediate reaction (IHR)

Allergic reaction
Undesired reaction ) .
Nonallergic reaction

'— Nonimmedatie reaction (NIHR)
I:Allergic reaction
Nonallergic reaction
Adverse drug reaction (ADR): a response to a medicine which is noxious and unintended, and
which occurs at doses normally used in man (WHO definition) (See Figure 7.1)

ADR can be classified in multiple types, and for contrast media types A, B and D are most
relevant. Type A (augmented) reactions result from an exaggeration of a drug’s normal
pharmacological actions when given at the usual therapeutic dose and are normally dose
dependent. These include all physiologic reactions. Type B (bizarre) reactions are novel
responses that are not expected from the known pharmacological actions of the drug. These
are less common, and so may only be discovered for the first time after a drug has already
been made available for general use. These include allergic or non-allergic hypersensitivity
reactions. Type D, or ‘delayed’ reactions, become apparent sometime after the use of a
medicine. The timing of these may make them more difficult to detect. These include
Nephrogenic Systemic Fibrosis (NSF) or iodine-induced hyperthyroidism (Edwards, 2000).

Anaphylaxis: Anaphylaxis is a severe, life-threatening systemic hypersensitivity reaction
characterized by being rapid in onset with potentially life-threatening airway, breathing, or
circulatory problems and is usually, although not always, associated with skin and mucosal
changes (Cordona, 2020; WHO ICD-11 definition).

Anaphylaxis is highly likely when any one of the following 2 criteria are fulfilled (Cordona,

2020):

1. Acute onset of anillness (minutes to several hours) with simultaneous involvement of the
skin, mucosal tissue, or both (e.g., generalized hives, pruritus or flushing, swollen lips-
tongue-uvula)

And at least one of the following:
a) Respiratory compromise (e.g., dyspnoea, wheezing/bronchospasm, stridor, reduced
PEF, hypoxemia)
b) Reduced blood pressure or associated symptoms of end-organ dysfunction (e.g.,
hypotonia [collapse], syncope, incontinence)
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c) Severe gastrointestinal symptoms (e.g., severe crampy abdominal pain, repetitive
vomiting), especially after exposure to non-food allergens
2. Acute onset of hypotension® or bronchospasmP® or laryngeal involvement® after exposure
to a known or highly probable allergen® for that patient (minutes to several hours), even
in the absence of typical skin involvement.

Note: a hypotension defined as a decrease in systolic BP greater than 30% from that person's baseline, or a systolic
BP less than <90 mmHg. b. Excluding lower respiratory symptoms triggered by common inhalant allergens or food
allergens perceived to cause “inhalational” reactions in the absence of ingestion. c. Laryngeal symptoms include
stridor, vocal changes, odynophagia. d. An allergen is a substance (usually a protein) capable of triggering an
immune response that can result in an allergic reaction. Most allergens act through an IgE-mediated pathway, but
some non-allergen triggers can act independent of IgE (for example, via direct activation of mast cells).

Immediate hypersensitivity reactions to contrast media

Pathophysiology

Hypersensitivity reactions to CM are poorly understood. Recent research suggests that
hypersensitivity reactions to nonionic CM are a heterogeneous disease. It can develop from
multiple mechanisms such as IgE-dependent, complement dependent, direct membrane
effects of CM, and possibly other mechanisms that have not been identified yet (Zhai, 2017).
When an allergic drug reaction is suspected, DHR is the preferred term, because true drug
allergy and nonallergic DHR may be difficult to differentiate based on the clinical
presentation alone, especially in cases of acute severe DHR (Demoly, 2014).

Allergy-like hypersensitivity reactions may or may not be truly IgE-mediated. In general,
allergy can be either antibody- or cell-mediated. Cell-mediated reactions usually occur after
one or several days, while antibody-mediated reactions tend to be more immediate. A well-
known reason for immediate reactions is the presence of antigen specific IgE antibodies
attached to the surface of mast cells and basophil granulocytes. After cross-linking of IgE
antibodies on the surface of these cells, a degranulation process follows, resulting in
production of histamine and many other mediator substances. Other stimuli can also cause
degranulation such as the degree of ionization, osmolality, and temperature of the injected
solution. Some drugs such as fluoroquinolones are known to cause histamine release
without the presence of specific IgE, via non-IgE-dependent activation routes of the mast cell
(McNeil, 2015).

Compared to reactions to iodine-based CM, reactions to gadolinium-based CA are more
frequently IgE-mediated, and thus true allergic reactions (Clement, 2018).

Remember: Not all symptoms experienced by patients in the hour after contrast agent
injections are adverse reactions to the contrast agent. Patient anxiety may cause symptoms
after contrast agent administration, known as the Lalli effect (Lalli, 1974).

Clinical features and risk factors

The same acute adverse reactions are seen after intravascular administration of iodine-
based contrast media and after gadolinium-based contrast agents or ultrasound contrast
agents.

The term adverse drug reaction (ADR) is wider than hypersensitivity reactions, and includes
several chemotoxic effects of CM injection (ADR type A), such as a feeling of warmth, dry
mouth, or mild pain during injection, etc. Therefore, incidence figures between studies on
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hypersensitivity reactions and studies on ADR (for example post-marketing surveillance
studies) can vary.

In Radiology, hypersensitivity reactions are usually discriminated into mild, moderate, or
severe reactions as outlined below. It must be realized that in Allergology other
classifications are used, discriminating reactions as allergic, non-allergic, or type A adverse
reactions (see Figure 7.1 and Torres, 2021).

The chance that a reaction can be classified as allergic is lower when the reaction is mild or
moderate. It is important to note that re-exposure to CM after an initial mild reaction never
causes a moderate or severe reaction (Lee, 2017; Davenport, 2009).

Mild reactions include allergy-like hypersensitivity reactions such as scattered
urticaria/pruritus, limited cutaneous oedema, itchy/scratchy throat, nasal congestion, and
sneezing/conjunctivitis/ rhinorrhoea. This category also includes physiologic reactions such
as limited nausea/vomiting, transient flushing/warmth/chills, headache/dizziness/anxiety,
altered taste, mild hypertension or spontaneously resolving vasovagal reactions (ACR, 2022;
ESUR, 2018; Wang, 2008).

Moderate reactions include allergy-like reactions such as diffuse urticaria/pruritus, diffuse
erythema with stable vital signs, facial oedema without dyspnoea, throat
tightness/hoarseness without dyspnoea, and mild wheezing/bronchospasm. Physiologic
reactions include protracted nausea/vomitus, hypertensive urgency, isolated chest pain, and
vasovagal reactions responsive to treatment (ACR, 2022; ESUR, 2018; Wang, 2008).

Severe reactions include allergy-like reactions such as diffuse erythema with hypotension,
diffuse/facial oedema with dyspnoea, laryngeal oedema with stridor, and severe wheezing/
bronchospasm with hypoxia, and generalized anaphylactic reaction/shock. Severe
physiologic reactions include treatment-resistant vasovagal reactions, arrhythmia,
hypertensive emergencies, and convulsions/seizures. Also, to this category belong
pulmonary oedema and cardiopulmonary arrest (ACR, 2022; ESUR, 2018; Wang, 2008).

Risk factors

Risk factor analysis is often done by retrospective observational studies without control
groups (see also chapter 7.3). Risk factors for hypersensitivity are not fully established.
Additional risk factors for immediate HSR that are common to allergic drug reactions include
poorly controlled bronchial asthma, concomitant medications (e.g., ACE inhibitors, 8-
blockers, and proton pump inhibitors), rapid administration of the drug, mastocytosis,
autoimmune diseases, and viral infections (Rosado Ingelmo, 2016).

In Radiology literature, the most consistently reported risk factors for hypersensitivity
reactions to CM are (ACR, 2022):

1. A prior hypersensitivity reaction to contrast media.

2. Ahistory of allergy, particularly multiple severe allergies (atopy).

3. A history of asthma requiring treatment.

Female gender could not be substantiated as an independent risk factor for hypersensitivity
reactions, but age may be relevant (Endrikat, 2022).
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Incidence of acute hypersensitivity reactions

Incidence after iodine-based contrast media

The incidence is highest after iodine-based contrast media and lowest after ultrasound
contrast agents. The incidence of acute adverse reactions has declined considerably after
the introduction of low-osmolar and iso-osmolar iodine-based contrast media (ACR, 2022;
ESUR, 2018).

In the early days of low-osmolar media, the classic Japanese study (Katayama, 1990)
reported relatively high adverse drug reaction rates after nonionic CM of up to 3,1%, with
severe and very severe reactions occurring in 0,44%. In contrast, more recent studies with
large patient cohorts focusing more specifically on hypersensitivity (allergic-like) reactions
have shown considerably lower incidence rates of 0,15 to 0,69% with severe reactions
occurring in 0,005 to 0,013% (Hunt, 2009; Mortele, 2005; Wang, 2008).

Hypersensitivity reactions after non-vascular CM administration (either oral, rectal,
intraductal, intravesical or intra-articular) are rare (see also the overview in Safe Use of
Contrast Media, part 2). Such reactions occur slower, and the incidence is much lower than
after intravascular administration and will be influenced by the integrity and condition of the
wall of the cavity into which the contrast agent is administered (for example inflamed
mucosa may lead to leakage into the intravascular compartment). Nevertheless, severe
reactions can occur, even with non-vascular CM administration (Davis, 2015).

Incidence using specific iodinated contrast media

Large post-marketing surveillance studies of iobitridol and iodixanol have shown acute
adverse events of 0,58-0,59% with severe events in 0,004 to 0,010% (Maurer, 2011; Zhang,
2014). A third study using iopromide is more difficult to compare due to different
definitions, and had higher rates of 2,49% and 0,034%, respectively (Palkowitsch, 2014). It
must be noted that physiologic reactions (feeling of warmth, metallic taste) make up a
considerable part of these events.

More recently, the hypersensitivity reaction rate after iopromide was 0,74% in adults and
0,38% in elderly (Endrikat, 2022). In the same study population, the hypersensitivity reaction
rate was 0.7% after intravenous administration vs. 0.2% after intra-arterial administration
(Endrikat, 2020).

In addition, several retrospective observational studies have looked at differences in acute
hypersensitivity rates among iodine-based CM. Although imperfect, these studies indicate a
somewhat higher rate for iopromide and iomeprol compared to other CM (An, 2019; Gomi,
2010; Kim, 2017; Seong, 2014). It remains controversial whether iobitridol has a lower
percentage, as indicated in one study (Kim, 2017).

Incidence after gadolinium-based contrast agents

Recent studies in large adult patient cohorts focusing on hypersensitivity (allergic-like)
reactions have shown low incidence rates of 0,06-0,17% with severe reactions occurring in
0,003-0,006% (Aran, 2015; Behzadi, 2018; Dillman, 2007; Prince, 2011). More recent studies
showed overall rates of 0,15-0,40%. For severe reactions rates were 0,002-0,004% in general
populations and 0,033% in a population undergoing cardiac MRI (Ahn, 2022; McDonald,
2019; Uhlig, 2019).

In a large meta-analysis, the overall rate was 92 per 100,000 gadolinium-based contrast
agent (GBCA) injections (0,09%) with severe reactions occurring in 5,2 per 100,000 injections
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(0,005%). It was shown that the type of GBCA is of influence on the number of reactions.
Linear nonionic GBCA had an incidence of 15 per 100,000 and linear ionic GBCA of 52 per
100,000. However, these GBCA are no longer available in Europe. The macrocyclic GBCA had
slightly higher rates, macrocyclic ionic GBCA 90 per 100,000 and macrocyclic nonionic GBCA
160 per 100,000. The highest rate was for linear ionic GBCA with protein-binding, 170 per
100,000 injections (Behzadi, 2018).

Comparing specific GBCA, in one study more hypersensitivity reactions occurred after
gadobenate and gadobutrol compared with gadodiamide or gadoterate injection
(McDonald, 2019), while in another study most acute reactions occurred with gadoteridol
and most delayed reactions with gadoterate (Ahn, 2022).

Breakthrough, protracted and biphasic hypersensitivity reactions

So-called “breakthrough” hypersensitivity reactions are recurring reactions despite
premedication with corticosteroids and H1-antihistamines. The occurrence in published
series is variable, 2 to 17%. These reactions are most often of similar severity as the original
(culprit) reaction for which premedication was prescribed. Breakthrough reactions can be
severe in incidental cases. Unfortunately, no data on the number of IgE-mediated reactions
are available (Davenport, 2009; Mervak, 2015).

While most hypersensitivity reactions to CM are uniphasic, other patterns may also occur.
A protracted reaction is defined as a reaction lasting > 5h in which symptoms incompletely
resolve. This pattern is rare following CM, occurring in only 4% of anaphylactic (severe)
reactions and may be predicted by a low responsiveness to initial adrenaline therapy (Kim,
2018).

A biphasic reaction is defined as a reaction recurring 0 to 72h after an initial hypersensitivity
reaction. The median time for start of the second reaction is 8 to 12h after the first reaction.
This pattern is also rare, occurring in 10% of anaphylactic (severe) reactions (Rohacek, 2014).
Usually, the second reaction is of similar severity or milder than the initial reaction.
Predictors for biphasic anaphylaxis are severe initial symptoms requiring adrenaline redosing
or a long (> 40 min) duration of the initial reaction. An observation time of 6-12h after the
initial anaphylactic reaction has resolved is practical (Lee, 2016; Kim, 2018 and 2019). The
use of corticosteroids in this setting is controversial and is not recommended (Gabrielli 2019;
Lee, 2016; Simons, 2015).

For ultrasound contrast agents the risk is low, but no large series have been published to
date. Most adverse reactions are cardiovascular, and the incidence of hypersensitivity
reactions is 0,009% with severe reactions occurring in 0,004% (Khawaja, 2010).

Classification

Historically, hypersensitivity reactions to CM have been graded as mild, moderate, or severe.
This radiological classification shows overlap with other used classifications, such as the
World Allergy Organisation (WAO) classification (Johansson, 2004) and modifications of the
Ring - Messmer classification of allergic reactions (Ring, 1977; Table 7.1).
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Table 7.1 Severity grading of anaphylactic reactions (modified Ring and Messmer)

Grade Skin Abdomen Airways Cardiovascular
| Itch - - -
Flush
Urticaria
Angioedema
1] Itch Nausea Rhinorrhoea Tachycardia (> 20
Flush Cramps Hoarseness bpm)
Urticaria Dyspnoea Hypertension (>20
Angioedema mm Hg)
Arrhythmia
[} Itch Vomiting Laryngeal oedema Shock
Flush Defecation Bronchospasm
Urticaria Cyanosis
Angioedema
\% Itch Vomiting Respiratory arrest Cardiac arrest
Flush Defecation
Urticaria
Angioedema
Classification according to the most severe symptom, no symptom is mandatory

A practical summary classification of acute hypersensitivity reactions to contrast media for
radiological practices may be (free after ACR, 2022; ESUR, 2018):

Mild: Itching, sneezing, flushing, conjunctivitis, rhinorrhoea, epiphora, nausea, short-
duration, or incidental vomiting, altered taste, limited (localized) scattered
urticaria.

Moderate: Generalized or extensive urticaria, diffuse erythema without hypotension, facial
or angioedema without dyspnoea, mild wheezing/bronchospasm, protracted
vomiting, mild isolated hypotension.

Severe: Severe wheezing/bronchospasm, profound hypotension, pulmonary oedema,
generalized anaphylactic reaction, seizures/convulsions, respiratory arrest, and
cardiac arrest.

It is important to note that re-exposure to CM after an initial mild reaction never causes a
moderate or severe reaction (Lee, 2017; Davenport, 2009). In addition to this, the risk of an
IgE-mediated allergic reaction (and thus the risk of severe reactions in case of re-exposure) is
low in moderate reactions without cutaneous symptoms. Therefore, in the classification
most used in allergology only reactions with cutaneous symptoms (urticaria or angioedema)
are classified as allergic-like (Torres, 2021).

Nonimmediate (late, delayed) hypersensitivity reactions to Contrast Media

Clinical features

A nonimmediate hypersensitivity reaction (NIHR) is a delayed hypersensitivity reaction > 1h
after contrast administration (usually > 24h). NIHR usually presents as a maculopapular
exanthema (MPE): skin rash consisting of patches (maculae) and nodules (papulae) spread
over body and extremities. It normally heals within days to weeks, and if treatment is
required, topical or oral steroids can be applied.

Many patients show a variety of nonspecific symptoms, which include headache, nausea,
dizziness, gastro-intestinal upset, mild fever, and arm pain (Bellin, 2011; Christiansen, 2000).
When compared to control populations (Loh, 2010), skin rashes with erythema and swelling
are the most frequent true nonimmediate hypersensitivity reactions. Most patients present
with cutaneous symptoms like other drug-induced skin eruptions, usually in the form of a
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macular or maculopapular exanthema. The exanthema usually occurs 2 to 10 days after first
exposure to ICM and 1 to 2 days after re-exposure to the same ICM. Most reactions are mild
to moderate in severity, are usually self-limiting and resolve within 1 week (Bellin, 2011).

Discrimination should be made between mild-to-moderate NIHR and rare severe NIHR with
danger signs, the so-called severe cutaneous adverse drug reactions (SCAR), such as drug
reaction with eosinophilia and systemic symptoms (DRESS) syndrome, toxic epidermal
necrolysis (TEN), acute generalized exanthemic pustulosis (AGEP), and Stevens-Johnson
syndrome (SJS) (Brockow, 2019; Soria, 2021).

Pathophysiology

There is evidence that drug-specific T-cells play an important role in nonimmediate
hypersensitivity reactions. In skin reactions an infiltrate in the dermis consisting of activated
CD4* or CD8* T-cells and eosinophils is usually found (Christiansen, 2000 and 2003;
Schénmann, 2020).

In vitro studies have shown two different pathways of CM recognition which both require
major histocompatibility complex (MHC) molecules for stimulation: a) direct binding of CM
to the T-cell receptor or MHC molecule (p-i concept), and b) after uptake and processing by
antigen-presenting cells and presented to T-cells via MHC-II molecules ((pro)hapten concept)
(Keller, 2009).

The hapten-independent pathway could explain results of cross-reactivity analyses that
revealed that CM-specific activated T-cell clones reacted to CM with shared structural
elements.

It has been postulated that CM do not induce a primary immune response, but instead
interact with receptors on activated memory T-cells raised against other foreign substances
(non-allergic NIHR). Patients with nonimmediate hypersensitivity should not be at risk for an
immediate hypersensitivity reaction (mediated by IgE or other mechanisms) upon re-
exposure to CM.

Risk factors

Established risk factors for nonimmediate hypersensitivity reactions to iodine-based CM
include a previous hypersensitivity reaction and IL-2 immunotherapy. Most CM-associated
nonallergic NIHR are associated with iso-osmolar CM (ACR, 2022; Bellin, 2011; ESUR, 2018).

Patients with a history of nonimmediate hypersensitivity reactions to ICM are not at
increased risk for immediate HSR to ICM as these reactions are mechanistically unrelated
(Christiansen, 2003; Mazori, 2018).

Incidence of nonimmediate hypersensitivity reactions

The frequency of nonimmediate hypersensitivity reactions to CM varies greatly between
studies and is believed to be between 1-3% of patients after iodine-based CM administration
and only very rarely after gadolinium-based CA administration (Bellin, 2011; Christiansen,
2000).

Incidence using specific iodine-based CM

Nonimmediate skin reactions tend to be more common after iodixanol (Benin, 2011; Sutton,
2003). The incidence of nonimmediate hypersensitivity reactions is not significantly different
for the other iodine-based low-osmolar CM (Bellin, 2011).
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Cross-reactivity between contrast media

Cross-reactivity between iodine-based CM

Most of the current cross-reactivity data come from skin testing. Cross-reactivity in late
hypersensitivity reactions is probably caused by the presence of CM-specific T-cells, some of
which may show a broad cross-reactivity pattern. There may be a link between the chemical
structure of iodine-based CM and the pattern of cross-reactivity, but results are inconsistent.

Several studies have shown considerable cross-reactivity between different iodine-based
CM, but specific data on immediate versus nonimmediate hypersensitivity reactions are
lacking until now. In the larger studies, most cross-reactivity has been seen between the
nonionic dimer iodixanol and its monomer iohexol, with relatively fewer positive skin
reactions with iobitridol (Clement, 2018; Hasdenteufel, 2011; Lerondeau, 2016; Yoon, 2015).

Based on cross-reactivity patterns iodine-based CM may be divided in three groups, with

relatively high intra-group cross-reactivity but less intergroup cross-reactivity (Lerondeau,
2016). Based on additional data, it seems reasonable to add iopromide to group A as well
and possibly remove ioxithalamate and iopamidol (Schrijvers, 2018).

Table 7.2 may be helpful for selecting an alternative agent for imaging studies.

Table 7.2 Cross-reactivity grouping of iodine-based CM (Lerondeau, 2016)

Group A Group B Group C
loxithalamate (Telebrix) lobitridol (Xenetix) Amidotrizoate (Gastrografin)
lopamidol (lopamiro) loxaglate (Hexabrix)

lodixanol (Visipaque)

lohexol (Omnipaque)

loversol (Optiray)

lomeprol (lomeron)

lopromide (Ultravist)

Note: lopamidol and loxaglate are no longer available on the market in The Netherlands

Cross-reactivity between gadolinium-based CM

Information on cross-reactivity between GBCA is limited to case reports. Skin testing and
provocation tests in such cases have shown that cross-reactivity among macrocyclic GBCA
may be more extensive than among linear GBCA (Gallardo Higueras, 2021; Griiber, 2021).

Cross-reactivity between iodine-based and gadolinium-based CM

A recent study examined the risk of reactions to both iodine-based CM and gadolinium-
based CA in the same patient in a large patient cohort. The incidence of primary
hypersensitivity reactions was 0,047% and the incidence of secondary reactions 0,024%.
Nearly all reactions were mild, requiring no treatment. Therefore, cross-reactivity between
iodine-based and gadolinium-based CM is an extremely rare event (Sodagari, 2018).
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Supplement: Definitions of Adverse Drug Reactions

Disclaimer: This narrative supplement has been written by members of the Guideline
Development Group so that non-specialized readers can follow the text more easily.
It was not part of the actual guideline process with structured literature analyses.

Adverse drug reaction (ADR), synonyms: Adverse reaction, Suspected adverse (drug)
reaction, Adverse effect, Undesirable effect (CIOMS IX)

A response to a medicinal product which is noxious and unintended. Response in this
context means that a causal relationship between a medicinal product and an adverse event
is at least a reasonable possibility. Adverse reactions may arise from use of the product
within or outside the terms of the marketing authorisation or from occupational exposure.
Conditions of use outside the marketing authorization include off-label use, overdose,
misuse, abuse, and medication errors (EMA, 2017).

The terms “adverse reaction” and “adverse effect” are interchangeable, except that an
adverse effect is seen from the point of view of the drug, whereas an adverse reaction is
seen from the point of view of the patient (Edwards, 2000).

Toxic effect

A toxic effect is an effect that occurs as an exaggeration of the desired therapeutic effect,
and which is not common at normal doses. It occurs by the same mechanism as the
therapeutic effect and is always dose related.

Side effect

A side effect is any effect that is not the main aim of a therapy. Side effect include effects
that may be beneficial rather than harmful. A side effect may or may not occur through the
pharmacological action for which the drug is being used.

Unexpected adverse reaction
An adverse reaction, the nature or severity of which is not consistent with domestic labelling
or market authorisation, or expected from characteristics of the drug

Serious adverse effect

Any untoward medical occurrence that at any dose results in death, requires hospital

admission or prolongation of existing hospital stay, results in persistent or significant

disability/incapacity, or is life

threatening

e Cancers and congenital anomalies or birth defects should be regarded as serious

e Medical events that would be regarded as serious if they had not responded to acute
treatment should also be considered serious

e The term ‘severe’ is often used to describe the intensity (severity) of a medical event, as
in the grading ‘mild’, ‘moderate’, and ‘severe’; thus, a severe skin reaction need not be
serious

Adverse event/adverse experience
Any untoward occurrence that may present during treatment with a pharmaceutical
product, but which does not necessarily have a causal relation to the treatment

Drug hypersensitivity reaction (DHR)
Drug hypersensitivity reactions (DHRs) are adverse effects of drugs that clinically resemble
allergic reactions (‘pseudo-allergic’). DHR includes adverse reactions that are immune or
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nonimmune mediated. For general communication, when an allergic drug reaction is
suspected DHR is the preferred term, because true drug allergy and nonallergic DHR may be
difficult to differentiate based on the clinical presentation alone, especially in cases of acute
severe DHR.

Clinically, DHRs are commonly classified as immediate or nonimmediate/delayed depending
on their onset during treatment. The discrimination between immediate and nonimmediate
DHR has its limitations because other factors such as the route of administration, the role of
drug metabolites, and the presence of co-factors or co-prescribed drugs may accelerate or
slow down the onset or progression of a reaction. Although artificial, this classification into
immediate and nonimmediate DHR is very important in clinical practice for workup planning.

Non-immune drug hypersensitivity reaction

Nonimmune hypersensitivity drug reactions are all adverse drug reactions whose

symptomatology suggests an allergy but for which the immunologic nature of the reaction

cannot be proved.

Nonimmune drug hypersensitivity reactions assume most of the criteria listed under drug

allergy. Numerous nonimmune hypersensitivity reactions occur and are caused by multiple

aetiologies. Examples include:

e Include nonspecific histamine release (opiates, radiocontrast media, and vancomycin),

An accumulation of bradykinin (angiotensin-converting enzyme inhibitors),

Complement activation (radiocontrast media, protamine),

An activation of leukotriene synthesis (aspirin and nonsteroidal anti-inflammatory drugs),

Bronchospasm (by liberation of sulphur dioxide during treatments containing sulphites or

by blockage of the b-adrenergic receptors, even when the drug is administered through

the eyes).

e Nonimmediate drug hypersensitivity like reaction due to pharmacological interaction
with immune receptor. P-i concept reactions are associated with specific HLA types.

Immediate drug hypersensitivity reaction (IHR)

Immediate DHRs are possibly induced by an IgE-mediated mechanism and occur within 1-6
h after the last drug administration. Typically, they occur within the first hour following the
first administration of a new course of treatment.

Immediate DHRs usually present with urticaria, angioedema, rhinitis, conjunctivitis,
bronchospasm, gastrointestinal symptoms (nausea, vomiting, diarrhoea), or anaphylaxis,
which can lead to cardiovascular collapse (anaphylactic shock)

Non-immediate drug hypersensitivity reaction (NIHR)

Nonimmediate DHRs may occur any time as from 1 h after the initial drug administration.
They commonly occur after many days of treatment and are often associated with a delayed
T-cell-dependent type of allergic mechanism.

Nonimmediate DHRs often affect the skin with variable cutaneous symptoms such as late
occurring or delayed urticaria, maculopapular eruptions, fixed drug eruptions (FDE),
vasculitis, blistering diseases (such as TEN, SJS, and generalized bullous fixed drug eruptions),
HSS, acute generalized exanthematous pustulosis (AGEP), and symmetrical drug-related
intertriginous and flexural exanthemas (SDRIFE). Internal organs can be affected either alone
or with cutaneous symptoms (HSS/DRESS/DiHS, vasculitis, SIS/TEN) and include hepatitis,
renal failure, pneumonitis, anaemia, neutropenia, and thrombocytopenia.

Drug allergy
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A drug allergy is always associated with an immune mechanism for which evidence can be
shown of drug-specific antibodies or activated T lymphocytes. Drugs can induce all the types
of immunologic reactions described by Gell and Coombs

A drug allergy is characterized by the following criteria:

e The reaction is not an expected pharmacologic effect.

e A period of sensitization precedes the reaction.

e The reaction may occur at a dose much lower than that required for a pharmacologic
effect.

e The clinical symptoms are characteristic of an allergic reaction.

e Resolution occurs within an expected interval, usually days, after discontinuation of the
offending agent.

e Chemical cross-reactivity may occur

Classification of Adverse Drug Reactions

Type A adverse drug reaction

Type A (augmented) reactions result from an exaggeration of a drug’s normal
pharmacological actions when given at the usual therapeutic dose and are normally dose
dependent. Examples include respiratory depression with opioids or bleeding with warfarin.
Type A reactions also include those that are not directly related to the desired
pharmacological action of the drug, for example dry mouth that is associated with tricyclic
antidepressants

Type B adverse drug reaction

Type B (bizarre) reactions are novel responses that are not expected from the known
pharmacological actions of the drug. These are less common, and so may only be
discovered for the first time after a drug has already been made available for general use.
Examples include anaphylaxis with penicillin or skin rashes with antibiotics.

Type B ADR include adverse reactions that are dose-independent, unpredictable, noxious,
and unintended response to a drug taken at a dose normally used in humans. However,
some dose dependence has been shown repeatedly in DHRs (e.g., for nonsteroidal anti-
inflammatory drugs (NSAIDs), antiepileptic drugs) and some are predictable due to the
disease state (e.g., human immunodeficiency virus (HIV) infection/acquired
immunodeficiency syndrome (AIDS), Epstein—Barr virus (EBV) infection) or a similar previous
reaction to the same drug or drug class. Some are associated with specific HLA types

Type C adverse drug reaction

Type C (‘continuing’) reactions persist for a relatively long time. Examples are osteonecrosis
of the jaw with bisphosphonates, Hypothalamic-pituitary-adrenal axis suppression by
corticosteroids

Type D adverse drug reaction

Type D (‘delayed’) reactions become apparent sometime after the use of a drug. The timing
of these may make them more difficult to detect. An example is leucopoenia, which can
occur up to six weeks after a dose of lomustine. Teratogenic (e.g., vaginal adenocarcinoma
with diethylstilbesterol) and carcinogenic reactions can also be type D reactions.

Type E adverse drug reaction
Type E (‘end-of-use’) reactions are associated with the withdrawal of a drug. An example is
insomnia, anxiety and perceptual disturbances following the withdrawal of benzodiazepines.
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Type F adverse drug reaction

Type F (failure) reactions are the result of unexpected failure of therapy. An example is
inadequate dosage of an oral contraceptive, particularly when used with specific enzyme
inducers (interaction).

Causality assessment of suspected adverse drug reactions

Certain

. A clinical event, including a laboratory test abnormality, which occurs in a plausible
time relation to drug administration, and which cannot be explained by concurrent
disease or other drugs or chemicals

o The response to withdrawal of the drug (de-challenge) should be clinically plausible

o The event must be definitive pharmacologically or phenomenologically, using a
satisfactory rechallenge procedure if necessary

Probable/likely

. A clinical event, including a laboratory test abnormality, with a reasonable time
relation to administration of the drug, unlikely to be attributed to concurrent disease
or other drugs or chemicals, and which follows a clinically reasonable response on
withdrawal (de-challenge)

. Rechallenge information is not required to fulfil this definition
Possible
o A clinical event, including a laboratory test abnormality, with a reasonable time

relation to administration of the drug, but which could also be explained by
concurrent disease or other drugs or chemicals

. Information on drug withdrawal may be lacking or unclear
Unlikely
. A clinical event, including a laboratory test abnormality, with a temporal relation to

administration of the drug, which makes a causal relation improbable, and in which
other drugs, chemicals, or underlying disease provide plausible explanations

Conditional/unclassified

o A clinical event, including a laboratory test abnormality, reported as an adverse
reaction, about which more data are essential for a proper assessment, or the
additional data are being examined

Not assessable/unclassifiable
o A report suggesting an adverse reaction that cannot be judged, because information is
insufficient or contradictory and cannot be supplemented or verified
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Module 7.1 In Vitro Tests in Patients with Hypersensitivity Reactions to Contrast
Media

This is an update of module 3 of the previous guideline Safe Use of Contrast Media part 2.

Clinical question

What is the diagnostic value of serum and/or urine testing for contrast media induced
hypersensitivity reactions?

Introduction

In vitro tests using blood or urine can be employed in the analysis of possible
hypersensitivity reactions, immediately following the event or in an outpatient setting.
Which diagnostics should be performed depends on the timing and the type of reaction.

Hypersensitivity reactions to contrast media are described as immediate (acute) or
nonimmediate (delayed, late). Reactions occurring within one hour after application of the
agents are coined as immediate, reactions occurring later are called nonimmediate. For
more information see the Introduction of this chapter.

Nonimmediate hypersensitivity reactions (NIHM) are mediated by CM specific T-
lymphocytes (Christiansen, 2000; Kanny, 2005; Lerch, 2007; Romano, 2002). In the
(semi)acute setting, there are no in vitro diagnostic methods available to confirm the
diagnosis. To date, only a skin biopsy can be useful in this setting, but specific
pathognomonic features are lacking. Routine laboratory diagnosis (leukocyte count +
differential, liver enzymes, urea, creatinine) is useful to screen for extracutaneous organ
involvement. Eosinophilia may support the diagnosis of NIHM but lacks both sensitivity and
specificity.

Additional diagnostic methods in the outpatient setting are also mostly performed in vivo by
means of patch testing and/or skin prick or intradermal testing with late (>24 hours)
readings. Lymphocyte transformation tests (LTT) are currently not available in the
Netherlands.

Immediate hypersensitivity reactions (IHR) are nowadays considered to be mediated by both
allergic (Ige-mediated) and nonallergic (non-IgE-mediated, i.e., direct nonspecific mast cell
degranulation or complement activation) mechanisms (Torres, 2021).

In the acute event of an IHR, mast cell degranulation (via IgE or non-IgE mediated
mechanisms) can be studied by measuring serum beta-tryptase (tryptase) or histamine.
Serum histamine determination is unpractical because of its short half-life in circulation. An
alternative is detection of histamine metabolites in urine. (N-t-Methylhistamine). Although
this is a reliable parameter (Keyzer, 1984), very few laboratories have this test in their
routine repertoire, and there are not enough data available with respect to contrast media.
So, this parameter is not further discussed.

In the outpatient setting, analysis of IHR mostly depends on in vivo diagnostic methods using
skin prick and intradermal testing. In the recent years, additional drug provocation tests
(DPT) have gradually been implemented in specialized centres. In vitro diagnosis is limited to
detection of specific IgE antibodies and basophil activation tests (BAT). Specific antibodies
against certain ionic contrast media have been detected in patients with IHR (Laroche 1998;
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Mita 1998); however, to date there are no specific IgE antibodies commercially available.
Application of BAT to heparin stabilized blood samples of patients shows interesting results
but its availability is limited to specialized laboratories.

Search and select

A systematic review of the literature was performed to answer the following question:
What is the diagnostic value of serum and/or blood testing compared to clinical diagnosis of
hypersensitivity reaction after contrast administration / no in vitro tests for contrast media
induced hypersensitivity reactions?

P: (Patients): Patients with hypersensitivity reactions after undergoing radiological
examinations with contrast media.

I: (Intervention): Serum tests: tryptase, blood test, basophil activation test.

C: (Comparison): Clinical diagnosis of hypersensitivity reaction after contrast
administration / no serum tests.

R: (Reference test): Drug provocation test.

O: (Outcomes): Correctly confirmed diagnosis of hypersensitivity reaction to contrast

media (sensitivity, specificity, area under the curve, positive
predictive value PPV, negative predictive value NPV).

Relevant outcome measures

The working group considered sensitivity and specificity critical outcome measures for the
decision-making process; and considered the area under the curve and the positive and
negative predictive values important outcome measures.

Search and select (Methods)

The databases Medline (via OVID) and Embase (via Embase.com) were searched with
relevant search terms until April 22", 2021. The detailed search strategy is depicted under
the tab Methods. The systematic literature search resulted in 368 hits. Studies were selected
based on the following criteria:

. Adult patients with hypersensitivity reaction to radio contrast media.

. Evaluation of diagnostic properties of serum tests to contrast media.

. Application of a provocation test to confirm results of cutaneous testing.

. Reports predefined outcome measures: sensitivity, specificity, area under the curve,
positive predictive value, negative predictive value.

o Serum tests tryptase and urine-metabolites should be performed within 24 hours
after hypersensitivity reaction.

o No reports of case series or exploratory findings (n>10).

Seven studies were initially selected based on title and abstract screening. After reading the
full text, all seven studies were excluded (see Table of excluded studies in ‘Appendices to
modules’).

Summary of literature
No studies were included in the analysis of the literature; therefore, no systematic literature
analysis was performed.

Justifications — evidence to decision

1. Immediate/acute hypersensitivity reactions (IHR)

Guideline Safe Use of Contrast Media part 3
Guideline for Authorization Phase November 2022 126



Tryptase

Histamine and tryptase can be both measured to confirm IHR to CM. However, histamine is
degraded quickly, being less specific and more complicated to measure by commercially
available assays. Thus, tryptase is regarded as the preferred mediator. The approach is to
compare acute (within 4 hours of the event) and baseline total tryptase levels (at least 24
hours after all signs and symptoms of the event have subsided) to distinguish between an
increased mast cell burden (e.g., mastocytosis, in which baseline tryptase levels remain
elevated) and mast cell degranulation (with only acute tryptase levels elevated). The
minimal elevation of acute over baseline tryptase levels suggested to be clinically significant
is calculated as at least 2 ng/mL + [1.2 x baseline tryptase level] (Sprung, 2015) or at least
20% above baseline plus 2 ng/mL during or within 4 hours after a symptomatic period
(Valent, 2012). An increase from baseline level during allergic symptoms is suggestive of an
IHR to CM. It has been reported that higher tryptase elevations are indicative of IgE-
mediated mast cell activation and correlate with the clinical severity of the reaction
(Clement, 2018; Laroche, 2005; Schwarz, 2006).

Therefore, the ESUR guidelines suggests serum tryptase measurements following a
suspected immediate hypersensitivity reaction. The minimum recommendation is one
sample 1 to 2 hours after the reaction point. Ideally, three samples should be obtained, the
first one once this histamine release is underway, the second at 1 to 2 hours after the
reaction, and the third at 24 hours or during convalescence (ESUR, 2018). The recently
published practice guideline by the European Academy of Allergy and Clinical Immunology
(EAACI) considers tryptase determination in the acute phase useful for confirming IHR to
CM, if a transient increase is detectable (strong/moderate) (Torres, 2021). It is advised to
measure tryptase within 4 hours of the acute event.

Basophil Activation Test (BAT)

The BAT technique is based on detection of activation of basophils with flow cytometry.
CD63 expression serves as a unique marker for identifying activated cells. The technique
requires a small amount of fresh blood, less than 0.1 mL. The CD63 marker is located to the
same secretory granule that contains histamine; in principle, histamine production could
also be used as a marker of basophil activation, but determination of histamine is more
cumbersome than detecting CD63 upregulation (Hoffmann, 2015).

BAT has shown its usefulness in diagnosing immediate hypersensitivity reactions to contrast
media. The use of BAT in acute reactions to GBCA demonstrated an excellent specificity
(93%) in the diagnosis of allergic immediate hypersensitivity to GBCA and a quite good
sensitivity (69%). It was concluded that BAT remains especially useful for patients with
uncertain diagnosis and to confirm a positive ST result (Kolenda, 2018).

Three studies published on the diagnostic value of BAT regarding CM. The sensitivity ranged
from 46 to 63%, while specificity varied between 89 and 100% (Pinnobphun, 2011; Salas,
2013; Trcka, 2008). Pinnobphun et al. also reported an area under the ROC curve of 0.79 by
using the stimulation index as the diagnostic criteria with 1:100 dilution of radiocontrast
media (Pinnobphun, 2011).

Thus, BAT can be a complementary tool to diagnose IHR to CM (Brockow, 2020), showing
good correlation with ST and DPT results (Salas, 2013). Since it is an in vitro test, it may be
especially useful in cases with severe reaction and contraindications for ST or DPT (Brockow,
2020). However, there are several limitations to consider. The NPV has not been clearly
determined (Decuyper, 2017) and that certain factors may affect BAT result, such as the
time between the reaction and the test or the severity and type of reaction (Salas, 2013). In
addition, it has to be considered that more than 10% of patients have non-reacting basophils
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(i.e., the positive control remains negative), rendering this test unsuitable for these patients
at that time. Lastly, BAT is currently only available in specialized drug allergy centres in the
Netherlands. The EAACI practical guidelines (Torres, 2021) consider BAT an additional tool
for diagnosing patients with IHR with severe reactions or those with high risk (weak/low).

2. Nonimmediate/late hypersensitivity reactions (NIHR)

Lymphocyte Transformation Test (LTT)

LTT is not recommended at the acute stage, but after 4-8 weeks after remission (Hari, 2011)
and within 2 -3 years after the reaction (Pichler, 2004). Corticosteroids in doses higher than
0.2 mg/kg prednisone equivalent and other immunosuppressive or immunomodulatory
agents may interfere with the test. A NPV for LTT in NIHR to CM is not available. As
radioactive materials have been banned in many laboratories, the use of "modified non-
radioactive LTT" will be a better choice.

The LTT is recommended as an additional diagnostic tool in selected cases with
contraindications for STs (weak/low). It should only be performed by experienced physicians
(weak/low) (Torres, 2021). Unfortunately, LTT is currently not available in any allergology
centre in the Netherlands. Alternative in vitro tests such as the OX40 test are still under
development.

Recommendations

Measure serum tryptase, preferably between 1-2 hours (range 15 minutes to 4 hours)
from the start of all moderate to severe immediate hypersensitivity reactions to contrast
media. This measurement serves as a baseline for further allergologic examinations.

*See also flow charts

Basophil activation tests are reserved for selected patients with moderate to severe acute
hypersensitivity reactions and are only available in specialized drug allergy centres.

For nonimmediate hypersensitivity reactions there are no meaningful in vitro tests
available in the Netherlands.
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Module 7.2 Diagnostic Value of Skin Testing for Hypersensitivity Reactions to Contrast
Media

This is an update of module 4 of the previous guideline Safe Use of Contrast Media part 2.

Clinical question

What should be done in patients with a history of hypersensitivity reactions after contrast
media administration, to decrease the risk of developing a recurrent hypersensitivity
reaction?

Introduction

Hypersensitivity reactions to contrast media (CM) have traditionally been classified as non-
allergic reactions, and skin tests have been regarded as inappropriate tools in patients
having experienced such reactions. However, during the last years several investigators have
reported positive skin tests in patients with both immediate and nonimmediate
hypersensitivity reactions after CM exposure, which indicates that immunological
mechanisms may be involved more frequently than previously thought (Brockow, 2009 and
2020). In this chapter the diagnostic value of cutaneous tests for CM hypersensitivity
reactions is assessed, which may serve as a more valid alternative to prophylactic
medication for CM reactions. Furthermore, the working group evaluates whether these skin
tests should be recommended in clinical practice, and under which conditions.

Search and select
A systematic review of the literature was performed to answer the following question: What
is the diagnostic value of skin testing for hypersensitivity reactions to contrast media?

P (patient category):  Patients with hypersensitivity reactions after radiological
examinations with contrast media

I (intervention): Cutaneous tests: skin test, patch test (PT), intradermal test (IDT), skin
prick test (SPT) or scratch test

C (comparison) Clinical diagnosis of hypersensitivity reaction after contrast
administration

R (Reference) Drug provocation test

O (outcome) Correctly confirmed diagnosis of hypersensitivity reaction to contrast

media (sensitivity, specificity, area under the curve, positive
predictive value, negative predictive value)

Relevant outcome measures

The working group considered sensitivity and specificity critical outcome measures for the
decision-making process; and considered the area under the curve and the positive and
negative predictive values important outcome measures.

Search and select (Methods)

On April 22", 2021, a systematic search was conducted in the databases Embase
(embase.com) and Medline (OVID) from 2017 onwards, using relevant key words for
systematic reviews, RCT’s, observational studies and other study designs about
hypersensitivity reactions after contrast media. Specifically, the value of serum and/or urine
tests, either skin tests or prophylactic measures were sought. The literature search yielded
400 unique references.
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Studies were selected based on the following criteria:

. Adult patients with 21 hypersensitivity reaction(s) to contrast media

° Evaluation of diagnostic properties of cutaneous tests to contrast media

. Application of a provocation test to confirm results of cutaneous testing

. Reports predefined outcome measures: sensitivity, specificity, area under the curve,
positive predictive value, negative predictive value

. No reports of case series or exploratory findings (n = 10)

Based on title and abstract, a total of twenty-one studies were selected. After examination
of full text, a total of eighteen studies were excluded and three new studies to the earlier
synthesis of 2017 were included in the literature summary. Reason for exclusion is reported
in Table of excluded studies which can be found in the supplementary document Appendices
to modules.

Three studies were added to the literature analysis of 2017. Important study characteristics
and results are summarized in the evidence tables. The assessment of the risk of bias is
summarized in the risk of bias tables. Two studies (Kim, 2017; Schrijvers, 2018) did not fulfil
the predefined selection criteria but described the negative predictive values of IDT and skin
tests in patients who had a hypersensitivity reaction after CM administration. Since these
studies did not fulfil the selection criteria and did not include a comparison to a reference
test, only descriptive data of these studies was shown, and evidence tables and risk of bias
tables of these studies are not included.

Summary of literature

Description of studies

1. Diagnostic characteristics of cutaneous tests for immediate HSR

The diagnostic characteristics of cutaneous tests for acute (immediate) hypersensitivity
reactions (HSR) to contrast media (CM) were evaluated in 4 studies (Caimmi, 2010; Kim,
2013; Salas, 2013; Sesé, 2016).

Caimmi (2010) studied 159 patients. Patients were tested with the culprit iodine-based
contrast medium (ICM) and a set of other ICM if they were positive for the culprit ICM or if
its name was unknown. To know which ICM was involved, either patients already knew
which drug had supposedly caused the reaction, or the authors contacted the hospital in
which the reaction had occurred. The ICM used were: amidotrizoate, ioxithalamate,
iopamidol, iohexol, ioversol, iopromide, iomeprol, iobitridol, iodixanol and ioxaglate. Skin
tests were performed firstly as prick tests with the undiluted commercially available solution
and then, if negative, by intradermal tests (IDT) at a 1: 10 dilution. Prick tests were
considered positive if, after 15 min, the size of the weal was at least 3 mm in diameter. For
IDT, positivity was considered when the size of the initial weal increased by at least 3 mm in
diameter after 15 to 20 min, considering as non-irritant a maximum dilution of 1/10. The
negative predictive value was defined as the proportion of patients with negative skin test
results to at least one ICM at first testing who had a further injection with that ICM without
reacting. One hundred participated (75.5% participation rate). Seventy-one of them (59.2%)
were females of a median age of 56 (45-65) years. Most of the reactions were immediate
(101 out of 120, 84.2%), and in two cases, it was not possible to assess whether the reaction
was immediate or nonimmediate. For immediate reactions, 42 (41.6%) were of grade 1, 34
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(33.7%) of grade 2, 20 (19.8%) of grades 3 and five (4.9%) of grade 4. Only one (5.9%) of the
17 nonimmediate reactions was moderate, all the others were mild (16 to 94.1%).

Kim (2013) retrospectively included 1048 patients. The mean (SD) age was 55.1 (14.5) years;
501 (47.8%) were male. Intradermal test with the RCM that was to be used in the pending
nonionic CM-enhanced CT was performed just before the CT examinations. The nonionic CM
used was iopromide, iomeprol, iohexol, and iodixanol. Intradermal tests were conducted on
the volar surface of the forearm with a negative control, saline. A 1:10 solution of contrast
medium (0.03 to 0.05 mL), which has been accepted as a non-irritating concentration, was
gently injected into the skin to produce a small superficial bleb of 2 to 4 mm. Skin test
positivity was determined when the diameter of the wheal increased by at least 3 mm, and
surrounding erythema was observed after 15 to 20 minutes. If a patient had a negative
response to skin tests, CT was performed as scheduled (provocation). Of the 376 patients
previously exposed to CM, 61 (16.2%) had a history of at least 1 mild CM-associated
reaction: 56 (91.8%) had immediate and 5 (8.2%) nonimmediate reactions.

Salas (2013) included 90 patients with a history of immediate HSR after contrast media (CM).
Immediate HSR was classified according to the Ring and Messmer scale. Skin tests (ST) were
carried out using the following CM: iobitridol, iomeprol, iodixanol, iohexol, ioversal,
iopromide and ioxaglate. Prick tests were performed using undiluted CM and IDT using 10-
fold dilutions. In those with a negative ST, a single-blind placebo-controlled provocation test
was performed with the CM involved, as described. In patients with a positive ST and/or
provocation test, a basophil activation test (BAT) was performed with iohexol (3; 0.3 mg/ml),
iodixanol (3; 0.3 mg/ml), iomeprol (3.5; 0.35 mg/ml) and ioxaglate (5.8; 0.58 mg/ml) (based
on dose—response curves and cytotoxicity studies). The median age of the subjects
evaluated was 54.50 £ 27 years; 63 (60%) were women. The CM involved in the reaction was
iomeprol in 26 cases (28.89%), iodixanol in 19 (21.11%), iohexol in 11 (12.22%), iopromide in
9 (10.00%) and unknown in 25 (27.78%). According to the clinical history, most cases
developed reactions with skin involvement (65.65% urticaria/ angioedema and 30%
generalized erythema), and only 4.44% had airway or cardiovascular involvement. Regarding
symptom severity, 69 cases (76.71%) had grade | reactions, 18 (20%) grade Il and 3 (3.33%)
grade lll. No patients had grade IV reactions.

Sesé (2016) included 37 patients with a definite history of immediate HSR due to iodine-
based contrast media (ICM). Immediate HSR was classified according to the Ring and
Messmer scale. Skin tests were performed at least 6 weeks after the HSR on the volar
forearm with the suspected ICM and with four other ICM. Skin prick tests (SPTs) involved
freshly prepared undiluted ICM commercial solutions, and intradermal tests (IDTs) were
performed successively with 100-fold and then 10-fold solution diluted in 0.9% sterile saline.
Saline and chlorhydrate histamine were negative and positive controls, respectively. In total,
37 patients (24 women, mean age 49.3 years at the time of the reaction) completed the
tests. The clinical severity of the reaction was grade | for 26 (70%), grade Il for 4 (11%), and
grade Il for 7 (19%); 35 (95%) reported skin or mucosal symptomes, including pruritus (n =
11), facial erythema (n = 6), generalized erythema (n = 20), urticaria (n = 7), and angioedema
(n=5).

2. Diagnostic characteristics of cutaneous tests for non-immediate HSR
The diagnostic characteristics of cutaneous tests for delayed (nonimmediate)

hypersensitivity reactions (HSR) to iodine-based contrast media (ICM) was evaluated in one
study (Torres, 2012).
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Torres (2012) included a total of 161 subjects with a history of a nonimmediate reaction
imputable to at least one CM was evaluated. One patient who developed Stevens—Johnson
syndrome was not included. The median age was 58.5 years (IR: 48.85 to 66.5) with 82 men
(50.9%). According to the information obtained from the clinical history, the CM involved in
the reaction were iomeprol in 53 (32.9%), iodixanol in 46 (28.6%), iohexol in 27 (16.8%),
iobitridol in 4 (2.5%), ioversol in 3 (1.9%), iopromide in 3 (1.9%), ioxaglate in 2 (1.2%) and
unknown in 23 (14.3%). According to the clinical history, 108 cases (67.1%) developed
symptoms compatible with exanthema and 53 (32.9%) with delayed urticaria. Regarding
symptom severity, 16 cases (9.9%) had mild reactions, 143 (88.8%) moderate reactions, and
2 severe reactions (1.2%) consisting of desquamative exanthema. Concerning the number of
episodes, 132 cases (82%) had one episode and 29 cases (18%) two episodes.

3. Other tests

Three studies analysed different tests to determine hypersensitivity to contrast media (Kim,
2019; Meucci, 2020; Schrijvers, 2018).

Kim (2019) in a prospective cohort studied 36 patients with a history of immediate adverse
drug reactions to radiocontrast media (RCM), presenting at the Allergy and Asthma Clinic of
Severance hospital in South Korea from 2017 to 2018. Mean age was 57.3 + 13.9 years and
69.4% (n=25) was female. The index test was intradermal testing (IDT) with diluted (1:10)
RCM: iobitridol, iohexol, iopamidol, iopromide, and iodixanol. The IDT was considered
positive when the diameter of the initial wheal had increased 23mm and was surrounded by
erythema, confirmed at 20 minutes and at 3 days after IDT. The comparator test was similar
to the index test, only performed with undiluted RCMs. No reference test was performed.

Meucci (2020) studied retrospectively 98 patients with previous reactions to iodinated
contrast media (ICM) presented at the Allergology Unitin a hospital in Italy, from 2015 to
2018. Median (range) age was 65.6 (23-90) years and 54.2% (n=53) was female. The index
test was the (less sensitive) skin prick test with undiluted ICMs: iohexol, iopromide,
iodixanol, iopamidol, and ioversol. The skin test was considered positive when the diameter
of the initial wheal had increased 23mm and was surrounded by erythema after 15 minutes.
Furthermore, a distinguishment was made between immediate hypersensitivity reactions
(IHR) (<1 hour after ICM administration) and delayed hypersensitivity reactions (DHR) (>1
hour after ICM administration). The comparison test was an IDT with diluted (1:10) ICM:
iohexol, iopromide, iodixanol, iopamidol, and ioversol. The IDT was considered positive
when the diameter of the initial wheal had increased 23mm and was surrounded by
erythema after 20 minutes. The reference test was a DPT, where the choice of ICM was
based on the following: in case of a mild, recent (<12 month) reaction with negative skin
tests for the culprit ICM, the DPT was performed with the culprit ICM. In case participants
refused administering of culprit ICM, or if culprit ICM was unknown, another ICM was
chosen. A subgroup of patients was re-exposed to ICM as part of their regular medical care;
this re-exposition was used as a reference test to analyse their entire diagnostic protocol
(skin tests + DPT).

Schrijvers (2018) in a retrospective cohort studied 597 patients with a history of ICM-
mediated drug hypersensitivity reaction, presenting at the Allergy Department of the
University Hospital, France, February 2001 to September 2014. Median (range) age was 60
(13-92) years and 68.0% (n=406) was female. The index test was a skin prick test with
undiluted ICM: amidotrizoate, ioxitalamate, iopamidol, iohexol, ioversol, iopromide,
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iomeprol, iobitridol, iodixanol, and ioxaglate. The skin test was considered positive when the
diameter of the initial wheal had increased 23mm and was surrounded by erythema after 15
minutes. When the skin test was negative, and intradermal test (IDT) was performed as well.
The IDT was considered positive when the diameter of the initial wheal had increased 23mm
and was surrounded by erythema after 20 minutes. No reference test was performed, but
re-exposure to a skin test negative ICM occurred in 233 (39%) patients as part of their
regular medical care.

4. Hypersensitivity reactions to gadolinium-based contrast agents (GBCA)

For GBCAs there was even less literature available, as hypersensitivity reactions to these
agents are infrequent with an estimated prevalence of 0.004%-0.7% (Ahn, 2022). Skin tests
are performed only in case reports or small case series and outcome measures as NPVs can
therefore not be calculated (Gallardo-Higueras 2021, Griiber 2021). As pathogenetic
mechanisms for GBCA-mediated hypersensitivity reactions are considered similar to those
elicited by ICM and skin tests are performed according to comparable protocols, the
recommendations for GBCA are extrapolated from those for ICM.

Results
Due to the heterogeneity in study designs, reported outcomes and follow up times, pooling
of data could not be performed.

1. Diagnostic characteristics of cutaneous tests for immediate HSR

Caimmi (2010) revealed that ICM skin tests were positive in 21 patients (17.5%). Seventeen
of them (80.9%) had a history of immediate reaction (four with grade 1, eight grade 2, four
grade 3 and one grade 4). Prick tests were all negative. IDT were positive at 20 min for 15
patients with an immediate history and for the patient with unknown chronology. Caimmi
(2010) found one single false negative; the negative predictive value of ICM skin tests was
96.6% (95% Cl: 89.9 to 103.2).

Kim (2013) showed that among the 1046 patients who had negative responses on skin tests,
52 (5.0%) showed immediate-type adverse reactions after CT using radio contrast media.
However, most reactions were mild and cutaneous, such as pruritus, urticaria, and mild
angioedema. Only 1 patient (0.1%) had a grade |l moderate immediate reaction
accompanied by breathing difficulty and mild laryngeal oedema, which were relieved with
an antihistamine. The negative predictive value of the pre-screening skin test for immediate
hypersensitivity reactions before contrast media administration was 95.0%. The negative
predictive value of the skin test for immediate hypersensitivity reactions in patients with a
history of contrast media hypersensitivity reactions was 80.3% (n=49/61) and that in
patients without a history was 95.9% (n= 945/985).

Salas (2013) showed that five subjects (5.56%) had a positive skin test: three by prick test
(one to iodixanol, one to iomeprol and one to iohexol) and five by intradermal testing (four
to iohexol, three iodixanol and two to iomeprol). In cases with a negative skin test to all CM
tested (N = 74), provocation test was carried out with the culprit CM if known, being positive
in three cases: one to iodixanol, one to iomeprol and one to iodixanol, iohexol plus iomeprol.
In total, 11 patients with a negative ST refused to undergo a provocation test, resulting in a
negative predictive value to immediate hypersensitivity reactions of 95.26%. Eight (8.9%)
cases were confirmed as having IHR, 5 (62.5%) by ST and 3 (37.5%) by provocation test. Five
from those confirmed as IHR (62.5%) had a positive BAT.
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The rate of a positive skin test in the study of Sesé (2016) was 13.5% (95% Cl 4 to 29%) and
increased to 20% (95% Cl 4 to 48%) for patients who consulted during the year after the
HSR. Among the 32 patients with negative skin test results, 31 were challenged successfully,
15 with the culprit ICM. One grade | reaction occurred 2 h after challenge (generalized
pruritus, erythema, and eyelid oedema lasting < 1 h) and was considered a positive
intravenous challenge result. At 2 h after provocation test, two patients reported
generalized and isolated pruritus that regressed with antihistamine therapy and was not
considered a positive IPT result. None of five patients with positive skin test to ICM were re-
exposed to contrast media during radiologic examination, positive predictive could not be
calculated. For an immediate HSR to ICM, the negative predictive value for skin tests with
low dose was 80% (95% Cl 44 to 97%).

2. Diagnostic characteristics of cutaneous tests for nonimmediate hypersensitivity reactions

In Torres (2012), 34 subjects (21.1%) developed a positive delayed reading of the
intradermal tests (13 at 1/10 dilution and 29 undiluted). Of these, 27 were skin-test positive
to just one CM, 6 to two CM and 1 to three. The immediate reading of the intradermal tests
was negative in all cases. The skin test was positive to iomeprol in 21 cases (50%), to
iodixanol in 7 (16.7%), to iobitridol in 5 (11.9%), to ioxaglate in 4 (9.5%), to iohexol in 3
(7.1%) and to iopromide in 1 (2.4%). In the 34 cases with a positive intradermal test, 10 also
had a positive patch test. No positive patch tests were detected in the patients with negative
intradermal results. In the patients with a negative skin test to all the CM tested (N = 127), a
provocation test was carried out with the CM involved. Provocation test was positive in 44
cases (34.6%), 19 to one CM and 3 to two CM. Thirty-eight cases (76%) were positive to
iodixanol, 8 (16%) to iomeprol and 4 (8%) to iohexol. The time interval between
administration and symptom development was: 1to 6 h (13 cases), 7 to 12 h (27 cases), 13
to 24 h (68 cases), 25 to 48 h (41 cases) and > 48 h (12 cases).

3. Other tests

Meucci (2020) (n=98) reported NPV for skin tests of 96.2% for immediate hypersensitivity
reactions and 58.8% for delayed hypersensitivity reactions, in favour of immediate
hypersensitivity reactions (p<0.0001) when administering ICM different than the culprit.
Furthermore, the NPV for the drug provocation test with culprit ICM was 50%. The NPV for
the total diagnostic protocol was 92.3%, for patients undergoing a drug provocation test and
exposure to the same ICM in a real-life setting.

4. Hypersensitivity reactions to gadolinium-based contrast agents (GBCA)

Results not reported.

Quality of evidence

The level of evidence towards the outcome measure diagnostic characteristics of
cutaneous tests for HSR was graded as very low due to high risk of bias (see Risk of Bias
table in the Supplement ‘Appendices to modules’, downgraded by two points) and low
number of patients (imprecision downgraded by one point).

Conclusions
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The negative predictive value of the cutaneous test is estimated to be 80 to
97% for immediate hypersensitivity reactions to contrast media.

Very Low

GRADE The negative predictive value of the cutaneous test is estimated to be 58-86%

for nonimmediate hypersensitivity reactions to contrast media.

Caimmi, 2010; Kim, 2013; Meucci 2020; Salas, 2013; Sesé, 2016, Torres, 2012

Justifications — evidence to decision

In a meta-analysis of skin testing the pooled per patient positivity rate increased with the
severity of the hypersensitivity reaction, and skin testing was especially useful in more
severe reactions (Yoon, 2015).

The status of skin testing in immediate HSR to ICM has recently been summarized excellently
by the European Association of Allergy and Clinical Immunology (EAACI) in their Practice
Parameters 2021 (Torres, 2021), and the committee decided to adhere and follow these
recommendations that are outlined below. The same can be followed for immediate HSR to
GBCA.

Testing will adhere to the general European Network of Drug Allergy — European Association
of Allergy and Clinical Immunology standards (Brockow, 2002; Brockow, 2013; Torres, 2021).
Intradermal testing has high sensitivity to identify allergic hypersensitivity reactions
(Trautmann, 2019).

Non-severe nonimmediate HSR is often an MPE, which is self-limiting and resolves within 7
days (Bellin, 2011). In case of nonimmediate HSR the negative predictive value of skin
testing is considerably lower than in immediate HSR (Caimmi, 2010; Kim, 2013; Meucci 2020;
Salas, 2013; Sesé, 2016; Torres, 2012).

Because of the mild symptomatic burden of these patients and the limitatons of allergologic
skin testing the committee decided to not adhere to the EAACI guideline (Torres, 2021) and
recommend against referral for skin testing in these patients.

It is the GDG opinion that change of CM is a more effective approach in patients with non-
severe non-immediate HSR. Thereby it is important to note that nonionic dimeric ICM induce
significantly more often cutaneous NIHRs than nonionic monomeric ICM. In fact, more than
50% of MPE are induced by the iso-osmolar ICM (Torres, 2021)

A) Immediate Hypersensitivity Reactions

Recommendations how to perform skin testing:

. When to test: STs are preferably performed within 2-6 months after the reaction.
Performing STs < 1 month or > 12 months is expected to lower sensitivity.
. What to test: STs should be performed with the ICM involved in the reaction if known.

If the result is positive or if the culprit ICM is unknown, STs should be performed with
the broadest possible panel of ICM.

) How to test: ICM should be used undiluted at 300- 320 mg/mL for SPT and diluted at
1:10 for IDT. Addition of undiluted IDT may increase sensitivity but should be
interpreted with caution. STs should start by performing SPT and, if negative, continue
with IDT.
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B) Nonimmediate hypersensitivity reactions

Recommendations how to perform skin testing:

° When to test: for non-SCAR reactions, more than 4 weeks after the skin lesions have
resolved but ideally within th