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Summaryof Recommendations

Summary of recommendations dflypersensitivity Reactions to CM

Module 1:Clinical question

What is the optimal treatment for acute hypersensitivity reactiafier administration ottontrast

media?

Recommendations

Preparation:

1 Have the drugs (as a minimum requiremesndirenaline, salbutamol, Hantihistamine
(clemastine)V, and corticosteroidV (for exampleprednisolone)), equipment and
protocol for treatment of an acute adverse reaction readily available in every room
where contrast agents are administered.

1 Adhere to local protocols for accessibility of a resuscitation and emergency respon
team.

1 Keep evey patient with an acute hypersensitivity reaction to CM in a medical
environment for at least 30 minutes after contrast agent injection. Moderate and se
reactions need a prolonged observation.

Acute management general principles:

Check andtabilize patient according to the ABCDE method

Stop infusing contrast agent and repldsdine with crystalloid.

Dyspnoeaor stridor: let patient sit up

Hypotension: keep patient in prone position, raise legs

Consider measuring serum tryptase (seeommendations in chapter Laboratory

Diagnosis of Hypersensitivity Reactions to Contrast Media)

1 Record acute allergic reactions in allergy registry (see chapter Organization of
Healthcare)

Note: After administration of clemastine the patient may no lemige able (or insured) to

drive a car/motorcycle or to operate machinery.

=4 =4 -8 -8 9

Severe reactions:

Cardiac or respiratory arrest:

{ Start CPR

i Call the CPR team.

Anaphylactic reaction or stridor:

Call rapid response team (S€am).

Give oxygen 1@ 15L/min with nonrebreathng mask

Give 0.5mg adrenalind/ in lateral upper thigh

Give fluid bolus of crystalloid 500fMin 10 minutes, repeat as necessary.
Consider nebulizingith salbutamol 5mg obudesonide 2mg for stridor
Give clemastine 2mly, repeat as necessary

Consider addingorticosteroid for exampleprednisolone 50mdjv*).

= =4 -8 -8 _a_a_19

*QOr equivalent dose of other corticosteroid
50 mg prednisolone is equivalent to:

1 40 mg methylprednisolone

1 8mg dexamethasone

9 200mg hydrocortisone
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*Consider adding corticosteroids to prevent protracted or biphasic anaphylactic reactio
initial symptoms are severe.

Moderate reactions:

Consider transferring the patient to a department with facilities for monitoring of vital

functions.

Isolated bronchospasm:

1 Salbutamol 2.%50 5mg nebulization imxygen by facemask 6 15 L/min (nebulization
is easier to administer and more effective than dose aerosol).

1 In mild cases asthma patients may use their own salbutamol dose aerosol.

1 In case bdeterioration give adrenaline 0.5nlyl and consider call rapid response tea

Isolated facialoedemawithout stridor:

I Give oxygen 1@ 15L/minvia anon-rebreathing mask

1 Give clemastine 2miy.

i If oedemais severe or near airways or if stridor develops: treat as anaphylaxis

Isolated urticaria/diffuse erythema:

1 Give clemastine 2mky.

i If accompanied by hypotension: treat as anaphylaxis

Isolated hypotension:

9 Give bolus of crystalloid 5001V, repeat as necessary.

9 If accompanied by bradycardia, consider atropine 0.5vhg

i If accompanied by other symptoms: treat as anaphylaxis

Mild reactions

General:

I Mild reactions may only need reassurance

1 Observe vital signs until symptoms resolve

1 Do not remove iv access during observation

Consider:

1 Prescribing a nosedating antihistamingpr exampledesloratadinesmgPO(once daily
for mild allergic reactions

I Ondansetron 4md\V for protractedvomiting.

Module 2:Clinical question
What is the optimal treatment for late hypersensitivity reactions to contrast media?

Recommendations

Warn patients who have had a previous hypersensitivity reaction to contrast media, th
late hypersensitivity reaction may be possible, usually a skin reaction.

Patients should contact their general practitioner if they have alggersensitivity reactior
after CM administration.

Considelinformingthe radiology departmenivhere the CM was administerexbout the
occurrenceand symptom®f a late hypersensitivity reaction after CM administration.

When the symptoms of a lateypersensitivity reaction are mild, a waihd-see approach
can be justified.
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Treat late hypersensitivity reactions symptomatically.
Consider treatment of skin reactions with oral or topical corticosteroids.

When severe symptoms develop, such as generalized pustulosis or painful cutaneous
blisters, refer the patient to a dermatologist.

Module 3:Clinical question
What is the diagnostic value tafboratorytesting for hypersensitivity reactions to contrast media?

Recommendations
Do not perform a Basophil Activation Test routinely in all patients with a history of
hypersensitivity reactions receiving contrast medium.

Measure serum tryptase betweentd 2 hours from the start of all moderately severe to
severe acute hypersensitivity reactions to contrast media.

\ When tryptase is elevated, refer the patient to a drug allergy specialist. \

Module 4:Clinical question
What is the diagnostic value skin testing for hypersensitivity reactions to contrast media?

Recommendations
Do not perform skin tests routinely after every hypersensitivity reaction to a contrast
medium.

Refer the patient to a specialist in drug allergy to perform skin t@#tsn 6 months after

the hypersensitivity reactiom the followingpatient groups

w Severe hypersensitivity reactions to a contrast medium.

w Hypersensitivity reactions with increased tryptase levels.

w Hypersensitivity reactions to 2 or more diffetesontrast media of the same typéof
example2 different iodinebased CM) or to 2 or more types of contrast mediaa (
exampleiodine-based CM and gadolinitdmased CA).

Always pecify the used contrast agent in the referral.

Refer the patient to a&pecialist in drug allergy to perform skin tests in all patients with
breakthrough hypersensitivity reactions despite premedication with corticosteroids and
antihistamines.

Module 5:Clinical question
Which prophylactic measures should be taken in patients with increased risk of hypersensitivity
reactions after contrast administration?

RecommendationgSee also Flowcharts- %)

| Patients with gorevious (acutehypersensitivity reaction to enown ICM or GBCA

A Elective (plannable) examinations with ICM or GBCA

In all patients with a (documented) history of a hypersensitivity reaction to an idshsed
or gadoliniumbased CM, consider an alternative imaging modality. When this is not
possible, consider performing unenhanced exam, if this has an acceptableicediunct
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| diagnostic quality.

If the previous hypersensitivity reaction was mild:

I Choose a different ICM or GBCA*

f Observethepatienk on YAY @gAGK L+ Ay LI I OS
i Be vigilant to react to a possible new hypersensitivity reaction

If the previoushypersensitivity reaction was moderate:

1 Choose a different ICM or GBCA*

! Observethepatienk on YAY @gAGK L+ Ay LI I OS
I Be vigilant to react to a possible new hypersensitivity reaction

In cases of doubtful severity consider referring the patient to a drug allergy specialist f
allegologic skin testing with a panel of different iodin@sed or gadoliniuabased CM.

If the previous hypersensitivity reaction was severe:

9 If clinically reagnable, defer the imaging study until results of allergologic skin testin
are available

1 Refer the patient to a drug allergy specialist for allegologic skin testing with a pane
different iodinebased or gadoliniurbased CM

1 Apply the advice of the drug allergy specialvith regard tochoice of alternative CM
and use of premedicatioim future examinations

9 If no or positive advice for premedicatioAremedicate with 2 x 25 mg prednisolone
PO/IV** 12h and 2h before CM administration and 2mg clemastine 1V within 1h bef
CM administration.

f Observethepatienk on YAY @6AGK L+ Ay LI I OS

i Be vigilant to react to a possible nédwypersensitivity reaction

B Acute (within hours) or emergency (direct) examinations with ICM or GBCA

In all patients with a (documented) history of a hypersensitivity reaction to an idutised
CM, consider an alternative imaging modality. When thisispossible, consider
performing unenhanced exam, if this has an acceptable reduction in diagnostic quality

If the previous hypersensitivity reaction was mild:

1 Choose a different ICM or GBCA*

f Observethepatienk on YAY @6AUGK L+ Ay LX I OS
f Bevigilant to react to a possible new hypersensitivity reaction

If the previous hypersensitivity reaction was moderate:

1 Premedicate with 50 mg prednisolone IV** andn? clemastine IV within 30min befor
CM administration

1 Choose a different ICM @BCA*

f Observethepatienk on YAY @GAUK L+ Ay LI I OS

i Be vigilant to react to a possible new hypersensitivity reaction

If the previous hypersensitivity reaction was severe:

1 Premedicate with 50 mg prednisolone IV** and 2mg clemastine 1V within 30min be
CM administration

1 Choose a different ICM or GBCA*

f Observethepatienk on YAY gAGK L+ Ay LI I OS
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\  Be vigilant to react to a possible new hypersensitivity reaction

Il Patients with gprevious (acutehypersensitivity reaction to annknown ICM or GBCA

A Elective (plannable) examinations with ICM or GBCA

In all patients with a (documented) history of a hypersensitivity reaction to an iduhsed
or gadoliniumbased CM, consider an alternative imaging modality. When this is not
possible, consider performing unenhanced exam, if this has an acceptable reduction it
diagnostic quality.

If the previous hypersensitivity reaction was mild:

9 Proceed withthe radiologic examination normally

f Observethepatienk on YAY @AGK L+ Ay LI I OS
i Be vigilant to react to a possible new hypersensitivity reaction

If the previous hypersensitivity reaction was moderate:

9 Proceed with the radiologic examination normally

f Observethepatienk on YAY @AGK L+ Ay LI I OS
i Be vigilant to react to a possible new hypersensitivity reaction.

In cases of doubtful severity consider referring the patient to a drug allergy specialist f
allergologic skin testing with a panel offdient iodinebased or gadoliniuabased CM.

If the previous hypersensitivity reaction was severe:

9 If clinically reasonable, defer the imaging study until results of allergologic skin test
are available

i Refer the patient to a drug allergy specialist for allergologic skin testing with a pang
different iodinebased or gadoliniurbased CM

1 Apply the advice of the drug allergy specialgh regard tochoice ofpossibleCMand
use of premedicatioin future examinations

1 If no or positive advice for premedicatioRremedicate with 2 x 25 mg prednisolone
PO/IV** 12h and 2h before CM administration and 2mg clemastine IV within 1h bef
CM administration.

f Observethepatienk on YAY @6AUGK L+ Ay LX I OS

 Be vigilant to react to a possible new hypersensitivity reaction.

B Acute (within hours) or emergency (direct) examinations with ICM or GBCA

In all patients with a (documented) history of a hypersensitivity reaction to an idutsed
or gadoliniumbased CM, consider an alternative imaging modality. When this is not
possible, consider performing unenhanced exam, if this has an acceptable reduction it
diagnostic quality.

If the previous hypersensitivity reaction was mild:

9 Proceed with theadiologic examination normally

f Observethepatienk on YAY @GAUK L+ Ay LI I OS
i Be vigilant to react to a possible new hypersensitivity reaction.

If the previous hypersensitivity reaction was moderate:
1 Premedicate with 50 mg prednisolone IV** and 2mg clemastine 1V within 30min be
CM administration
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1 Proceed with the radiologic examination normally
f Observethepatienk on YAY @AGK L+ Ay LI I OS
i Be vigilant to react to a possible néaypersensitivity reaction

If the previous hypersensitivity reaction was severe:

1 Premedicate with 50 mg prednisolone IV** and 2mg clemastine IV within 30min be
CM administration

1 Proceed with the radiologic examination normally

f Observethepatienk on YAY @6AGK L+ Ay LX I OS

 Be vigilant to react to a possible new hypersensitivity reaction

Il Patientswith previousbreakthrough reactioato ICMor GBCA

In patients with breakthrough hypersensitivity reactions to iodb@sed or gadolinium
based CM apply the same as above, but always refer the patient to a drug allergy spe
for allergologic skin testing with a panel of different ICM or GBCA.

IV Patients withprevioushypersensitivity reactions to multiple CM

In patients with hypersensitivity reactions to multiple iodihased or gadoliniuabased CM
(either 2 or more different iodindsased CM or gadoliniuimased CA or to an iodifdgased
CM and ayadoliniumbased CA) apply the same as above, but always refer the patient {

drug allergy specialist for allergologic skin testing with a panel of different ICM and GB

V_Patients with previous nesevere late hypersensitivity reactionsltoMor GBCA

In patients withprevious mild or moderate latkypersensitivity reactions to iodireased
CMor gadoliniumbased @ premedication is not recommended, even in acute or

emergency examinations.

Notes

\* Consider crosseactivity of iodinebased CM (see Introduction to this section, table 2). \

** Or equivalent dose of another glucocorticosteroid
25 mg or50 mg prednisolone is equivalent to:

I 20 mg or40 mgmethylprednisolone

1 4 mgor 8 mgdexamethasone

f 100 mg 0r200mghydrocortisone

Recommendationgor hypersensitivityreactionsafter non-vascularCMadministration

Small amounts of ICM or GBCA can be absorbed by mucosa and enter the systemic
circulation after all types of nonvascular CM administration.

Hypersensitivity reactions after nonvascular administration of ICM and GBCA can occt
their incidence is low to very low.

No preventive measures are indicated for ERCP or for noneasgeBICA administration.

For other indications using ICM no firm recommendations can be given for patients thg
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have experienced hypersensitivity reactions to CM in the past.

In patients that have experiencesgverehypersensitivity reactions to CM in tipast,
alternative imaging or contrast agents should be explored with the radiologist, and a st
indication for examinations using nonvascular CM administration is needed.

In patients that have experiencesgverehypersensitivity reactions to CM in tipast,
preventive measures for severe reactions as outlined in Module 5 may be followed prig
examinations using nonvascular CM administration, if possible after laboratory and ski
testing by a specialist in drug allergy prior to the examination.

Summary of Recommendations for GB&Ahancedimaging

Module 6:Clinical Question
How can P@KI be prevented in administration of GadoliniBased (Gd) Contrast Agents (GBCA)?

Recommendations

Useoptimal CM dosing based on patient weightiocal dosing protocols for diagnostic MF
examinations.

Do not use prophylactic measures to avoid the development eARIGnhigh-risk patients
(eGFR<30ml/min/1.73Mreceiving GBCiAtravenously at the appropriate dose.

Do not substitute ICM with GBCA in order to avoidMKCin computed tomography and/or
digital subtraction angiography.

Module 7:Clinical Question
a) Which patients are aisk for Nephrogenic Systemic Fibrosis (NSF)?
b) Which measures are necessary to prevent NephrodgsiemicHbrosis?

Recommendations

Use lowrisk (ionic and noionic)macrocyclicGBCAs for medical imaging in all patients.
Linear GBCAs have been associated Wil therefore, onsiderlinear agents only if a
macrocyclic agents cannot answer the diagnostic question

Make an individualrise SY SFA G Fylfeara gAGK (GKS LI
nephrologist to ensure a strict indication for gadolinkemhanced MRUsinglinear agents
in patients with eGFR < 30 ml/min/1.73m

For prevention of NSk patientswho arealready dependent ohaemodialysi®r peritoneal
dialysis the administration ofnacrocyclicGBCA does not have to be followeday
immediatehaemodialysisession.

To limit the amount of circulating GBCAhemodialysis patients thadministrationof
linear GBCAshouldbe followed immediately by ghighflux) haemodialysis sessipwhich is
repeated on the following two days.

In predialysis patients (eGFR<h8min/1.73m?) and peritoneal dialysis patients, the risk
NSF due tdinear GBCA should be weighed against the risk of placement of a temporar
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| haemodialysis catheter. |

Module 8:Clinical Question
What is the clinical relevance of gadolinidrased contrast agent (GBCA) induced T1w hyperintensity
of the nucleus dentatus and the globus pallidus in the brain?

Recommendations
Ensure a strict indication for gadolinivemhanced MRI and use EM#fiproved GCA in all
patients to minimize possible gadolinium deposition.

Guideline Safe Use of Contrast Mediatgar
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Summary of recommendations for other topics

Module 9:Clinical question

How can central venous catheters (CV@gnhodialysis catheters (HC), peripherally inserted central
catheters (PICC), and totally implantable venous access devices (TIVAD) be safely used for the
administration of intravenous contrast agents, particularly using power injectors and higher injection
rates for obtaining higlguality images?

Recommendations

Note: High quality of imaging is generally needed fordomntrast situations, such as in staging
studies in brain, head & neck, hepatobiliary, genitourinary or colorectal imaging.

Lower quality may be acceptable for higbntrast situations such as ialfow-up studies of lymph
nodes (lymphoma, testicular cancer) or in pulmonary or musculoskeletal imaging.

Use a power injector and a peripheral venous access catheter for IV contrast media
administration to obtairthe best level of quality afontrastenhanced imaging, especially
low-contrast situations (see Note).

When a peripheral venous catheter is unavailatleeck the position of the CYTIVAD, or
PICC line and its patency before and after the peingrcted contrast administration

Powerinjectable central venous catheters may be safely used for administration of CM
using a power injector, whemost recenrecommendations of the catheter mafacturer
are followed.

Powerinjectablehaemodialysi€atheters may be safely used for administration of CM us
a power injector, whemost recentrecommendations of the catheter manufacturer are
followed.

Especially in haemodialysis patients, veiagervation should weigh heavily in the choice
access for CM administratioWhen the use of peripheral vein for contrast administratig
in haemodialysis patients is inevitable, theins in the elbow fold should be used as muc
possible. Ithis is impossible, veins on the back of the hand or the use of dialysis fisty
contrast administration should be considered in consultation with a nephrologist

There is a risk of catheter tip migration of PICCs and TIVADs whernirpdtes] via a powe
injector in patients with a catheter tip position above the tracheobronchial angle.
When a powedinjectable PICC or TIVAD is used for CM administration, check the posit
the catheter tip withDX, CT or fluoroscopefore and aftepower-injection of CM.

When a poweiinjectable CVC, HC, PICC or TIVAD is used for CM administration with
injector, check the patency of the catheter after the procedure by manual flush of 20m
normal saline.

When a powetinjectable HC is usedrf@M administration, immediately after power
injection a patientspecific lock solution should be installed by a certified dialysis nurse.

See Appendix 1 for recommendations on flow rates and injection pressures for a large
number of commercially availédCVCs, HCs, PICCs, and TIVADs in The Netherlands.
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Module 10:Clinical question
What is the optimal treatment in contrast media extravasation?

Recommendations

Consider the following treatment options for contrast extravasation:

Try toaspirate the extravasated contrast medium through an inserted needle
Mark affected area

Use compresses, for relieving pain at the injection. site

Use pain killers

Elevate the affected extremity above the level of the heart.

=) =) == = =

Record contrast extravasation and treatment in the patient record (volubhé,
concentration, area, clinical findings).

Give the patient clear instructions when to seek additional medical care:

1 Any worsening of symptoms

9 Skin ulceration

1 Development of ap neurologic or circulatory symptoms, including gesthesi&.
i Give thepatient a patient information leaflet.

For severe extravasation injury:
1 Consult a plastic surgeon
9 Notify the referring physician.
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Samenvatting van Aanbevelingen in hitederlands

Samenvatting van aanbevelingen voor Overgevoeligheidsreacties na contrastmiddelen
Module 1:Uitgangsvraag

Wat is de optimale behandeling van acute overgevoeligheidsreacties na toediening van contrast

middelen(CM)?

Aanbevelingen

Voorbereiding

1 Zorg ervoor dat de medicat{gls minimumvereiste adrenaline, salbutamol, H1
antihistamincum (clemastine)V en corticosteroidlV (bijvoorbeeldprednisolon)),
uitrusting en protocol voode behandeling van een acute overgevoeligheidsreactie
gereed liggen in elke kamer waar contrastmiddelen worden toegediend.

7 Houd je aan lkale protocollen voor bereikbaarheid van een reanimatieeenspoed
interventieteam.

7 Houd elke patint met een acutevergevoeligheidsreactie na toediening van CM in €
medische omgevingedurendeminstens 30 minutema injectie van CM. Matige en
ernstige reacties behoevezenlangere observatietijd.

Acute manaiement, algemenerincipes:

Check and stabdeerde patiént volgens deABCDEnethode.

Stopmet toediening van CM en vervang infuldsor eenkristalloid.

Dyspreu of stridor: katpatientrechtop zitten.

Hypotense: houd patiént in liggendepositie, leg de benen hoger.

Overweeg hebepalenvanserum tryptaseZie aanbevelingen in moduleaboratory

Diagnosis of Hypersensitivity Reactions to Contrast Media)

1 Vermeldacuteovergevoeligheid®acties inde allerge registratie van het El&tronisch
Patiénten Dossigzie moduleOrganisatiorof Healticare)

N.B Na toediening vaclemastinekan het reactievermogen vade patiént sterk verminderd

zZijn. Patiént wordt afgeraden gedurende die tijd een voertuig te besturen of een machin

bedienen Patiént is strafbaar en vaak niet verzekerd biptexeelongeluk/ schade.

=) =) = == =

Ernstigereacties:

Cardial of respiratair arrest:

9 Startcardiopulmonaleeanimatie

9 Bel het reanimatiegeam.

Andfylactische reactie of stridor:

Belhet Spoed Interventie Teals|Fteam).

Geef zuurstoflOtot 15L/minviaeennon-rebreathing masler.

Geef0.5mg adrenalinéM in laterak bovenste deelan hetdijbeen.
Geefbolusvan eenkristalloid500mIIVin 10 minute, herhaal indien nodig
Overweeg verneveling metlbutamol 5mg obudesonide 2mgoor stridor.
Geef clemastine 2mdV, herhaal indien nodig

Overweeg toevoegeonorticosteroid b.v.prednisolon 50mg\V*)

= =4 =4 -8 8 -4 -

* Of equivalente dosis van een ander corticosteroid
50 mg prednisolon is equivalent aan:

I 40 mg methylprednisolone

I 8mg dexamethasone

Guideline Safe Use of Contrast Mediatgar
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\ 200mghydrocortisone

* Overweeg toevoegen van corticosteroiden voor preventie van geprotraheerde of
bifasische anafylactische reacties als deél@tsymptomen ernstig zijn

Matig-ernstigereacties:
Overweeg om paént te verplaatsen naar eeafdeling met faciliteiten voor het monitoren
van vitale functies.

Gédsoleerd bronchospasre:

I Salbutamol 2.5t 5mgvernevelingn zuurstofdoor middel van eegezichtsmasket0
tot 15 L/min(vernevelings makkelijke om toe te dienen en meesffectief dandoss
aerosol).

9 Bijmilde reacties mogerastma paténten de eigensalbutamol dois aerosolgebruiken

9 Indien klachten toenemegeefadrenaline 0.5mdgM en neem contact opnet het spoed
interventieteam.

Gédsoleerdgezichtsoedeem zondestridor:

1 Geef zuurstofiOtot 15L/minviaeennon-rebreathing masler.

I Ceefclemastine 2mgV.

9 Indienoedeem ernstig is of dichtbij luchtwegeis gelokaliseerdf indien er stridor
ontstaat: behandel alanafylaxie

Gédsoleerdeurticaria/diffuse erytheem:

1 Geefclemastine 2mgV.

1 Indien vergezeld vahypotense: behandelals anafylaxie

Geasoleerdehypotensk:

I Geefbolusvankristalloid500mllV, herhaal indien nodig

1 Indien vergezeld vabradycardig overweegatropine 0.5mgV.

f Indien vergezeld door andesymptonen behandel alanafylaxie

Mild e reacties

Algemeen

1 Milde reactiesbehoeven soms enkel geruststelling

1 Observer vitale functies totdat symptomen voorbij zijn

1 Verwijder iv toegang nidijdens observatie

Overweeg

1 Voorschrijven van eeniet-secerendH21-antihistamiricum, bijvoorbeelddesloratidine
5mgPO(eenmaal daags/oor milde overgevoeligheidsreacties

I Ondansetron 4mg ivoor persistentovergeven

Module 2:Uitgangsvraag
Wat isde optimak behandeling vamate overgevoeljheidgeacties na toediening van CM?

Aanbevelingen

Waarschuwpatiénten die eerder een overgevoeligheidsreactie hebben gehad nadai
een late oergevoeligheidsreactie mogelijk meestal een huidreactie.

Paténten meeten contactopnemen met hun huisarts als zij elstte overgevoeligheids
reactie hebben n&Mtoediening
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Overweeg om deafdeling Radiologieraar het CM werd toegediernt# informeren over het
optreden en de symptomewman een late overgevoeligheidsreactie na CM toediening.

Wanneer desymptonenvan een late overgevoeligheidsreactie mild zijn is afwactgen
verdedigen

Behandel late overgevoeligheidsreacties naar gelangydgtomen.
Overweeg behandeling van huidreacties roedle of topicalecorticosteroicen.

Wanneer ernstige symptomen tstaan, zoals gegeneraliseergastulosis 6 pijnlijke cutane
blaren verwijsdande patiént naar eendermatoloog.

Module 3:Uitgangsvraag
Wat isde diagnostiche waarde varlaboratoriumtesten voorovergevoeligheidsreacties na
toediening van CM?

Aanbevelingen

Voer eenBasofielemActivatie Testniet routinematig uit bij alle patiénten met een
voorgeschiedenis van overgevoeligheidsreacties na toediening van CM.

Meet serum tryptasdussenl tot 2 uren na aanvang vaalle matigeernstige tot ernstige
overgevoeligheidsreactiaga toediening van CM.

Verwijs de patént naar eenspecialist in geneesmiddelenovergevoeligheidien de tryptase
verhoogd is.

Module 4:Uitgangsvraag
Wat is de diagnostische waarde van huidtesten voor overgevoeligheidsreacties na toediening van
CM?

Aanbevelingen

Voer huidtesten nietoutinematig uitbij elke overgevoeligheidsreactie na toediening van
CM.

Verwijs depatiént naar eenspecialist in geneesmiddelenovergevoelighaxdr het

uitvoeren van huidtesteinnen 6 maandeibij pati€nten die het volgende hebben gehad:

i Enstige overgevoeligheidsreacties na toediening van CM

1 Overgevoeligheidsreacties met verhoogde tryptase

1 Overgevoeligheidsreacties na twee of meer verschillende CMetaelfdetype
(bijvoorbeeld twee jodiumhoudende CM) adngchillende types (bijvoorbeeld een
jodiumhoudend en een gadolinium houdend CM).

Specificeer het gebruikte contrastmiddel in de vemgjz

Verwijs depatiént naar eengeneesmiddeleallergie specialist voor het uitvoeren van
huidtesten in alle gevallevan doorbraak overgevoeligheidsreacties ondanks premedica
met corticosteroicen en Hl-antihistaminica

Module 5:Uitgangsvraag
Welke profylactische maatregelen moeten worden genomen bij patien met een verhoogd risico
op overgevoeligheidsreacties na toediening van CM?
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AanbevelingenZie ook Flowcharts &, 4)

| Paténten met eeneerdere (acutepvergevoeiheidsreactieop eenbekendICM of GBCA.

A Electievgplanbare) onderzoeken matCM d GBCA

Overweeg een alternatieveeeldvormingsmodaliteit bij alle p&nten met een
(gedocumenteerde) geschiedenis van esergevoeligheidsreactie voor een ICM of GBC
indien mogelijk.

Indien dit niet mogelijk is, overweeg het uitvoeren van het onderzoek zonder
contrastmiddel, indien deeductievan diagnostische kwaliteit accepilhs.

Indien de vorige overgevoeligheidsreactie mild was

f Kies een anddlCM d GBCA*

1 Observerdepatiéntx o nuteiymeyhet infuus in

I Wees waakzaam om te reageren op een mogelijke nieuwe overgevoeligheidsreact

Indien de vorige overgevoeligheidsreactie magigstigwas:

1 Kies een ander ICM of GBCA*

f Observeer de patiénk o n Y A yhdrinfBugin.Y' S {

I Wees waakzaam om te reageren op een mogelijke nieuwe overgevoeligheidsreact

Bij twijfel aan deernst van de vorige overgevoeligheidsreactie: overweeg om démae
verwijzen naar eespecialist in geneesmiddelenovergevoelighesdr huidtesten met
verschillende ICM of GBCA.

Indien de vorige overgevoeligheidsreadatmstigwas:

1 Indien mogelijk, &l het beeldvormend onderzoek uibtdat resultaten van huidtesten
bekend zijn.

1 Verwijsde patiént naar eemspecialist in geneesmiddelenovergevoelighaidr
huidtesten met verschillende ICM of GBCA.

9 Pas het advies van dpecialist in geneesmiddelenovergevoeligheid met betrekking
tot het kiezen van een alternatief Ch gebruik van premedicatiaj toekomstige
onderzoeken.

9 Indien positief of geen advies over premedica@eef premedicati® x 25 mg
prednisolon PO/IV** 12h en 2h voor CM toediening en 2mg clemastine 1V binnen 1
voor CMtoediening.

I Observerde paténtx o nmeYhetyhfuusin

 Wees waakzaam om te reageren op een mogelijke nieuwe overgevoeligheidsreact

B Acuwit (binnen enkele urénof spoed(direct) onderzoek metCM d GBCA

Overweeg een alternatievieeeldvormingsmodaliteit bij alle p&titen met een
(gedocumenteerde) geschiedenis van een overgevoeligheidsreactie voor een ICM of (
indien mogelijk.

Indien dit niet mogelijk is, overweeg het uitvoeren van het onderzoek zonder
contrastmiddel, indien de reductie van diagnostische kwaliteit acceptabel is.

Indien de vorige overgevoeligheidsreactie mild was:
91 Kies een ander ICM of GBCA*
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! Observeer de patienk o n Y A yhdzinfAugin.Y' S
I Wees waakzaam om te reageren op een mogelijke nieuwe overgevoeligheidsreact

Indien de vorige overgevoeligheidsreactie maigstigwas:

1 Geef premedicatle: 50 mg prednisolon IV** en 2mg clemastine IV binnen 30min vg
CM toediening

9 Kies een ander NT of GBCA*

f Observeer de patiénk o n Y A yhdrinfBugin. Y’ S {

I Wees waakzaam om te reageren op een mogelijke nieuwe overgevoeligheidsreact

Indien de vorige overgevoeligheidsreactie ernstig was:

9 Geef premedicatle: 50 mg prednisoltri* en 2mg clemastine IV binnen 30min voor
CM toediening

 Kies een andere ICM of GBCA*

f Observeer de patiénk o n Y A yhdrinfBugin.Y' S {

I Wees waakzaam om te reageren op een mogelijke nieuwe overgevoeligheidsreact

Il Patiénten met eeneerdere (acutepvergevoeligheidsreactie na eembekendICM d GBCA

A Electievgplanbare) onderzoeken met ICM of GBCA

Overweeg een alternatieve beeldvormingsmodaliteit bij allegragn met een
(gedocumenteerde) geschiedenis van emergevoeligheidsreactie voor een ICM of GBC
indien mogelijk.

Indien dit niet mogelijk is, overweeg het uitvoeren van het onderzoek zonder
contrastmiddel, indien de reductie van diagnostische kwaliteit acceptabel is.

Indien de vorigevergevoeligheidsreactie mild was:

1 Voer het radiologisch onderzoekit zoals gebruikelijk

1 Observeer de patienk o n Y A yhdzinfAugin Y S
 Wees waakzaam om te reageren op een mogelijke nieuwe overgevoeligheidsreact

Indien de vorigmvergevoeligheidsreactie atig-ernstigwas:

1 Voer het radiologisch onderzoekit zoals gebruikelijk

f Observeer de patienk o n Y A yhdzinfAugin.Y' S i
I Wees waakzaam om te reageren op een mogelijke nieuwe overgevoeligheidsreact

Bij twijfel aan deernst van de vorige overgevoeligheidsreactie: overweeg om déride
verwijzen naar eespecialist in geneesmiddelenovergevoelighesdr huidtesten met
verschillende ICM of GBCA.

Indien de vorige overgevoeligheidsreactie ernstig was:

1 Indienklinisch mogelijk,tel het beeldvormend onderzoek uit totdat resultaten van
huidtesten bekend zijn.

9 Verwijs de patiént naar eespecialist in geneesmiddelenovergevoeligheiodr
huidtesten met een vaste selectie van verschillende ICM of GBCA.

9 Pas het adies van de specialist in geneesmiddelenovergevoeligheidtsiebetrekking
tot het kiezen van eemogelijkCMen het gebruik van premedicatibij toekomstige
onderzoeken.

9 Indien positief of geen advies over premedicateef premedicati® x 25 mg
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prednilon PO/IV** 12h en 2h voor CM toediening en 2mg clemastine IV binnen 1
voor CM toediening.

f Observeer de patiénk o n  Yhetyhfudsia i

I Wees waakzaam om te reageren op een mogelijke nieuwe overgevoeligheidsreact

B Acuwit (binnen enkele uren) of spoed (dij)eonderzoek met ICM of GBCA

Overweeg een alternatieve beeldvormingsmodaliteit bij allegragn met een
(gedocumenteerde) geschiedenis van een overgevoeligheidsreactie voor een ICM of (
indien mogelijk.

Indien dit niet mogelijk is, overweeg het uitvoeren van het onderzoek zonder
contrastmiddel, indien de reductie van diagnostische kwaliteit acceptabel is.

Indien de vorige overgevoeligheidsreactie mild was:

1 Voer het radiologisch onderzoekit zoals geluikelijk

f Observeer de patiénk o n Y A yhdrinfBugin.Y' S {
 Wees waakzaam om te reageren op een mogelijke nieuwe overgevoeligheidsreact

Indien de vorige overgevoeligheidsreactie madigstigwas:

1 Geef premedicatle: 50 mg prednisoltri* en 2mg clemastine IV binnen 30min
voorafgaand aan CM toediening

9 Voer het radiologisch onderzoalkit zoals gebruikelijk

f Observeer de patiénk o n Y A yhdrinfBugin.Y' S {

I Wees waakzaam om te reageren op een mogelijke nieuwe overgevoeligheidsreact

Indien de vorige overgevoeligheidsreacatimgig was:

1 Geef premedicatle: 50 mg prednisolon IV** en 2mg clemastine IV binnen 30min
voorafgaand aan CM toediening

1 Voer het radiologisch onderzoekit zoals gebruikelijk

f Observeer de patiénk o n Y A yhdrinfBugin.Y' S

I Wees waakzaam om te reageren op een mogelijke nieuwe overgevoeligheidsreact

Il Paténten meteerderedoorbraakreactis op ICMof GBCA

Pas dezelfde aanbevelingen toe als hierbovepdtignten met doorbraakreactie na ICM o
GBCA toediening

Verwijs paténten met doorbraakreactiealtijd doornaar eenspecialist in

geneesmiddelenovergevoeligheidor huidtesten met verschillende ICM of GBCA.

IV Paténten met eerdereovergevoeligheidsreacties meerdere CM

Pas dezelfde aanbevelingen toe als hierboven bij patiénten met overgevoeligheidsrea
voor meerdere CMtwee ICM, twee GBCA of een GBCA en een ICM).

Verwijs paténten metovergevoeligheidsreacties voor meerdere @Md door naar een
specialist in geneesmiddelenovergevoelighesdr huidtesten met verschillende ICM of

GBCA.

V _Patientermet eerdere nieternstige late overgevoeligheidsreadiep ICMof GBCA
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Bij patienten met een eerdere milde of ma#gnstige late overgevoeligheidsreactie op
jodiumhoudende CM of gadolinimoudende CA wordt premedicatie niet aanbevolen,

zelfs niet inspoed of acute onderzoeken.

Voetnoten

\* Houd rekening metkruis-reactiviteit van ICMzie Introductie van deze sectietabel 2). \

** Of equivalent dossvan een andeglucocorticosteroid
25 mg o050 mg prednisolon is equivaleaarn

1 20 mg of40 mgmethylprednisolon

1 4 mg of8mgdexamethason

100 mg o200mghydrocortison

Aanbevelingen overgevoeligheidsreacties na nigtsculaire CM toediening

Kleine hoeveelheden van ICM of GBCA kunnen worden geabsorbeerd door mucosa e
dringen door tot desystemische circulatie na alle typen nigtsculaire CMoediening.

Overgevoeligheidsreacties na mesculaire CM toediening van ICM of GBCA kunnen
voorkomen, maar hun incidentie isaqtot zeer lag.

Geen preventieve maatregelen zijniggiceerd voor ERCP of voor nigtsculaire GBCA
toediening.

Voor andere indicaties van ICM kan geen duidelijke aanbeveling worden gegeven voo
patiénten die in het verleden een overgevoeligheidsreactie na contrasttoediening hebk
gehad.

Bij patEnten de een ernstige overgevoeligheidsreactie na contrasttoediening hebben
gehad, dient de mogelijkheid van alternatieve beeldvorming of contrastmiddel te wordg
overwogen samen met een radioloog, en een strikte indicatie voor het gebruik van nie
vasculaire CMoediening is noodzakelijk.

Bij paténten die een ernstige overgevoeligheidsreactie na contrasttoediening hebben ¢
kunnen de preventieve maatregelen zoals beschreven in Module 5 wordelgdevoraf
aan het onderzoek met niatasculaire CMoediening. Indien mogelijk na laboratoriunen

huidtesten door een specialist in geneesmiddelovergevoeligheid.
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Samenvatting van aanbevelingen voor beeldvorming met GBCA

Module 6:Uitgangsvraag
Hoe kan post-contrast acute nierschad® GAK) wordenvoorkomen bij toediening vaGadolinium
Based Contrast Agents (GBCA)?

Aanbevelingn
Gebruik deoptimale GBCA dosigebaseerd op gewicht van de gatt die nodig is om een
diagnostische MRI te verrichten lokale dbseringsprotocollen

Pas geemprofylactische maatregelen toe om #&l te voorkomen bij hoedsico patiénten
(eGFR<30ml/min/1.73fhdie GBCA IV krijgen in estandaarddosis.

\ Vervang geen ICM door GBCA orARCte voorkomen bij CT en/of DSA. \

Module 7: Uitgangsvraen

a) Welke patiénten hebben en verhoogd risigp het ontwikkelen varNephrogenic Systemic
Fibrosis (NSF)?

b) Welke maatregelen zijn nodig om NSF te voorkomen?

Aanbevelingen

Gebruik laagisico (ionisch en neionisch)macrocyclisché&sBCAs voor medische
beeldvorming bij alle patiénterLineaire GBCA is geassocieerd met NSF, daarom dient
lineaire GBCAenkel overwogen te wordeimdien een macrocyclisdBBCA de diagnostisch
vraag niet kan beantwoorden

Maak een individuke risicovoordeelanalyse met de aanvragend arts vanpddiént en met
eennefroloog om verzekerd te zijn van een strikte indicatie voor iM&illineaire GBCAij
patiénten met eGFR < 30 ml/min/1.73m

Voor preventie van NSF bij patiénten die al afhankelijk zijn van hemodialyse of perit
dialyse hoeft de toediening vamacrocyclischeGBCA nietlirect gevolgd te worden dog
een hemodialyse sessie.

Om de hoeveelheid otulerend GBCA te minimaliseren, diefjtgatiénten die al chronische
hemodialyse ondergaatte toediening vatineaire GBCAlirect te worden gevolgd door ee
(highflux) hemodialyse sessievat herhaald wordt in de twee opeenvolgende dagen.

Bij predialyse patientefeGFR<1fl/min/1.73m?) enperitoneaal dialyse patientemlient
het risico opNSF dor lineaire GBCAe worden afgewogen tegen het risico van het plaats
van een tijdelijke centra veneuze toegang voor hemodialyse.

Module 8:Uitgangsvraag
Wat is de klinische relevantie van de GBféfduceerde T1w hyperintensiteit van de nucleus
dentatus en de globus pallidus in de hersenen?

Aanbevelingen
Zorg voor een strikte indicatie voor met gadolinium versterkte MRI en getiagikde EMA
goedgekeurde GBCA bij alle patiénten om mogelijke gadolidepositiete minimaliseren.
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Samenvatting van aanbevelingen voor andere onderwerpen

Module 9:Uitgangsvraag

Hoe kunnercentraalveneuzekatheters (CVC), hemodial/katheters(HC) perifeer ingebrachte
centrak katheters(PICC)entotally implantable venous access devices (TI\f#drten) veilig
worden gebruikt voor het toei@ning vanintraveneuze CM, in het bijzonder bij het gebruik van
power injectors en hogere injectiesnelheden voor het verkrijgen van afbeeldingen van hoge
kwaliteit?

Aanbevelingen

Opmerking:Hogebeeldkwaliteit is meestal nodig bij laazpntrast situaties, zoals bij
(stagering)onderzoeken in de hersendn,hethoofd-hals gebied obij hepatobiliaire, genite

urinaire of colorectale onderzoeken in het abdomengere beeldkwaliteit kan acceptabel zijn in

hoog-contrast situaties zoalsij pulmonaire of musculoskeletale beeldvorming, ofdsjfollow-up
van lymfeklierenlgv. lymfomen, testiscarcinoom).

Gebruik eerpower-injector enperifere veneuze katheter voantraveneuzeCM toediening
om de beste kwaliteit vabeedlvorming na contrastedieningte verkrijgen vooral in laag
contrast situaties (zie Opmerking)

Controleervoor én naCMtoedieningmet een power injectode positieen
doorgankelijkheidzaneenCVC, TIVAD of PICC lijn wanneer een perifere veneuze kath¢
niet beschikbaar is.

Powerinjecteerbarecentrad veneuze catheterkunnen veilig worden gebruikt voor de
toediening van CM met een powatjector wanneemde meeste recenteaanbevelingen van
de fabrikant van de katheter worden opgevolgd.

Powerinjecteerbarehemodialy® katheterskunnen veilig worden gebruikt voor de
toediening van CM met een powarjector wanneerde meest recenteaanbevelingen van d
fabrikant van de katheter worden opgevolgd.

Wanneer CM wordt geinjecteemiet een powerinjector bij patiénten met een PIGih of
TIVADsvaarvan dekathertertip boven de tracheobronchiale hobgt is errisico op migratie
van de kathetertip vameze lijnenControleerdaarombij een PICC of TIVAD met
kathetertip boven de tracheobronchiale hoale positie van de kathetertip met een
rontgenfoto, CTinstelopname of doorlichtingvoor én na CMtoediening met een power
injector.

Wanneer eernvoor powerinjectie geschikt€€VC, B, PICC of TIVArdt gebruikt voor CM
toediening met een poweinjector, controleer dan of de katheter nog operdisor
handmatigte spoelenmet 20 ml fysiologisch zouta de injectie

Wanneer een voor powenjectie geschikte HC wordt gebruik voor @Mdiening met een
power injector,moet een patientspecifieke oplossing om de catheter af te sluiten direct |
injectie worden aangelegd door een gecertifceerde dialyse verpleegkundige

Zie Appendix 1 voor aanbevelingen over stroomsnelheden en injectiedruk voor een grq
aantal commercieel beschikbare CVC's, HC's, PICC's en TIVAD's in Nederland.
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Module 10:Uitgangsvraag
Wat isde optimak behandelingvoor contrast medieextravasatge?

Aanbevelingen

Overweeg de volgende behandelingsopties voor extravasatie met contrast:
Probeer het extravasale contrastmiddel via een ingebrachte naald op te zuigen
Markeerhet getroffen gebied

Gebruikkompressen voor heterlichten van pijn op de injectieplaats

Gebruik pijnstillers

Plaatsde getroffen extremiteit boven het niveau van het hart.

=a =4 —a —a -9

Documenteer de contrast extravasatie en behandeling ingteitronischpatiéntendossier
(volume, concentratieppperviakte, klinische bevindingen).

Geef de patiént duidelijke instructies wanneer aanvullende medische zorg moet worde

gezocht:

1 Verergering van de symptomen

9 Huidulceratie

1 Ontwikkeling van eventuele neurologische of circulatoire symptomen, inclusief
paresthesieén

I Geef de patiént schriftelijke informatie mee.

In geval varernstigeextravasaté schade:
9 Consulteer een plastisch chirurg

9 Breng de verwijzend arts op t@ogte.
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Overall Introduction

Reason for making this guideline

The Radiological Society of The Netherlands (RSIMMR) deemed a set of new guidelines on the

Safe Use of Contrast Media (CM) highly necessary and relevant, due to pabéinations on many
topics concerning contrast safety. Because of recent scientific developments, the recommendations
of the most recent CM guideline (CBO, 2007) were in conflict with what should be considered best
clinical practice. In order to update drelaborate on this 2007 CBO Guideline, which only covered
selected topics on the use of iodiwentaining CM, a plan has been developed to make a set of 3
new guidelines covering the safe use of all types of CM in adults.

The patient population for whicthese guidelines are meant consists of adult patients (18 years and
older) who receive intravascular, oral or intracavitary (irdréicular, intravesical, 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.

The three parts of the Safe Use of Contrast Media guidelines were planned to be produced and will
cover following topics regarding CM safety (part 3 is still in the plarptiage, topics to be finalized):

Safe Use of Contrast Medi®art 1 (finalized in 2017):

1 Preventionof postcontrast acute kidney injury (P&KI) from iodinecontaining contrast
media

i lodine-containing contrast media use in patients with typaliabetegaking metformin

1 lodine-containing contrast media use in patients on chronic dialysis.

Safe Use of Contrast Medi&art 2 (20162019):

1 Prophylaxisand management of hypersensitivity reactions to contrast media

1 Safeuse of gadolinium containing conttamedia, in terms of prevention of posbntrast
acute kidney injury (R8KI) andNephrogenicsystemic fibrosis (NSF)

i Contrastmedia injections with power injectors through (peripherally inserted) central venous
lines and implantable ports

1 Contrastmedia extravasation.

Safe Use of Contrast Medi®art 3 20202022):

Preventionof iodineinduced hyperthyroidism

Safetyof organspecific gadoliniurbased contrast agents
Gadoliniumdeposition in the body after gadolinitimased contrast agents
Contrastmedia use in pregnhancy and during lactation

Contrastmedia use in patients with multiple myeloma (Kahle).
Contrastmedia usdn patients with pheochromocytoma

Contrastmedia use in patients with myasthenia gravis

Contrastmedia use in patients with mastocytosis

TheWeber and Lalli effects in using contrast media.

=4 =4 =4 -4 8 -8 _a_9a_9

The nephrotoxicity of gadoliniuthased contrast media and/anicrobubble contrast media and the
recommendations for measurement of eGFR will be integrated with the guidelines for prevention of
Nephrogenic Systemic Fibrosis. These recommendations are published in this guideline Safe Use of
Contrast Media, part 2.
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Gaal of the current guideline

Theaim of the Part 2 of Safe Use of Contrast Media guidelines is to critically review the present
recent evidence with the above trend in mind and trieformulate new practical guidelines for alll
hospital physicians to prod 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 framhkalthcare and
simultaneously guard patients from ineffective care. Furthermore, such a guideline should ideally be
able to save money and reduce dagspital waiting lists.

Focus of the guideline
This part 2 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.

Users of this guideline
This guideline is intended for all hospital pieyans 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 will be discussed in the introductory chapters of d¢doh 4
subtopics of this guideline.

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. Ultimasdtlycare
professionals must make their own treatment decisions about care on alyasase basisfter

consultation with their patientsysing their clinical judgement, knowledge and expertise. A guideline
OFyy2i NBLX I OS | LI eésigaddtleafnieat ofpattiRuhlpltiéits. Ay RA L 3y 2

Guidelines may not be complete or accurate. The Working Group of this guideline and members of
their boards, officers and employees disclaim all liability for the accuracy or completeness of a
guideline, and didaim 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 hig-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 lifethreatening situations oconditions 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.

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
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CA
Cl
CM
CT
CcvC
DRESS
DSA
DX
EAACI
EEM
BEMA
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Justification of the guideline

Validity

The board of the Radiological Society of Netherlands will determine at the latest in 2024 if this
guideline (per module) is still valid and applicable. If necessary, a new working group will be formed
to revise the guideline. The validity of a guideline can be shorter than 5 years, if newfiectenti
healthcare structure developments arise, that could be seen as a reason to commence revisions. The
Radiological Society of the Netherlands is considered the keeper of this guideline and thus primarily
responsible for the actuality of the guidelinEhe 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 Nethertin

Authorization

The guideline is submitted for authorization to:
Radiological Society of the Netherlands
Netherlands Association of Internal Medicine
Dutch Federation of Nephrology

Dutch Society of Intensive Care

Association of Surgeons of the Netherdsn
Netherlands Society of Cardiology
Netherlands Society of Intensive Care

Dutch Association of Hospital Pharmacists
Netherlands Society of Emergency Physicians
Dutch Society for Allergology and Clinical Immunology
Dutch Society for Dermatology and Vengagy
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General Information

The guideline development was assisted by the Knowledge Institutes dfederatiorMedical
Specialists (www.kennisinstituut.nl) and was financed by the Quality Funds for Medical Specialists
(Stichting Kwaliteitsgelden Medisch Specialisten: SKMS).

Working group members

A multidisciplinary working group was formed for the developmentefguideline in 2016. The
working group consisted of representatives from all relevant medical specialization fields that are
involved with intravascular contrast administration.

All working group members have been officially delegated for participatidhe working group by
their scientific societies. The working group has developed a guideline in the period from May 2016
until July 2019.

The working group is responsible for the complete text of this guideline.
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discuss a specific group of patients with a disease. The Dutch Kidney $asisatiation was invited

to participate in an advisory board to the working group, but declined since this subject was not

specific enough for them to give adequate inplihe Dutch Kidney Patients Association did provide

written feedback for specific modies during the commentarghase.The Dutch Kidney Patient

Association and the Patient Federation of the Netherlands was invited to participate in the

invitational conference in which the framework of the guideline was discussed. Furthermore, the

concept giideline has been submitted for feedback during the comment process to the Patient

Federation of the Netherlands and the Dutch Kidney Patient Association.

Implementation

In the different phases of guideline development, the implementation of the guidedima the

practical enforceability of the guideline were taken into account. 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 with theeRted Products. Furthermore, quality indicators were
developed to enhance the implementation of the guideline. The indicators can also be found with
the Related Products.

Methodology

AGREE

This guideline has been developed conforming torgmuirements of the report of Guidelines for

Medical Specialists 28y 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 II)
(www.ageetrust.org), a broadly accepted instrument in the international community and on the
YIEGA2YyFE ljdz2r t Ade adlFyRFNRa F2N) 3dzARSt AySay aDdzAR
(www.zorginstituutnederland.nl).

Identification of subject matter

During the initial phase of thguideline development, the chairman, working group and the advisor
inventory the relevant subject matter for the guideline. Furthermore, an Invitational Conference was
organized, where additional relevant subjects were discussed. A report of this meatirgedound

in Related Products.

Clinical questions and outcomes

During the initial phase of guideline development, the chairman, working group and advisor
identified relevant subject matter for the guideline. Furthermore, input was acquired for theneutli

of the guideline during an Invitational Conference. The working group then formulated definitive
clinical questions and defined relevant outcome measures (both beneficial land harmful effects). The
working group rated the outcome measures as criticahortant and not important. Furthermore,

where applicable, the working group defined relevant clinical differences.

Strateqgy for search and selection of literature

For the separate clinical questions, specific search terms were formulated and publisetifis

articles were sought after in (several) electronic databases. Furthermore, studiesevatmizedby
crossreferencingfor other included studies. The studies with potentially the highest quality of
research were looked for first. The workingpgp members selected literature in pairs

(independently of each other) based on title and abstract. A second selection was performed based
on full text. The databases, search terms and selection criteria are described in the modules
containing the clinidaquestions.
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Quality assessment of individual studies

Individual studies were systematically assessed, based on methodological quality criteria that were
RSOSN¥YAYSR LINAR2NJ 12 GKS aSINOKxX a2 GKFOGisNRa]l 27F
2F oAl aé¢ GloftSao

Summary of literature

The relevant research findings of all selected articles are shown in evidence tables. The most
important findings in literature are described in literature summaries. When there were enough
similarities betweentsidies, the study data were pooled.

Gradingquality of evidenceand strength of recommendations

The strength of the conclusions of the scientific publications was determined using the GRADE
method. GRADE stands for Grading Recommendafisasssment, Development and Evaluation
(see http://Iwww.gradeworkinggroup.org/) (Atkins, 2004).

GRADE defines four gradations for the quality of scientific evidence: high, moderate, low or very low.
These gradations provide information about the amounteitainty about the literature
conclusions. (http://www.guidelinedevelopment.org/handbook/).

Formulating conclusions

For diagnostic, etiological, prognostic or adverse effect questions, the evidence was summarized in
one or more conclusions, and the lewélthe most relevant evidence was reported. For intervention
questions, the conclusion was drawn based on the body of evidence (not one or several articles). The
working groups weighed the beneficial and harmful effects of the intervention.

Consideration

Aspects such as expertise of working group members, patient preferences, costs, availability of
facilities and orgasation of healthcare aspects are important to consider when formulating a
recommendation. These aspects were discussed in the parag@mdiderations.

Formulating recommendations
Therecommendation answers the clinical question and Wwased on the available scientific
evidence and the most relevant considerations.

Constraints Qrganisatiorof healthcare)

During the development of the outline of the guideline and the rest of the guideline development
process, thedrganisatiorof healthcare was explicitly taken into account. Constraints that were
relevant for certain clinical questions were discussed inGbesideration paragraphs of those clinical
guestions. The comprehensive and additional aspects oOitganisatiorof healthcare were
discussed in a separate chapter.

Development of quality indicators

Internal (meant for use by scientific society or itembers) quality indicators are developed
simultaneously with the guideline. Furthermore, existing indicators on this subject were critically
appraised; and the working group produces an advice about such indicators. Additional information
on the developmenof quality indicators is available by contacting the Knowledge Institutéhéor
FederationMedical Specialists. (secretariaat@kennisinstituut.nl).

Knowledge Gaps
During the development of the guideline, a systematic literature search was performedghks of
which help to answer the clinical questions. For each clinical question the working group determined
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if additional scientific research on this subject was desirable. An overview of recommendations for
further research is available in the appaxd&knowledge Gaps.

Comment and authorisation phase

The concept guideline was subjected to commentaries by the involved scientific societies. The
commentaries were collected and discussed with the working group. The feedback was used to
improve the guidéne; afterwards the working group made the guideline definitive. The final version
of the guideline was offered for authorization to the involved scientific societies and was authorized.
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Introduction to hypersensitivity reactions to contrast media.

The increased use of contrast media (CM) may give rise to an increased occurrencerildatid
severe hypersensitivity reactions.

Terminology and Definitions
The following definitions and terminology are based on the standard terminology recomméyded
the World Allergy Organisatiodghansson, 2003; Johansson, 2004; Simons,)2011

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

Allergy:Hypersensitivityeactions initiated by specific immunological mechanisms.

Acute hypersensitivity reactioan adverseaeaction thatoccurs within 1 hour of contrast agent
injection. Acute reactions can either be alletdge (IgEmediated or not) hypersensitivity reactions
or chemotoxic responses.

Late hypersensitivity reactioan adversaeaction thatoccurs between 1 hour and lesk after
contrast agent injection.

AnaphylaxisA severdife threateninggeneralized systemic hypersensitivigaction thatis
characterized by being rapid in onset with {ifeeatening airway breathing or circulatory problems
and usually associated with skin and mucosal changes.

Adverse drug reaction (ADR)response to a medicine which is noxious anthtended, and which
occurs at doses normally used in man (WHO definition).

The WAO has defined anaphylaxis as a serious allergic reaction that is rapid in onset and that can be

fatal. For diagnosis, there are three possible clinical scenarios:

1. Sudden oset of an illness (minutes to hours) with involvement of the skin, mucosal tissue (or
both), and at least one of the following: a) respiratory compromise and b) reduced blood
pressure or symptoms of erargan dysfunction.

2. Two or more of the following thaiccur after exposure to a likely allergen or other triggers
(minutes to several hours): skin/mucosal symptoms and signs, respiratory compromise,
reduced blood pressure or associated symptoms, and/or gastrointestinal symptoms (crampy
abdominal pain or vomiing).

3. Reduced blood pressure after exposure to a known allergen (minutes to hours).

Acute 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 lgEpendent, complement dependent, direct membgaaffects of CMand

possibly other mechanisms that have not been identified ¥&ia{, 207). When an immunologic
mechanism is excluded, unlikely or cannot be provgmersensitivity is the preferred term

(Johansson, 2003; Johansson, 2004

Allergylike hypersensitivity reactions may or may not be true-hggdiated. In general,lergy can be
either antibody or cellmediated. Celmediated reactions occur usually after one or several days,
while antibody mediated reactions tend to be more immediatevéil-known reason for immediate
reactions is the presence of antiggpecific IgE antibodies fixed to the surface of mast cells and
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basophil granulocytes. After crefiaking of IgE antibodies on the surface of these cells a
degranulation process followsgsulting in production of histamine and many other mediator
substances. Other stimuli can also cause degranulation such as degree of ionzatiofglity,
temperature of the injected solution. Some drugs such as opiates are known to cause histamine
production without the presence of specific IgE.

Compared to reactions to iodiAgased CM, reactions to gadolinidbased CA are more frequently
IgEmediated and thus true allergic reactions

Note: 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 thkalli effect Lalli, 194).

Clinical features and risk factors
The same acute adverse reactions are seen after intravascular administration oflhadiae
contrast media and after gadoliniimased contrast agents or ultrasound contrast agents.

The termadverse drug reaction (ADR)wider than hypersensitivity redons, and includes a number
of chemotoxic effects of CM injection, such as a feeling of warmth, dry mouth, or mild pain during
injection, etc. Therefore incidence figures between studies on hypersensitivity reactions and studies
on ADR (for example postarketing surveillance studies) can vary.

Mild reactions include allergyke reactions such as limited urticaria/pruritus, limited cutaneous
oedema itchy/scratchy throat, nasal congesticand sneezinfgonjunctivitis/rhinorrhoea. In this
category are included also physiologic/chemotoxic reactions such as limited nausea/vomitus,
transient flushing/warmth/chills, headache/dizziness/anxiety, altered taste, mild hypertension or
spontaneouslyesolving vasagal reactionsACR Manual on contrast media; ESUR guidelines on
contrast safety; Wang 2008

Moderate reactions include allergdike reactions such as diffuse urticaria/pruritus, diffuse erythema
with stable vital signs, faciaedemawithout dyspnoeathroat tightness/hoarseness without
dyspnoea mild wheezing/bronchospasm. Physiologic reactions are protracted nausea/vomitus,
hypertensive urgency, isolated chest pain, and vasovagal reactions responsive to treaa@ent (
Manual on contrast medi ESUR guidelines on contrast safety; Wang 2008).

Severe reactions include allerfilge reactions such as diffuse erythema with hypotension,
diffuse/facialoedemawith dyspnoealaryngeabedemawith stridor, and severe
wheezing/bronchospasm with hypoxiand generalized anaphylactic reaction/shock. Physiologic
reactions are treatmentesistant vasovagal reactiorarhythmia hypertensive emergencieand
convulsionsseizures. Also to this category belong pulmonagglemaand cardiopulmonary arrest
(ACRManual on contrast media; ESUR guidelines on contrast safety; Wany 2008

Risk factors
Risk factor analysis is often done by retrospective observational studies without control groups.

The most common risk factors for hypersensitivity reactions to CMAE&R Manual on contrast
media; Lalli, 1980

1. A prior hypersensitivity reaction to contrast media.

2. A history of allergy, particularly multiple severe allergies.

3. A history of asthma requiring treatment.
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Female gender could not be substantiated as an iraelent risk factor for hypersensitivity
reactions.

Incidence of acute hypersensitivity reactions

Incidence after iodindbased contrast media

The incidence is highest after iodidased contrast media and lowest after ultrasound contrast
agents. Théncidence of acute adverse reactions has declined considerably after the introduction of
low-osmolar and isasmolar iodinebased contrast mediddCR Manual on contrast media; ESUR
guidelines on contrast safety

In the early days of lowwsmolar media, th classic Japanese study by Katay&h9&80 reported

relatively high adverse drug reactions after nonionic CM in 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 (allerdike) reactions have shown considerably lower

incidence rates of 0,15 to 0,69% with severe reactions occurring in 0,005 to 0,8LB%Z009;

Mortele, 2005;Wang, 2008

Hypersensitivity reactions after nerasular CM administration (either oral, rectal, intraductal,
intravesical or intraarticular) are rare. Such reactions occur slower and the incidence is much lower
than after intravascular administration and will be influenced by the integrity and condifitime

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 nonvascular CM administratiobévis, 201h

Incidence using specific iodinated contrast media

Large posimarketing surveillance studies of iobitridol and iodixanol have shown acute adverse
events of 0,58,59% with severe events in 0,004 to 0,0108ayrer, 2011; Zhang, 2014A third
studyusing iopromide is more difficult to compare due to different definitions, and had higher rates
of 2,49% and 0,034%, respectivehalkowitch, 201 It must be noted that chemotoxic reactions
(feeling of warmth, metallic taste) make up a considerabld pathese events.

In addition, a number of retrospective, observational studies have looked at differences in acute
hypersensitivity rates among iodismased CM. Although imperfect, these studies indicate a
somewhat higher rate for iopromide and iomeprol compared to othigr (Gomi, 2010; Kim; 2017;
Seong, 2014 It remains controversial whether iobitridol has a lower percentage, as indicated in one
study Kim, 2017.

Incidence after gadoliniurbased contrast agents

Recent studies with large adult patient cohorts focusindigpersensitivity (allergiike) reactions
have shown low incidence rates of 0;0A.7% with severe reactions occurring in 0,003 to 0,006%
(Aran 2015; Behzadi, 201Bijllman, 2007; Prince, 2011n a recent large metanalysis, the overall
rate was 92 pel100,000 gadoliniurbased contrast agent (GBCA) injectigd®9% )with severe
reactions occurring in 5,2 per 100,000 injectigf®05%)Behzadi, 2018

In that metaanalysis it was shown that the type of GBCA is of influence on the numteaations.

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 90 per 100,000 and macrazyonionic 160 per 100,000.

The highest rate was for linear ionic with protdimding, 170 per 100,000 injectiorBdhzadi, 2018
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A new, large, retrospective study analysed 281,945 GBCA injections. The overall rate of
hypersensitivity reactions wa$h per 100,000 GBCA injections. Severe reactions occurred in only 2,1
per 100,000 injections. Relatively more hypersensitivity reactions occurred after gadobenate and
gadobutrol compared with gadodiamide or gadoterate injection (McDonald, 2019).

Breakthrough, Protracted and Biphasic Hypersensitivity Reactions

SOl f f SR GaoNBI]UOKNRdZAKE KELISNBESYAAUGAQOAGE NBIFOUOAZ2Y
with corticosteroids and Hantihistamines. The occurrence in published seriestis1Z%.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 (Day2op@ritMervak

2015).

While the majority of hypersensitivityeactions to CM are uniphasic, other patterns may also occur.
Aprotractedreaction 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) reactianayabe
predicted by a low responsiveness to initial adrenaline therapy,(®0i8).

Abiphasicreaction is defined as a reaction recurringp0r2h after an initial hypersensitivity reaction
Themedian time forstart ofthe second reaction is® 12hafter the first reaction. This pattern is

also rare, occuing in 10% of anaphylactic (severe) reactions. Usually, the second reaction is of
similar severity or milder than the initial reaction. Predictors for biphasic anaphylaxis are severe
initial symptams requiring adrenaline redosing or a long (> 40 min) duration of the initial reaction. An
observation time of 6.2h after the initial anaphylactic reaction has resolved is practical A046;

Kim 2018; Kim2019). Corticosteroids may have some beniefithe prevention of a biphasic
anaphylactic reaction with relatively few sidfects, but this remains controversial (SimpR815;

Lee 2016).

For ultrasound contrast agents the risk is low, but no large series have been published to date. Most
adversereactions are cardiovascular, and the incidence of hypersensitivity reactions is 0,009% with
severe reactions occurring in 0,004Bhéawaja, 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
Organisatio(WAO) classificationlohansson, 2003; Johgson, 200%and modifications of the Ring
Messmer classificatioaf allergic reactiongRing, 197Y.

Table 1Severity grading of anaphylactic reactiorfmodified Ring and Messmer):

Grade | Skin Abdomen | Airways Cardiovascular
| Itch - - -
Flush
Urticaria
Angioedema
I Itch Nausea Rhinorrhoea Tachycardia (> 20 bpm)
Flush Cramps Hoarseness Hypertension (>20 mm Hg
Urticaria Dyspnoea Arrhythmia
Angioedema
Il Itch Vomitus Laryngeabedema | Shock
Flush Defecation| Bronchospasm
Urticaria Cyanosis
Angioedema
\Y Itch Vomitus Respiratory arrest| Cardiac arrest
Flush Defecation
Urticaria
Angioedema
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| Classification according to the most severe symptom, no symptom is mandatory |

A practical classification of acute hypersensitivity reactions to contrast media for radiological
practices may be (free aft&xCR Manual on contrast media; ESUR guidelines on contrast)safety

Mild: Itching,sneezing, flushing, conjunctivitifinorrhoea, epiphora, nauseahort-duration
or incidentalvomiting,altered taste, limited scattered urticaria (10 or less)

Moderate: Generalizedr extensiveurticaria,diffuse erythema without hypotension, facial or
angioedemawithout dyspnoea mild wheezing/bronchospasm, protracted vomiting,
mild isolated hypotension

Severe:  Severe wheezing/bronchospasm, profound hypotension, pulmooadgema
generalized anaphylactreaction, seizures/convulsionsespiratory arrestand cardiac
arrest

Late Hypersensitivity Reactions to Contrast Media

Pathophysiology

There is evidence that drugpecific Tcells play an important role in late hypersensitivity reactions. In
skinreactions an infiltrate in the dermis consisting of activated CD4+ or Cio8isTand eosinophilic
leucocytes is usually foun@€Kgristiansen, 2000; Christiansen, 203

In vitro studies have shown two different pathways of CM recognition which both nequéjor
histocompatibility complex (MHC) molecules for stimulation: a) direct binding of CM todké T
receptor (pi concept), and b) after uptake and processing by antigesenting cells and presented
to T-cells via MH@I molecules ((pro)hapten ceept Keller, 2009).

The hapterndependent pathway could explain results of crosactivityanalyses thatevealed that
CMspecific activated -€ell clones reacted to CM with shared structural elements.

It has been postulated that CM do not inducpramary immune response, but instead interact with
receptors on activated memory-@ells raised against other foreign substances. For this reason,
patients with late hypersensitivity should not be at risk for an immediate or late anaphylactic
reaction (medated by IgE or other mechanisms) uporesgosure to CM.

Clinical features and risk factors

Many patients show a variety of nonspecific symptoms, which include headache, nausea, dizziness,
gastraintestinal upset, mild feveland arm painBdlin, 2011; Christiansen, 2000When compared

to control populationsl(oh, 2010, skin rashes with erythema and swelling are the most frequent

true late hypersensitivity reactions. Most patients present with cutaneous symptoms similar to other
drug-induced skireruptions, usually ithe form of amacular or maculopapular exanthema. The
exanthema usually occurs 2 to 10 days after first exposure to ICM an# days after reexposure

to the same ICM. Most reactions are mild to moderate in seveaaity usually slf-limiting and

resolve within 1 weekHdlin, 201).

Other skin reactions include fixed drug eruptidf®E)erythema exudativa multiforméeEEM)and
scaling skin eruptions. In rare cases severe reactions have been described, suchreadiiiugwith
eosinophilia and systemic symptoms (DRESS) syndrome, toxic epidermal ne(rai3mscute
generalized exanthemic pustulo$SGER)and Stevendohnson syndromésJs)

Established risk factors for late hypersensitivity reactions to icbesed CM include a previous
hypersensitivity reaction and-B.immunotherapy ACR Manual on contrast medBgllin (2011);
ESUR guidelines on contrast safety
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Patients with a history of late hypersensitivity reactions to ICM are nwicaéased risk for acute
reactions to ICM as these reactions are mechanistically unrel&@hkdgtiansen, 2003; Mazori, 2018

Incidence of late hypersensitivity reactions

The frequency of late hypersensitivity reactions to CM varies greatly betweeresamti is believed
to be between 1 to 3% of patients after iodibased CM administration and only very rarely after
gadoliniumbased CA administratio®€élin, 2011; Christiansen, 2000

Incidence using specific ioditrmsed CM

Late skin reactions tend to be more common after iodixaBehin, 2011Sutton, 2003. The
incidence of late hypersensitivity reactions is not significantly different for the other idufised
low-osmolar CMBdlin, 201)).

Crossreactivity between contrast media

Crosgeactivity between iodindased CM

Most of the current crosseactivity data come from skin testing. Crassctivity in late
hypersensitivity reactions is probably caused by the presence edg@bffic Fcells, some of which
may show a broad croseactivity pattern. There may be a link between the chemical structure of
iodine-based CM and the pattern of creesactivity, but results are not consistent.

Several studies have shown considerablessreactivity between different iodindased CM, but
specific data on acute versus late hypersensitivity reactions are lacking until now. In the larger
studies, most croseeactivity has been seen between the nonionic dimer iodixanol and its monomer
iohexd, with relatively fewer positive skin reactions with iobitridblasdenteufel, 2011; Lerondeau,
2016).

Based on croseeactivity patterns Lerondeaet al divided iodinebased CM in three groups, with
relatively high intragroup crossreactivity but less intergroup croseactivity (Lerondeau, 2016)
Based on additional data, it seems reasonable to add iopromide to group A aSevelj\ers, 2018
Table 2 may be helpful for selecting an alternative agent for imaging studies.

Table 2 Crosseactivity grouping of iodinebased CM

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)

Crossreactivity between gadoliniuAbased CM
Information on crosseactivity between GBCA is limited to case reports. Skin testing and provocation
tests in such cases have shown thatsseactivity among macrocyclic GBCA does exist.

Crossreactivity between iodindased and gadoliniurbhased CM

A recent study examined the risk of reactions to both iodiased CM and gadolinitdmased CA in

the same patient in a large patient cohort. Tineidence of primary hypersensitivity reactions was
0,047% andhe incidenceof secondary reactions 0,024%. Nearly all reactions were mild, requiring no
treatment. Therefore, croseeactivity between iodinédbased and gadoliniurhased CM is an

extremely rae event Godagari, 2013
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Module 1 Management of acute hypersensitivity reactions

Research question
What is the optimal treatment for acute hypersensitivity reactions to contrast media?

Introduction

Acute hypersensitivity reactions often create stress and confusion and appropriate training and clear
protocols are advisable. buddition, depending on the location where a patient suffers an acute
hypersensitivity reaction to contrast media, the available expertise of the personnel that cares for
such a patient may differ. Similarly, the availability of equipment and drugs todrgatssible

serious) hypersensitivity (or anaphylactic) reaction will be different. In a radiology or cardiology
department the possibilities are different (and usually more limited) than in a department of
emergency medicine or on a hospital ward. Iniédd, different treatments will have variable modes

of action. What is the most appropriate management of a patient with an acute hypersensitivity
reaction to contrast media?

Search and select criteria
To answer the clinical question a systematic litaratanalysis was performed.

P (Patient): patients with acute hypersensitivity reaction after contrast media
administration;

| (Intervention):  treatment, antihistamines, corticosteroids, epinephrine, adrenalin, dopamine,
norepinephrine, noradrenalin, histamine H1 antagonists, histamine H2
antagonists, H1 antihistamines, H2 antihistamines, adrenergicdetzeptor
agonists, glucocorticoids, management/treatment of hypersensitivity
reactions/allergic reactions after comtst media, antihistamines, volume
resuscitation, bronchodilators;

C(Comparison): conservative treatment or comparison of interventions mentioned above;
O (Outcomes): duration of acute reaction, severity of complaints, morbidity, mortality, costs,
hospitalization in an Kanit, length of stay.

Relevant outcome measures

The working group consideredorbidity, mortality, and hospitalization in an-i@it, critical outcome
measures for the decisiemaking process, and duration of acuaction, length of stay and costs
important outcomes for the decisiemaking process.

Methods

The databases Medline (OVID) and Embase were searched fafrdahuary 1985 to #8of
December 2017 using relevant search terms for systematic reviews (@R&)mized controlled
trials (RCTs) and observational studies (OBS).

{ SI NOK GSNX& INB &aK2gy dzy RSNJ GKS ¢l o6 &[ AGSNI {dzNB
20 SR, 64 RCTs and 224 OBS. Based on title and abstract a total of 47 studielestedce After

examination of full text all studies were excluded, and no studies definitely included in the literature
summary.

4 studies describing treatment effects of acute adverse reactions were found. Although these studies
did notfulfil the searctcriteria, a short description is included in the literature summary, due to lack

of other evidence. Since no control groups were available, no evidence tables or risk of bias tables or
conclusions of these studies are included.
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Summary literature of studds with a control group
Not applicable. There were no studies investigating the research question. Theonarative
studies are briefly described in the table below.

Conclusions oftudies with a control group
Not applicable. There were rstudies investigating the research question.

The noncomparative studies are briefly described in the table below.
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Tablel.1 Treatment effects of acute adverse reaction
Abbreviations: CM contrast media; CPR CaRlibmonaryResuscitation; 1V intravenous;

Reference | Totaln CM type Acute reaction(s) Treatment Outcome Remarks
(n men)
Collins, 9 (3) LOCM or Ranged from laryngeakedema  |All patients received 7/9 discharged in good 4/9 patients had some
2009 Gadolinium hypotension, epinephrine;seven0.1 mg condition on same day of CM form of cardiovascular
tachycardiadyspnoeao hypoxia |(recommended initial dose) | administration side effects attributed
and two 0.3mg. 1/9 Intubation during to epinephrine (such as
transport to emergency GaOKSah GA3R
Oxygen, diphenhydramine, | department, admittedto ICU,
steroids discharged 5 days later in
good condition
1/9 Full cardiac arrest;
autopsy showed
retroperitoneal keemorrhage
as cause of death
Wang, 2008| 11 (3) Norionic Ranged from erythema, Ranged from CPR, 1 mg of | 2/10 returned to their normal| Allergictype reactions
iodinated hypotension, tachycardia, epinephrine 1V, 1 mg of baseline conditions within 1 | occurred in 545/84,928
contrast unresponsiveness, arrhythmia, Jatropine IV, 50 mEq of sodiy hour. (0.6%) of IV injections
media cardiopulmonary arrest, nausea fbicarbonate, 1 g 10% calciuf 6/10 manifestations resolved| of nonionic iodinated
diaphoresis, rash, hypotension, [chloride, 10 L of OBy face completely within24 hours, | contrast media in
semiresponsiveness, dizziness, [mask, normal saline, 50% | despite their severe adults. 221 received
gagging and difficulty speaking, |dextrose, 50 mg of symptoms and treatment.
bronchospasm, chest pain, diphenhydramine IV, 100 mq often extensive treatment.
generalized seizure to facial of diphenhydramine to 120 | 2/10 sequelae lasting more
oedema mg of methylprednisolone | than 24 hours
1 unknown outcome
Power, 85 (sex Gadobutrol 81 mild allergielike Half of the patient with mild | All patients were discharged
2016 unknown) reactions urticaria, rash, reaction received treatment

pruritus, limited erythema,
Localized facialedema, itchy
eyes, scratchy throat, sneezing,
coughing

3 moderate reactions: erythema
over theanterior

chest with dyspoea, rash and
soft palate swelling, pruritic
rash and throat tightness

ith oral diphenhydramine

All patients with moderate
reactionsreceived treatment
ith diphenhydramine.

50-minute
resuscitation effort
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1 severe: breathing and
swallowing

Piscaglia,
2006

29 (sex
unknown)

SonoVue

Ranged from dyspoea,
bronchospasm, slight
hypotension and bradycardia,
clouding ofconsciousness,
lumbar pain, severe
hypotension, cutaneous ragh
paraesthesia at the upper limbs

I\ corticosteroids,
antihistamines 1 g of
hydrocortisone, lying down
\with both legs raised, lying
down.

All patients recovered
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Considerations

As there are no comparative studies investigating the research question, the
recommendations in this national guideline are based mainly on results of observational
studies and reviews (for example Cohan, 1996; Bang, 2013; Morzycki, 297 2Bb7) and
of the recommendations of the American College of Radiology 2018 (Manu@bntrast
Mediav10.3)(ACR, 2018 the European Society of Urogenital Radiology 2018 (electronic
v10)(ESUR, 20)8the International Consensus @nugAllergy2014 (Demoly, 2014), the
World AllergyOrganisatio(WAO)Anaphylaxis Guidelines 2011, update 2015 (Simons,
2015), the Europeansiociation for Allergy and Clinical Immunology (EAACI) Guidelines
2014(Moraro, 2014, and adapted to the Dutch situation (Het Acute Boekje, NIV 2017).

Because of the diminished frequency of acute adverse reactions to contrast media, there are
now fewer @portunities for physicians to recognize and appropriately treat such adverse
reactions. Reactions vary from very mild itching to anaphylactic shock. These reactions are
often unpredictablejthey can happen to people who have not been exposed to contrast
media in the past. A mild reaction may be datfited but can also develop quickly into a

severe reaction. When a hypersensitivity reaction to a contrast medium qdtere may

be insufficient time or opportunity to study the treatment protocols and noadiion doses.

It is therefore important for persanel to be prepared for any adverse reaction, to have clear
treatment guidelines, and to have access to a rapid response team in case of an emergency.
(Segal, 2011).

Because of this diminishdtequency and lack of experience in treatment, major guidelines
recommend to restridhg adrenaline injection in the hands of naxperienced users to
intramuscular administration route only.

Risk factors

Patients with a history of previous moderate oveee acute hypersensitivity reaction to an
iodine-based contrast medium or gadoliniubased or ultrasound contrast agent, asthma
requiring medical treatment and atopy requiring medical treatment are at increased risk
(ESUR 2@t ACR 2018).

Prevention
Usea low-osmolar or iseosmolar nonrionic iodinebased contrast medium. In patients at
risk consider an alternative test not requiring a contrast agent of similar class.

For previous contrast agent reactors: use a different contrast medium/agent, preferably
after consultation with a specialist in drug allergy

The radiology department should be prepared for an acute reaction. This requires regular
and optimized training of personnel. See Chap@inganisatiorof healthcare.

Note:

Instead ofadrenalinel:1,000 ampules for IM administration each department may also opt
for selecting the (more expensivajirenalinel:1,000 auteinjectors for exampleEpiPen

(Asch 2017).

Recommendations

Preparation:
1 Have the drugs (as a minimwaquirement: adrenaline, salbutamol, Hihtihistamine
(clemastine)V, and corticosteroidV (for exampleprednisolone), equipment and
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protocol for treatment of an acute adverse reaction readily available in every room
where contrast agents are administere

1 Adhere to local protocols for accessibility of a resuscitation and emergency respon
team.

1 Keep every patient with an acute hypersensitivity reaction to CM in a medical
environment for at least 30 minutes after contrast agent injection. Moderate andree
reactions need a prolonged observation.

Acute management general principles:

Check and stabilize patient according to the ABCDE method.

Stop infusing contrast agent and repldtdine with crystalloid.

Dyspnoeaor stridor: let patient sit up.

Hypotension: keep patient in prone position, raise legs.

Consider measuring serum tryptase (see recommendations in chapter Laboratory

Diagnosis of Hypersensitivity Reactions to Contrast Media).

1 Record acute allergic reactis in allergy registry (see chaptérganisatiorof
Healthcare).

Note: After administration of clemastine the patient may no longer be able (or insured)

drive a car/motorcycle or to operate machinery.

=] == = == =

Severe reactions:

Cardiac or respiratory arrest:

{ Start CPR.

1 Call the CPR team.

Anaphylactic reaction or stridor:

Call rapid response team (S€am).

Give oxygen 10 to 15L/min with n@ebreathing mask.

Give 0.5mg adrenalind in lateral upper thigh.

Give fluid bolus of crystalloid 500fMin 10 minutes, repeat as necessary.
Consider nebulizingalbutamol 5mg obudesonide 2mg for stridor.
Give clemastine 2miy.

Consider to addorticosteroid for example prednisolone 50my.

= =4 -4 -8 8 98 -9

*Or equivalent dose of other corticosteroid.
50 mg prednisolone is equivalent to:

1 40 mg methylprednisolone.

i 8mg dexamethasone.

f  200mg hydrocortisone.

I *Consider adding corticosteroids to prevent a biphasipratracted anaphylactic
reaction if initial symptoms are severe

Moderate reactions:

Consider transferring the patient to a department with facilities for monitoring of vital

functions.

Isolated bronchospasm:

i Salbutamol 2.5 to 5mg nebulizationomygenby facemask 10 to 15 L/min (nebulizatio
is easier to administer and more effective than dose aerosol).

1 In mild cases asthma patients may use their own salbutamol dose aerosol.

9 In case of deterioration give aglaline 0.5mdM and consider calling rapid response
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team.
Isolated facialoedemawithout stridor:
I Give oxygen 10 to 15L/min with neabreathing mask.
I Give clemastine 2miy.
9 If oedemais severe or near airways or if stridor develops: treat as anapBylaxi
Isolated urticaria/diffuse erythema:
1 Give clemastine 2mky.
i Ifaccompanied by hypotension: treat as anaphylaxis.
Isolated hypotension:
9 Give bolus of crystalloid 5001V, repeat as necessary.
9 If accompanied by bradycardia, consider atropine 0.5vhg
i If accompanied by other symptoms: treat as anaphylaxis.

Mild reactions

General:

1 Mild reactions may only need reassurance.

1 Observe vital signs until symptoms resolve.

1 Do not removeV access during observation.

Consider:

9 Prescribing a nosedating antihistamine, for examptesloratadinesmgPO(once daily
for mild allergic reactions.

I Ondansetron 4md\V for protractedvomiting.
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Guideline Module Validity And Maintenance

Module! Responsible | Authorisation | Next Frequency | Who Relevant factors for
authorsy Year evaluation | of surveys the | changing

of validity evaluation | aduality of | recommendations
of guideline | of validity® | this
guidelinet

Treatment | NVVR 2019 2024 5 years NVVR New scientific
of acute developments
reactions

! Name of module

2 Responsible authors (per module)

3 Time frameOnce every 6 months, year, two years, five years, longer
4Responsible scientific society

5 Variety of reasonsnew drugs, new therapies, et cetera
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Module 2 Treatment of late reactions to contrast media

Research question
What is the optimal treatment for late hypersensitivity reactions to contrast media?

Introduction

Late (nonimmediate) adverse reactions are heterogeneous. Because cfetfimiting
character of most cutaneous adverse reactions to CM, the traditional mainstay of
treatments follows that of cutaneous adverse reactions to other drugs: withdrawal of the
drug and preventative measures for reuse of them, combined with sympiiortraatment.

Severe cutaneous reactions such as Stexjaisison syndrome (SJS), toxic epidermal
necrolysis (TEN), acute generalized exanthemapmssulosis (AGEP), and drug reaction
with eosinophilia and systemic symptoms (DRESS) may warrant specific therapeutic
interventions by a dermatologist.

Search and select criteria
To answer the clinical question a systematic literature analysis was pextbr

P (Patients): patients with late hypersensitivity reaction after contrast media
administration;
| (Intervention):  diagnosis, treatment, management, stero@closporinetopical,

emollients;
C(Comparison):  conservative treatment ocomparison of interventions above;
O (Outcomes): recovery, course, outcomsequels mortality, morbidity

hospitalization

Relevant outcome measures

The working group considered mortality and recovery critical outcome measures for the
decision making prmess and coursegequel morbidity and hospitalisation important
outcomes for the decision making process.

Methods

The databases Medline (OVID), Embase and the Cochrane Library were searchetidiom 1

January 1985 to'"8of January 2018 using relevant search terms for systematic reviews (SRs),
randomized controlled trials (RCTs) and observational studies (OBS). Search terms are shown

dzy RSNJ G KS ¢ 06 a[AGSNFGdzNB {SI NOKée¢d ¢KS f AGSNI @
and 336 OBS. Based on title and abstract a total of 12 studies were selected. After

examination of full text all studies were excluded and 0 studies definitely included in the

literature summary.

Summary literature
Not applicable. There were no studi@westigating the research question.

Conclusions
Not applicable. There were no studies investigating the research question.

Considerations
There are no solid data on different management strategies of late hypersensitivity reactions
to CM, especially nstudies with a control group.
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In many patients there are nespecific symptoms, such as headache, nausea, dizziness,
gastraintestinal upset, mild fever and arm paiBd]lin, 2011 Christiansen2000;Egbert

2014). Skin rashes with erythema asdelling and headache are the most frequent true late
hypersensitivity reactions or symptonfieh, 2010) Most rashes are macular or
maculopapular exanthemas, which usually occul®2ays after first exposure to CM and 1
to 2 days after reexposure to tle same CM. Most reactions are mild to moderate in
severity, are usually selifniting and resolve within 1 week.

Treatment is symptomatic, based on the type of reaction presented. More than 90% of the
late hypersensitivity reactions involve the skin otguallyoral antihistamines and topical
corticosteroid cremes or emollients treat these late skin reactioAstipyretics may be

given for fever, and anttmetics for nausea or Gl symptoms.

Very rarely the patient may develop a severe reaction withegalizedpustulosisor
blistering of the skin, for which specialized dermatology care needs to be sought (Egbert
2014).

It seems therefore to be rational to follow the recommendations from the ESUR v10
guideline (Bellin, 2011; ESUR, 80d4nd/or the ACRManual on Contrast Media v10.3 (ACR
2018)

Recommendations

Warn patients who have had a previous hypersensitivity reaction to contrast media, th
late hypersensitivity reaction may be possible, usually a skin reaction.

Patients should contadheir general practitioner if they have a late hypersensitivity reac
after CM administration.

Considelinformingthe radiology department about the occurrenaad symptomsf a late
hypersensitivity reaction after CM administration.

When the symptora of a late hypersensitivity reaction are mild, a waitksee approach
can be justified.

Treat late hypersensitivity reactions symptomatically.

Consider treatment of skin reactions with oral or topical corticosteroids.

When severe symptoms develogych as generalized pustulosis or painful cutaneous
blisters, refer the patient to a dermatologist.
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Module 3 Laboratory tests in patients with hypersensitivity reaction to
contrast media

Research question

What is thediagnostic value of serum and/or urine testing for contrast media induced

hypersensitivity reactions?

Sub questions

1.  What is the diagnostic value of tryptase and/or urine (methmgtamine, methy
imidazolacetiacid) measurement at the time of the hypersensitivity reaction?

2.  What is the diagnostic value of follewp examination of serum (tryptase) and/or
urine (methythistamine, methyimidazolacetic acid) in order to estimate the risk for a
hypersensitivity reaton in the future?

3. What s the diagnostic value of the basophil activation test with contrast media?

Introduction
Serum/blood tests can be performed prior to first contact with the agent, immediately after
a reaction and after a possible hypersensitivégction in the past.

Hypersensitivity reactions to contrast media are described as acute (immediate) or late
(delayed). Reactions occurring within one hour after application of the agents are coined as
immediate, reactions occurring later are calledayed. As delayed reactions are considered
to be caused by cethediated immunity, serum/blood tests so far are only considered
relevant to confirm the diagnosis of immediate hypersensitivity. Specific diagnosis of
delayed type hypersensitivity can be fmmmed using patch tests and/or in vitro tests such

as lymphocyte activation test or other laboratory techniques. The latter tests require
specialized laboratories. In order to predict the risk of immediate hypersensitivity reactions
serum tests could beimed at detecting specific antibodies (IgE) to contrast media. In reality
this has not been shown to be a realistic option, partly due to technical difficulties.

Moreover, for many years reactions to contrast media were considered as ndtiig,

although occasionally evidence for an IgE mechanism has been put forward (Carr, 1984;
Mita, 1998) In recent years however positive skin tests to contrast media in patients having
experienced hypersensitivity reactions have suggestediah largerole for spedic IgE, at

least in some patient@Clement, 2018)It should be noted however that positive skin tests

not necessarily imply an IgE mediated mechanism. The same goes for positive results of the
basophil activation test (BAT). Although a positive reduthig in vitrotest usually indicates

the presence of specific IgE, it again does not exclude other activation modes of these blood
cells. To date there is no commercially available test for directly detecting circulating IgE
anti-bodies to contrast mediaApplication of the BAT to heparin stabilized blood samples of
patients shows interesting results but its availability is limited to specialized laboratories.
The technique is based on detection of activation of basophils with flow cytometry. CD63
expres$on serves as a uniqgue marker of 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 also histamine produatiold be

used as a marker of basophil activation, but determination of histamine is generally more
cumbersome than detecting CD6P regulation(Hoffmann, 201% Serum tests can also be
performed in order to detect a tendency to develop immediate hyper reactivity reactions in
general. Serum bettryptase (ryptase is an indicator of mast cell activity and can readily be
measured in hospital routine laboratorieéSerum histamine determination is unpractical
because of its short halife in circulation. An alternative is detection of histamine

metabolites in urine.N-_-Methylhistaming. Although this is a reliable parameter (Keyzer,
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1984) very few laboratories hawhis test in their routine repertoire, and there are not
enough data available with respect to contrast media. So, this parameter is not further
discussed.

Literature search and selection
To answer our clinical question a systematic literature analyasperformed for the
following research question:
What is the diagnostic value sérum/bloodtesting for contast media induced
hypersensitivity reactions?

P (Patients): patients with hypersensitivity reactions after undergoing radiological
examinations with contrast media;

| (Intervention): serum testsiryptase, Blood test, basophil activation test;

C(Comparison):  Qinical 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, negative predictive value).

Relevant outcome measures

The working group considered sensitivity and specificity critical outcome measures for the
decisionmaking process; ancbnsidered the area under the curve and the positive and
negative predttive values important outcome measures.

Search and select (meath)

The databases Medline (OVID), Embase and the Cochrane Library were searched from
January 1985 to f1of January 2018 using relevant search terms for systematic reviews
(SRs), randomized controlled trials (RCTs) and observational studies (OBS). The literature
search resulted in 368 hits: 12 SRs, 17 RCTs and 339 OBS.

Studies were selected based on thddeling criteria:

1 adult patients with hypersensitivity reaction to radio contrast media;

1 evaluationof diagnostic properties of serum tests to Contrast Media;

1 applicationof a provocation test to confirm results of cutaneous testing;

i reportspredefined outome measures: sensitivity, specificity, area under the curve,
positive predictive value, negative predictive value;

1 serumtests tryptase and urinenetabolites should be performed within 24 hours after
hypersensitivity reaction;

1 no reports of case series @xploratory findings (® O).

Based on title and abstract a total of 2 studies were selected. After examination of full text
all studies were excluded. Reason for exclusion is reported in exclusion table

After examination of full text aitudies were excluded, and no studies definitely included in
the literature summary.

Summary of literature
Not applicable. There were no studies investigating the research question.
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Conclusions
Not applicable. There were no studiesestigating the research question

Considerations:

Basophil Activation Test

Although no literature was found that answered the search question, a number of studies
provide indirect evidence, which will be further discussed here.

Bohm (2011) describedhat plasma histamine and basophil degranulation using CD63
expression and flow cytometry in blood samples of patients receivinglan (n=12) or
iopromide(n=19) injections were analys&efore and up to 24 hours after CM injection. In 5
of 12 and 5 ofl9 resp. a significant activation of basophils could be measured. No relation
with clinical parameters was reported.

Philipse (2012) described a case report wheB8-year oldfemale patient experienced an
anaphylactic shock immediately after administeatt of iomeprol. The reaction was

documented by clinical parameters and by an elevation of serum tryptase. lomeprol induced
a dosedependent CD63 elevation on blood basophils. No activation was shown after
stimulation with iohexol and iopromide. CD63 exgsi®n on basophils incubated with

iomeprol in five controls individuals remained unchanged.

Salas (2013) describedtohort study in which patients with symptoms suggestive of an
immediate hypersensitivity reaction to radio contrast media were evaluatld skin tests

and a drug provocation test. If skin tests or drug provocation tests were positive a BAT was
carried out with the same test panel as used for skin tests. 62.5% of patients considered
positive either from skin test or drug provocation testdha positive BAT. The authors
suggested that the BAT test could contribute to diagnostic efficacy in patients with
hypersensitivity reactions to contrast media. Chirumbolo (2013) responded to the above
mentioned publication (Salas, 2013) that the usefutheta BAT test is limited due to
technical problems in the laboratory and the possibility of delayed reactions to radio
contrast media that are likely not to be detected in the BAT test.

Pinnobphun (2011) described a cohort study in wHB&T tests werperformed in 26

patients with immediate RCM (three different media) reactions and in 43 specimens from
healthy volunteers. CD63 and CCR3 positive basophils were analysed by flow cytometry. The
BAT test yielded a significantly higher percentage of activatesdphils in patients than in

normal controls. Both the percentage of activated basophils and the stimulation index had
acceptable discrimination powers to diagnose RCM hypersensitivity according to the

authors. The specificity of the test raeyfrom88.4 to 100%, an ROC curve showachrea

under the curve value d.79.

Trcka (2008) evaluated 96 patients with anaphylaxis symptoms after contrast media
application. In 4 patients (anaphylaxis grade 2 or3) skin test and basophil activation tests
suggestd an IgE mediated allergy to contrast materials according to the authors.
(iopromide, iomeprol, iopentol) Two patients were subsequently treated with an alternative
compound that was well toleratedD63 and IgE double positive cells assessed the basophil
activation A positive response was dependant on an analysis of more than 5% activated
basophils, provided a stimulation index equal or higher than 2.

Kolenda (2017) evaluated the value of BAT and skin test for the diagnosis of RCM
hypersensitivity. Thiy-three patients had responded to an injection of GBCA during MRI.
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Skin test were performed according to EAZENDA guidelines. BAT was performed using

the Allergenicity kit (Beckman Coulter). Gadobenate, gadoteric acid and gadobutrol were
analysedintNBS (Sy¥2fR RAfdziAzyaod tlFiASyda 6SNB 0O2y:
GSata 6SNB yS3ardiAdS sKSNBlIa (KSe 4SNBE O2yaiRSN
positive with an evocative clinical history. CD 203C expression induced in more thdén 6% o

the basophil cells was considered as a positive response. In 13 of tittn®dlergicpatients

the BAT was negative, corresponding to a specificity of 93%. Whexpased five of 14

LI GASyda G2t SNF GSR (i Knbn-alledptQL INGE i tdRpxiidzBy O2 Y FA NN A Yy 3
NEFOGA2yd LYy GKS WHEtSNABAOQ LIRLJzZ FGA2Yy .1 ¢ gl a
sensitivity of 68%.

In conclusion:

To date four clinical studies, a case report and a mechanistic study have been published
concerning application of the BAT in patients with hypersensitivity reactions to contrast
media. Based on 3 studies two review articles concluded that: the literatemsonstrated a
sensitivityof 46 to 63% andpecificityis of 89to 100% KMangodt 2015;Steiner, 2015k This
conclusion however bypasses heterogeneity in laboratory techniques, control groups and
agents involved. It should be noted that thesgtimates of sensitivity and specificity were
based on a low percentage of clinical reactors as were identified as hypersensitive by skin
test or drug provocation tests. Howevén the recent study of Kolenda almost half of the
patients that had respondedith symptoms within minutes after GBCA injections had
positive skin testgperformed according the EAAENDA guidelines). In these patients a
high specificity and relatively high sensitivity was found.

Based on the earlier three studies, performing B&T test in all patients with a history of

hypersensitivity reactions to contrast media would probably only identify a very low
LISNOSyYydlF3sS a WwWrtt SNEAOQ® | 246S@PSNI NBSOSyYy (G &ddzRA
positive patients. The diagnostic valaf both skin testing and the BAT are dependent on

studies with adequate power and an objective outcome parameter such as a graded dose

challenge.

Serum Tryptase
Although no literature was found that answered the search question, a number of studies
provide indirect evidence, which will be further discussed here.

Zhai (2017) described a cohort study in 27 adult patients presenting with at least a grade 2
immediate reaction after intravenous injection of ICM during CT. Blood samples were
evaluated with nultiple parameters. Tryptase levels were significantly elevated as compared
to a control group of healthy adults

Clement (2018) reported a cohort study in 245 patients with a history of hypersensitivity

who were skin tested, of whom 41 were identifiedd$ £ f SNEHEAOQ (2 A2RAYlIGSR |
gadolinium based ones. Histamine and tryptase concentrations increased with the severity

of the reaction.

Comment (2014) described a cohort study where in the realm of forensic pathology beta
tryptase measurement®or diagnostic purposes were performed in pasbrtem serum
obtained from femoral blood in 94 patient with different fatalities, among others death
following contrast material administration (six cases). Values over 11.4 ng/mL were
systematically identifid in serum and pericardial fluid following contrast material
anaphylaxis and in six cases unrelated to anaphylaxis.
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Fellinger (2014) described that a cohort of 15298 individuals was tested for basal tryptase
levels. Elevated serum tryptase (> 11.4 ng/meam20+£21 ng/mL) as a predictor of
anaphylaxis was evaluated in 900 patients and compared to 900 patients with normal
tryptase values. Elevated tryptase levels were significantly associated with adverse reactions
to drugs, radio contrast media and inseting reactions. Anaphylaxis was more common in
patients with elevated tryptase levels.

Srivastava (2014) reported a systemic retrospective survey that was carried out in 171
individuals whose data were extracted from the emergency department and disécia

allergy clinic records. Thidpur patients had a grade 1 anaphylaxis reaction, 61 a grade 2
reaction, 27 a grade 3 reaction and six patients a grade 4 reaction. 24 patients could not be
graded due to lack of adequate clinical details, 6 patienteliged a biphasic response.

50% of cases were diagnosed with idiopathic systemic anaphylaxis and 28% triggered by
drugs, foods, and other allergies. Serial tryptase measurements were not available in 117 of
the cohort. A weak positive correlation was deext between acute serum tryptase and
severity.

Palmiere (2014) performed a retrospective literature analysis on risk factors of causes of

Iyl LKetfl EAE RdzS G2 O2y iGN} &ad YSRAIFI® a2NB2gSNE
institution wasevaluated.Only a minority of fatal cases had been previously exposed to

contrast compoundsn eight cases with fatal anaphylaxmstmortem serum tryptase

concentrations ranged from 51 to 979 ng/mL

In conclusion:

Tryptase is the principal protecomponent of human mast cell secretory granules.

It was shown to be a marker of mast cell degranulation that is released together with
histamine. Detecting elevated levels of tryptase following a suspected hypersensitivity
reaction may help to establish étfinal diagnosis of anaphylaxis. Tryptase levels peak at 0.5
to 1.5 hours and thereafter rapidly decline with a-25 hours haHife (Schwartz20086.

The ESUR guidelines suggest that: blood samples for tryptase are taken following suspected
anaphylais, so that the diagnosis can be established. 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 visitation is underway the second at 1 to 2 hours after théioasand

the third at 24 hours or during convalescence (ESUR v10)

An elevated level of tryptase @so a hallmark of systemic mastocytosis. Systemic
mastocytosis is a risk factor for developing hypersensitivity reactions to multiple agents such
as insecivenom and drugs that tend to cause mast cell degranulation (ESUR v10). Contrast
agents, notably iodinated products, may per se cause some extent of mast cell and/or
basophil degranulation. However, the risk of modern contrast agents in mastocytosis seem
to be limited (Hermans2017. Moreover since mastocytosis is a rare disease, routine
determination of tryptase does not seem warranted, notably not when other signs and
symptoms of mastocytosis are absent (urticaria pigmentosa, osteoporosis at early ag

insect sting and/or unexplained anaphylactic reactions).

When confronted with a patient responding with a presumed hypersensitivity reaction to
infusion of contrast media the first care of course should be for the safety of the patient.
However, oncehie patient is stabilized care should be taken that clinical parameters are
documented according to standard procedures. These procedures include exact

documentation of infusion materials, medication taken by the patient or given during the
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procedure and ahical parameters such as such as blood pressure, heart rate, oxygen
saturation, auscultation of the lungs, inspection of the oral cavity and of the skin of the
patient.

The signs and symptoms of hypersensitivity reactions are not alel@gscut or may be
misleading initially. Therefore, objective documentation is sought for. Tryptase is a readily
available marker for mast cell/basophil activation; serum levels are normally less than 11.5
ng/mL. Other studies have proposed a somewhahbigutoff value (14 ng/mL). Elevated
levels of serum tryptase occur in both anaphylactic and anaphylactoid (nenddited)
reactions, but a negative test does not fully exclude anaphylaxis. Basal tryptase levels over
20 ug/Lare suggestive of systenigastocytosis. The utility of serum tryptase for the
diagnosis of anaphylaxis has been published in the context of the NICE quality standard
anaphylaxis 2016 (NICE QS119).

Serum tests in patients suspected of having experienced hypersensitivity reactions

contrast media in the past

Conclusions:

Laboratory tests aimed at detecting specific antibodies can be performed by using skin tests
and/or anin vitro basophil activation test (BAT) with the suspected compound. In many
cases it is not clear twhich compound the patient has reacted in the past. Both skin testing
and the BAT test may help to select an agent for future safe use. However, the diagnostic
accuracy of these methods still is insufficiently documented. The final evaluation of the
diagndi A O LR oSN 2F (GKSAS GSaida Aa RSLISYRSy
probably the graded dose challenge.

Concerning the documentation of hypersensitivity reactions to contrast media (grade Il and
) patients should be followed up witdt least one sample for blood tryptase 1 to 2 hours
after the reaction and one at a latime point (ESUR v10).

Testing of baseline levels of tryptase before contrast studies are performed may be useful in
patients who have previously developed hypersemgitireactions to contrast media.

Elevated baseline levels of serum tryptase in a steady state situation sulgggstsence of

a mast cell disorder. Already mildly elevated baseline tryptase levels somewhat increase the
risk of anaphylaxis (Fellingemdblent systemic mastocytosis (ISM) is considered a risk

factor for contrast agent anaphylaxis, but a recent study did not confirm this (Hermans
2017). ISM is the most frequent form of mast adiborders;its prevalence in the

Netherlands is suggested b around 1 in 10,000.

Detection of serum tryptase is relatively cheap, routinely performed in many laboratories,
serum samples can be stored-20°Cand normal values are well established. If elevated
baseline tryptase values are found (32§/L) a futher haematological analysis should be
performed including &it analysis to further specify the type of mast cell disease.

Given the low frequency of hypersensitivity reactions to contrast agents, the low frequency
of mastocytosis in theopulation and the still insufficiently documented sensitivity and
specificity of serum tests (incl. BAT), routine testing of all patients prior to injection of
contrast agents is not warranted.

It is important to have local protocols that describe whpttysician is responsible for
measuring the tryptase levels during and after a hypersensitivity reaction (see Chapter
Organisatiorof healthcare).
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Recommendations
Do not perform a Basophil Activation Test routinely in all patients with a history of
hypersersitivity reactions receiving contrast medium.

Measure serum tryptase betweentd 2 hours from the start of all moderately severe to
severe acute hypersensitivity reactions to contrast media.

\ When tryptase is elevated, refer the patient to a dltprgy specialist. \
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Module 4 Diagnostic value of skin testing for hypersensitivity reactions
to contrast media

Question
What & the diagnostic value of skin testing for hypersensitivity reactions to contrast media?

Introduction

Hypersensitivity reactions to contrast media (CM) haaditionally been classified as nen
allergic reactions, and skin tests have been regarded as inappropriate tools in patients
having experienced such reactions. However, during the last few years several investigators
have reported positive skin tests jratients with both immediate and neimmediate
hypersensitivity reactions after CM exposure, which indicates that immunological
mechanisms may be involvaduch more frequentlyln this chapter the diagnostic value of
cutaneous tests for CM hypersensitivigactions 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.

Literature search and selection
To answer our clinical question a systematic literature analysis was performed for the
following research question:
What is the diagnostic value of cutaneous testing for hypersensitivity reactions to
contrast media?

P (patient category)atients with hypersensitivity reactions after radiological
examinations with contrast media;

| (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 curvesipive predictive
value, negative predictive value).

Relevant outcome measures

The working group considered sensitivity and sfety critical outcome measures for the
decisionmaking process; and considered the area under the curve anddbi¢ive and
negative predictive values important outcome measures.

Search and select (method)

The databases Medline (OVID), Embase and the Cochrane Library were searched from
Januaryl985 to 4" of January 2018 using relevant search terms for systematiews (SRs),
randomized controlled trials (RCTs) and observational studies (OBS). The literature search
resulted in 358 hits: 7 SRs, 33 RCTs and 318 OBS.

Studies were selected based on the following criteria:

i adult patients with hypersensitivity reactioto contras media;

| evaluationof diagnostic properties of cutaneous testsauntrag media;

1 applicationof a provocation test to confirm results of cutaneous testing;
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1 reportspredefined outcome measures: sensitivity, specificity, area under the curve,
positive predictive value, negative predictive value;
1 no reports of case series or exploratory findingsk(t0).

Based on title and abstract a total of 37 studies were selecMigr examination of full text

a total of 33 studies were excluded and five studies were definitely included in the literature
summary. Reason for exclusion is reported in exclusion &hle® -reféi@héng leads to

the inclusion of one additional sdy.

Five studies were included in the literatusiealysisthe most important study

characteristics and results were included in the evidence tables. The evidence tables and
assessment of individual study quality are included. Since study setup, aneldappl
cutaneous tests differed across the studies, we were not able to pool the outcothe of
diagnostidest properties.

A total of 13 studies did ndtilfil the predefined selection criteria, but described the positive
rates of cutaneous tests in patienthat had a hypersensitivity reaction after CM
administration. The positive rates in these studies are also described Buddive rates of
cutaneous testsBecause these studies did not fulfil the selection criteria, and did not
include a comparison ta 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 otthe literature

1.  Skin testing for acute (immediate) hypersensitivity reactions to comninasia
The diagnostic properties of cutaneous tests for acute (immediate) hypersensitivity
reactions (HSR) to Contrast Media (CM) were evaluated in 4 studies (Cad@i Kim,
2013; Salas, 2013; Sese, 2016).

Caimmi (2010) studied 159 patients. Patientse tested with the culprit iodindvased

contrast medium (ICM) and a set of other ICM if they were positive for the culprit ICM or if
its name was unknown. In order to know which ICM was involved, either patients already
knew which drug had supposedly caal the reaction and provided us the name, or we
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 testere performed firstly as prick tests with the undiluted
commercially available solution and then, if negative, by intradermal tests (IDTL:. &0a
dilution. Prick tests were considered positive if, after 15 min, the size of the weal was at
least 3 mm irdiameter. 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 asnitant a
maximum dilution of 1/10. The negative predictive value was defined as the propoftion o
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). Seventyone of them (5 9.2%) were females of a median age ¢#5€65) years. The
majority 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 orinonediate. For

immediate reactions, 42 (41.6%) were of grade 1, 34 (33.7%adéd, 20 (19.8%) of

grades 3 and five (4.9%) of grade 4. Only one (5.9%) of the limmoediate 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
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pending nonionic CMnhanced CT was performed just before the CT examinations. The
nonionic CM used in our contrast CT scamsiopromide, iomeprol, iohexol, and iodixanol.
Intradermal tests were conducted on the volar surface of the forearm with a nepati
control, saline. A 1:10 solution of contrast medium (®8.05 mL), which has been
accepted as a nairritating concentration, was gently injected into the skin to produce a
small superficial bleb of 2 to 4 mm. Skin test positivity was determinedlne 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 expos€&Mo61 (16.2%) had a
history of at least 1 mild Cidssociated reaction: 56 (91.8%) had immediate and 5 (8.2%)
non-immediate 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 Test (ST) was carried out using the following CM: iobitridol, iomeprol, iodixareeblioh
ioversol, iopromide and ioxaglate. Prick tests were performed using undiCké@nd IDT
using 16fold dilutions. In those with a negative ST, a sitdied placebecontrolled
provocation test was performed with the CM involved, as described. lieqatwith 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 dagesponse curves and cytotoxicstudies). The median age
of the subjects evaluated was 54.5@7 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 ii22578%). 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/(®6) had grade | reactions, 18 (20%)
grade Il and 3 (3.33%) grade lll. No patientsdrade IV reactions.

Sesé (2016) included 37 patients with a definite history of immediate HSR due to-lodine
based Contrast Media (ICM). Immediate HSR was classitiecdagy 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, arichdermal tests (IDTs) were
performed successively with 1d6ld and then 16fold 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&ars at the time of the reaction) completed the

tests. The clinical severity of the reaction was grade | for 26 (70%), grade 1l for 4 (11%), and
grade Il for 7 (19%); 35 (95%) reported skin or mucosal symptoms, including pruritus (n =
11), facial erythera (n = 6), generalized erythema (n = 20), urticaria (n = 7), and angioedema
(n=5).

2. Skin testing for late (delayed) hypersensitivity reactions to contrast media

The diagnostiproperty of cutaneous tests for late (hammediate) hypersensitivity

reactions (HSR) to lodinated Contrast Media (ICM) exeduated in one study (Torres,

2012). Torres included a total of 161 subjects with a history of aimomediate reaction
imputable to at least one CMasevaluated. One patient who developed Steveishnson
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%), iohekdl (16.8%),
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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 amlayticaria. 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 (%) two episodes.

Results

1. Skin testing for acute hypersensitivity reactions

Negative predictive value

The rate of a positive skin test in the study of S@846) was 13.5% (95% ClI 4 to 29%) and
increased to 20% (95% CI 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 gradeeaction 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 theegressed 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 amimediate HSR to ICM, tmegative predictive value fakin tests with

low dose was 80% (95% Cl 44 to 97%).

Kim (2013) showed that among the 1046 patients who had negative responses on skin tests,
52 (5.0%) showed immediatgpe adverse reactions after @Fing 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 laryngeedlema which were relieved with

an antihistamine. The negative predictive value of the-greeening skin test for immediate
hypersensitivity reactions before contrast media administration @a€%. The negative
predictive value of the skin test for immediatgpersensitivity 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).

Results of Salas (2013) showed that five subjects (5.56%) had a pdsititest 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 wasgried 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 negativpredictive value to immediathypersensitivity 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.

The results of 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 negBflverdre positive

at 20 min for 15 patients with an immediate history diodthe patient withunknown
chronology. Caimmi (2010) found one single falsgative;the negative predictive value of

ICM skin tests was 96.6% (95% CI: 89.9 to 103.2).
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Quality of evidence

Thequality of certainty of evidenceras graded as very low due to high risk of bias (see Tab
Rob assessment, downgraded by two points) and low number of patients (imprecision
downgraded by one point).

2. Skin testing fodelayedhypersesitivity reactions

Negative predictive value

In the total group of cases evaluated (N = 161), 34 subjects (21.1%) developed a delayed
reading of the intradermal tests positive (13 at 1/10 dilution and 29 undiluted). Of these, 27
were skintest positive to just one CM, 6 to two CM and 1 to three. ifmediate 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 14%). In the 34ases witha 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), 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-digintycases (76%)

were positive to iodixanol, 8 (16%) to iomeprol and 4 (8%) to iohexol. The time interval
between administration and symptom development was: 1 to 6 h (13 cases), 7 to 12 h (27
cases), 13 to 24 h (68 cases), 25 to 48 h (41 cases)4H EL2 cases).

Quality of evidence

Thequality of certainty of evidencevas graded as very low due to high riglbias (see Tab
Rob assessment, downgraded by two points) and low number of patients (imprecision
downgraded by one point).

Literature conclusions
Acute Hypersensitivity Reactions: Negative Predictive value

The negativeredictive value of the cutaneous test is estimated to be 80 |

97%. The sensitivity and specificity for the cutaneous test for immediate

Very Low | hypersensitivity reaction to contrast media is unknown in patients suspe
GRADE | of contrast media hypersensitivity.

Souces: (Caimmi, 2010; Kim, 2013; Salas, 2013; Sesé, 2016)

Late Hypersensitivity Reactions: Negative Predictive value

The negative predictive value of the cutaneous test is estimated to be 65

The sensitivity and specificity for tletaneous test for noiimmediate

Very Low | hypersensitivity reaction to contrast media is unknown in patients suspe
GRADE | of contrast media hypersensitivity.

Sources: (Torres, 2012)

Positive rates of cutaneous tests

The positive rate of cutaneous tests was reported in 12 studies. Since these studies do not
compare cutaneous tests with a provocation tebgy are not in line with the PICO.

However studies on positive rates of skin tests in patients with HSR to 1@kioco

important clinical information. Therefore, we have additionally synthesized literature
evaluating positive rates of cutaneous tests in patients with HSR to ICM. Since these studies
do not describe comparative research, we did not create risk ofarndsevidence tables for
these studies.
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In patients with immediate HSR to ICM, the pooled positive rate of skin tests was 17% (95%
Cl, 1%26%; = 45%) and was identical to that of IDT (Tabig. & he pooled positive rate of
SPTs was 3% (95%QK5%); P=0%). The pooled positive rates of IDT were shown to rise as
the severity of reactions increased: pooled positive rate for mild HSR is 12% ($6%Cl=

239%); P= 38%); moderate HSR 16% (95%0+0 24%); ¥ = 6%) and for severe HSR, 52%
(95%CI$31 to 4%, P= 42%). Table.#presents a detailed overview of positive rates across
studies. Figurd.2 presents an overview of paest crossreactivity rates between pairs of

ICM in skin test positive patients with HSR to ICM.
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Table 41 Positive rates of cutaneous tests in patients with immediate HSR to ICM

Positive rate of skin tests, % Test Site Positive rate of IDT, %
Severity of HSR

SPT IDP SPT IDP Mild Moderate Severe
Dewachter, 2001 ICM 50 (2/4) 100 (4/4) Forearm Back - - 100 (4/4)
Trcka, 2008 ICM - 4 (4/96) Not specified Not specified 0 (0/40) 7 (3/44) 8 (1/12)
Brockow, 2009 ICM 3 (4/122) 26 (32/121) Forearm Forearm 26 (24/92) - 28 (8/29)
Caimmi, 2010 ICMF 0 (0/101) 15 (15/101) Not specified Not specified - - -
Dewachter2011 ICMF 4 (1/24) 46 (12/26) Forearm Back 33 (3/9) 40 (4/10) 71 (5/7)
Goksel, 2011 ICMF 0 (0/14) 14 (2/14) Forearm Forearm 14 (1/7) 14 (1/7) -
Pinnobphun, 2011 ICMF 0 (0/63) 24 (15/63) Not specified Not specified 23 (12/53) 0 (0/5) 60 (3/5)
Kim, 2013 ICM 3 (1/32) 26 (12/46) Not specified Forearm 13 (4/31) 25 (2/8) 57 (417)
Kim,2014 ICVF 2 (1/51) 65 (33/51) Forearm Forearm - 18 (2/11) 78 (31/40)
Renaudin, 2013 ICM 14 (1/7) 57 (417) Not specified Not specified - - 57 (417)
Prieto-Garcia, 2013 ICMF 0 (0/106) 10 (11/106) Not specified Not specified 9 (6/66) 14 (4/29) 9(1/11)
Salas, 2013 ICMF 3 (3/90) 6 (5/90) Not specified Forearm 0 (0/69) 11 (2/18) 100 (3/3)
Sesé, 2016 ICMVF 3 (1/37) 13.5% (5/37) Forearm Not specified 11 (4/37) 3 (1/37)

aSPT = Skin Prick Te¥DT= Intradermal Tesflodine-basedContrast Media
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lonic lonie Nonionic MNonionic
monomars dimar monomers dimers
Immediate HSR
Amido- loxita-
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Figure4.2 Crossreactivity rates between pairs of ICM in skin tepbsitive patients with HSR to ICM. (from metmnalysis Yoon et al. Allergy 2015)

Crossreactivity was extracted based on the results of intradermal test with diluted ICM and patch test with uildted ICM. If available, results of drug provocation test and graded
OKIFttSy3aS ¢gSNB ftaz2 dzaSR® ¢ KS ydzyo S NJI-raattvie ratk & categozedyaddexpedsdgaFa Q02f 25 YS Re KaAGIdSREA SLazde ft @i L3RR yOINES
AlGa dzLJISNI £ AYA G e dupZs2 f/SIR ALR Ao :STa GIAAYZ KIS A& wmm: YR wmp:3 2N LR pfeyspoledlgontedtimBeiranged | G S A &
from 16% and 25%; dadcey, pooled point estimate rangeddm 26% and 50%.

HSR, hypersensitivity reaction; ICM, iodinated contrast media; ClI, confidence interval.
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Considerations

As hypersensitivity reactions to CM have traditionally been classified aallesgic

reactions, skin testeave been regarded as inappropriate tools in patients having
experienced such reactions. However, increasing evidence suggests that immunological
mechanisms may be involved in @Mluced hypersensitivity reactions to a much larger
degree, partly based orhé positive skin tests in patients with both immediate and
nonimmediate hypersensitivity reactions after CM exposure.

Implementing the results of skin tests might be a more valid alternative to prophylactic
medication for prevention of the recurrence 6M reactions (Rosado Ingelmo, 2016). Skin
tests have goodensitivitywhen performed within 6 months after the hypersensitivity
reaction. After this time, sensitivity decreas@erefor a speedy referral to a drug allergy
specialist is recommended.

Few studies were found that met the inclusion criteria and were all with iodinated contrast
media. Even though, no hard evidence is available on skin testing for gadolinium based CA,
the hypersensitivity reactions are more often dgtediated in reactionsfger gadolinium

based CA and very similar in symptomatology to hypersensitivity reactions after-odine
based CM and therefore it seems logical to extend skin testing to hypersensitivity reactions
to all CM(Clement, 2018)

Since included studies were derable heterogeneous regarding to study setup and
applied skin tests, no pooled outcomes of diagnostic test properties could be assessed which
limits the recommendations that can be made on the current literature study.

If a previous reaction had showa delayed cutaneous response it is unknown if
premedication and or skin testing would reduce the risk of subsequent reactions. Delayed
skin reactions may be life threatening notably when blistering has occurred. Skin testing in
such cases may not be safe.

Performing and Reportingkin Testingor Contrast Malia

Most hospitals howadays have contracts with just a few contrast media vendors. For skin
testing of contrast media, however, it is important to test a panaaitrastagents(ICM
and/or GBCA)including the culprit contrast agent and potential alternatives. Such a panel
could be individualized for the specific hospital (group) where the patient comes from.

In order to facilitate establishment of such a local panel of iodiased and gadoliom-

based agents for allergologic skin testing, we have listed the available agents in The
Netherlands and their indications below.

(Seefor physicochemical characteristics of GBCA also Table 1 in the Introduction to Safe Use
of Gadolinium).

Table4.3 Contrast agents in The Netherlands registered with the Medicine Evaluation Board

lodine-based contrast media

Name Commercial Nam¢g Company Main Indication
lopromide Ultravist Bayer Healthcarg Intravascular CT/Angi
lopamidol lopamiro Bracco Imaging | Intravascular CT/Angi
lomeprol lomeron Bracco Imaging | Intravascular CT/Angi
lohexol Omnipaque GE Healthcare | Intravascular CT/Angi
lodixanol Visipaque GE Healthcare | Intravascular CT/Angi
loversol Optiray Guerbet Intravascular CT/Angi
lobitridol Xenetix Guerbet Intravascular CT/Angi
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Amidotrizoate megluming Gastrografine Bayer Healthcarg Gastrointestinal RF/C]

lopamidol Gastromiro Bracco Imaging | Gastrointestinal RF/C]
loxithalamate meglumine| Telebrix Gastro Guerbet Gastrointestinal RF/C|
Gadoliniumbased contrast agents
Name Commercial Namg Company Allowed Indication
Gadobutrol Gadovist Bayer Healthcarg Total Body MRI
Gadoteridol ProHance Bracco Imaging | Total Body MRI
Gadoterate meglumine Dotarem/Artirem | Guerbet Total Body MRI
Clariscan GE Healthcare | Total Body MRI
Dotagraf Bayer Healthcarg Total Body MRI
Gadoxetate disodium Primovist Bayer Healthcarg Liver MRI
Gadobenate dimeglumine| MultiHance Braccdmaging | Liver MRI
Gadopentetate megluming Magnevist Bayer Healthcarg MR Arthrography

See alsohttps://www.geneesmiddeleninformatiebank.nl/nl/

When reporting skin tests, it is optimahat the allergologistgivesa clearwritten
recommendationn the electronic patient dossiesbout:

1) The possible ICM and/or GBCA that can be used in future@inced studies

2) The use of or need for premedication in futu@vtenhancedstudies

Recommendations

Do not perform skin tests routely after every hypersensitivity reaction to a contrast
medium.

Refer the patient to a specialist in drug allergy to perform skin twe#tsn 6 months after

the hypersensitivity reactiom the followingpatient groups

w Severehypersensitivity reactions to a contrast medium.

w Hypersensitivity reactions with increased tryptase levels.

w Hypersensitivity reactions to 2 or more different contrast media of the same fgpe (
example2 different iodinebased CM) or to 2 or more typef contrast mediaf¢r
exampleiodine-based CM and gadolinidmased CA).

Specify the used contrast agent in the referral.

Refer the patient to a specialist in drug allergy to perform skin tests in all patients with
breakthrough hypersensitivity reactis despite premedication with corticosteroids and-H
antihistamines.
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Module 5Prophylaxis of hypersensitivity reactions after contrast
administration

ClinicalQuestion
Which prophylactic measures should be taken in patients with increased risk of
hypersensitivity reactions after contrast administration?

Introduction

Patients report hypersensitivity reactions to contrast media, and often these have occurred

in the past. This can involve objective signs or symptoms that fit well with a hypersensitivity

reaction. However, in many cases other complaints are reported, such as hyperventilation,

vasovagal reactions or panic attacks. These may not fit accuratelawigpersensitivity

NEFEOGA2Yy (2 /ad LY FTRRAGAZ2YZ LI GASYdQa KAAG2NE
mastocytosis or the usef medication that may be associated with an increased risk to

hypersensitivity reactions.

For the physician administering the CM it is often not clear how to deal with this kind of
situations and whether prophylactic medication is indicated. In addition, the literature on
the effectiveness of premedication prior to CM administration remaindaarc

All types of contrast media can give hypersensitivity reactions. See further the Introduction
to this section.

All types of contrast media will be evaluated: iodim@sed, gadoliniunbased, microbubble,
CM Also, all types of administration routesll be covered, intravascular (intravenous or
intra-arterial), oral and rectal, intracavitary (joints or bladder), and intraductal (bile or
pancreatic ducts)See separate chapter for nonvascular CM administration.

Literature search andelection
To answer our clinical question a systematic literature analysis was performed for the
following research questions:

1) What factors are related to an increased risk of developing hypersensitivity reactions after
contrast administration?

P (patient category)patients undergoing radiological examinations with contrast media;

| (intervention): presence of prognostic factors;

C(comparison):  absence of prognostic factors;

O (outcome) allergic reactions to contrashypersensitivity reaction, type | / type IV,
severe allergic reaction.

2) What are the effects of a prophylactic measure to prevent hypersensitivity reactions after
contrast administration compared to a different measure to prevent hypersensitivity
reactions after contrast administration or nogphylactic measure, in pati¢s undergoing
radiological examinations with contrast media?

P (patients): patients undergoing radiological examinations with contrast media;

| (interventiony prophylacticmeasure to prevent hypersensitivity reactions after
contrast administration;

C(comparison) no prophylactic measure or a different prophylactic measure to prevent
hypersensitivity reactions after contrast administration;
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O (outcome) allergicreactions to contrast, hypersensitivity reaction, type I/ type 1V,
severe allergic reaction.

Relevant outcome measures
The working group considered allergic reactions to contrast/ hypersensitivity reactions
critical outcome measures for thaecisionmaking process.

Search and select (method)

The databases Medline (OVID), Embase and the Cochrane Library were searchetidiom 1
December 1980 to"of December 2017 using relevant search terms for systematic reviews
(SRs), randomized contredl trials (RCTs) and observational studies (OBS). The literature
search resulted in 478 hits: 42 SRs, 129 RCTs and 307 OBS.

Studies were selected based on the following criteria:

1 adult patients undergoing radiological examinations with contrast media

i evaluation of effectiveness of prophylactic measures to prevent hypersensitivity
reactions after contrast administration

1 or: Evaluatioror identification of factors associated with an increased risk of
hypersensitivity reactions after contrast administratiorhese factors could be
treatment related, or patient related. Studies were only included when the identified
risk factors were corrected for confounders (multivariate models)

1 reportspredefined outcome measure: hypersensitivity reactions

i no reports ofcase series or exploratory findingsao).

Based on title and abstract a total d23studies were selected. After examination of full

text, a total of119 studies were excluded artistudies were definitely included in the

literature summary. Reason for exclusion is reportethmexclusion table

Threestudies were included for the research question regarding the identification of factors
related to associated with an increasedkriof hypersensitivity reactions after contrast
administration.One systematic review (Tramer, 2006) vaduded for the research

question regarding the comparison of the different prophylactic measures to prevent
hypersensitivity reactions after contragtiministration. The most important study
characteristics and results were included in the evidence tables. The evidence tables and
assessment of individual study quality are included.

Summary of the literature

1. Factors related to the risk bfypersensitivity reactions after contrast administration.
Description of studies

A total of3 studies described factors independently related to the risk of hypersensitivity
reactions after contrast administration. All studies presented multivariate moteisno
internal or external validation of these models, or the results of application of these models
in clinical practice.

Chen (2015) described the risk factors associated with adverse reaatimmsringwithin 1
hour after contrast administratiorip 17,513 patients who were administered iopromide
(300 or 370 mgl/mL) contrast during coronary angiography or Pecutaneous Coronary
Intervention (PCI). All patients (not higisk patients only) were included in this makntre
(63 centresin China) stug.
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Jung (2016) described risk factors for developing a hypersensitivity reaction after re
administration of lowosmolality iodinated contrast medium for enhanced computed
tomography in 322 patients with a history of hypersensitivity reactions afterdawolality
contrast administration. A total of 219 (68%) of the patients had a mild reaction, while 82
(26%) had a moderate reaction, and 21 (7%) a severe reaction in their history. Premedication
was decided on an individual basis by clinicians and coulsistarf oral and/or intravenous
H1l-antihistamines, Hantihistamins and corticosteroids.

Park (2017) described risk factors for developing a hypersensitivity reaction after
administration of lowosmolar iodinated contrast medium for enhanced computed
tomography in 150 patients with a history of moderate 130 (87%) to severe 20 (13%)
hypersensitivity reactions after contrast administration in 328 instances-ekpasure.
Patients received antihistamines and/or corticosteroids asmealication, the exact
premedication was decided on an individual basis.

Results

Chen (2015) reported that acute adverse drug reactions (ADRs) occurred in 66/17,513
(0.38%) patients undergoing iopromide (300 or 370 mgl/mL) administration during coronary
angiography or Percutaneous Coronary Intervention (PCI), out of which 2 ADRS (0e0&%
severe. Most ADRs manifested as nausea vomiting (0.22%) and rash (0.09%).

The following factors were associated with risk of ADR:

age50to 69 versus age < 50 (OR: 0.48, 95% CI: 0.27 to 0.85);

premedicationwith corticosteroids (OR: 0.41, 95% CI: 0.18 to 0.97);
contrastdosex100mL (OR 0.50, 95% CI 0.30 to 0.82);

pre-procedural hydration (OR: 0.11, 95% CI. 0.04 to 0.33);

left main coronary disease (OR: 2.27, 95% ClI:th.4%8)

previousADR to contrast (OR: 9.30, 95% CI: 1.10 t078.84).

Allergic constitution, asthma and sex were not independently associated with the risk of
developing an adverse reaction.

= =4 =48 -4 -8 -9

Jung (2016) destxed that 47/322 (15%) of the patients experienced a recurrence of an
allergic reaction after lovosmolality iodinated contrast medium administration for
computed tomography, despite premedication.

The following factors were associated with an increasskl for developing this second

acute allergidike adverse reaction:

bl age(OR: 0.97, 95% CI: 0.94 to 0.99);

i previoussevere reaction (OR: 8.88, 95% CI: 2.11 to 37.42);

1 not using orticosteroidpremedication (OR: 0.28, 95% CI: 0.10 to O-p&pple that
used corticosteroid medications had a lower risk to experience an allergic reaction

The following factors were not independently associated with the risk of acute allikgic

adverse reactions: sex, bronchial asthma, allergic rhinitis, chuotiaaria, food allergy,

other drug allergy, Hantihistamines premedication.

Park (2017) reported that a recurrence of hypersensitivity reactions after contrast exposure
occurred in 64/328 (20%) of the instances ckpgosure to lowosmolar iodinated contrast
in patients with a history of moderate or severe reactions.

The followng factors were associated with an increased risk for developing this second
hypersensitivity reaction:
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age(OR: 0.97, 95% CI 0.94 to 0.99);

diabetesmellitus (OR: 6.49, 95% CI: 2.38 to 17.71);

chronicurticaria (OR: 7.61, 95% CI: 1.63 to 35.59);

drugallergy (OR: 3.69, 95% CI: 1.18 to 11.56);

Changindhe iodinated contrast medium (OR: 0.33, 95% CI: 0.17 to 0.64);

initial hypersensitivity reaction was severe (OR: 2.67, 95% CI: 1.05 to 6.79).
The following factors were not independently associated with the risk of developing a
recurrent hypersensitivity reaction: sex, use of premedication.

= =4 =4 -4 -8 -9

Level of evidence

For all the inluded patient populations thguality of certainty of evidenctor the

prognostic factors was downgraded from high to low by two points, due to risk of bias and
indirectness: the prognostic factors were identified, but the prognostics model was not
validated internally and externally. The value of the applicability of the multivariate models
in a clinical decisiemaking process was not evaluated.

2. Prophylactic measures to prevent hypersensitivity reactions after contrast
administration
Description ¢ studies
One systematic review (Tramer, 2006) that included 9 RCTs was included in this analysis. The
goal of this reviewvas to review the efficacy of pharmacological prevention of serious
reactions to iodinated contrast media. A systematic search waspeed up to October
2005. The prespecified inclusion criteria were random allocation of patients, use of
premedication alone or in combination, presence of a placebo or a no treatment control
group, and reporting of presence or absence of allergic reast A total of 9 trials with
10,011 adult patients were included in the review analysis RCTs that answered the
searchgquestionwere found that were published after Tramer, 2006.

Results

Tramer(2006) reported 9 trials (including 10,011 adults) tested H1 antihistamines,
corticosteroids, and an Hb H2 combination. No trial included exclusively patients with a
history of allergic reactions. Many outcomes were not allergy related, and only adesv
potentially life threatening. No reports on death, cardiopulmonary resuscitation, irreversible
neurological deficit, or prolonged hospital stays were found. In two trials, 3/778 (0.4%)
patients who received oral methylprednisolone 2x32 mg or intrausnarednisolone 250

mg had laryngeal oedema compared with 11/769 (1.4%) controls (odds ratio 0.31, 95%
confidence interval 0.11 to 0.88). In two trials, 7/3093 (0.2%) patients who received oral
methylprednisolone 2x32 mg had a composite outcome (incluslivagk, bronchospasm,

and laryngospasm) compared with 20/2178 (0.9%) controls (odds ratio 0.28, 0.13 to 0.60). In
one trial, 1/196 (0.5%patientwho received intravenous clemastine 0.03 mg/kg and
cimetidine 2 to 5 mg/kg had angmedema compared with 8/19.1%) controls (odds ratio
0.20, 0.05 to 0.76).
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Table 1 Details of included trials

Quality of data Radiological intervention
References reporting (R-C-B-F)*  Premedication and control (No analysed) (No analysed) Excluded patients Contrast medium
Bertrand et al 1-0-2-0 Hydroxyzine 100 mg PO 12 h before (200); placebo PO (200) IV urography (297); CT Allergy, atopy, previous  Meglumine; ioxaglate
1992 , scan (93); venography (10) reaction to CM, drug
hypersensitivity
Chevrot et al, 1-0-0-0 Betamethasone 8 mg IV with CM (109); no treatment (112) IV urography; CT scan; None 4 ionic IV CM (92%:
1988* venography ionic high osmolar)
Ginsberg et al, 1-0-1-0 Dexamethasone 4 mg PO 4x/d for 24 h (42); placebo PO Myelography None lohexol (intrathecal)
1996* (44)
Lasser et al, 1-1-2-0 Methylprednisolone 2x32 mg PO evening and 2 h before IV injection Previous reaction Any ionic
1987* (2513, group 1); methylprednisolone 32 mg PO 2 h before to CM
(1759, group 2); placebo PO as for group 1 (1603); placebo
PO as for group 2 (888)
Lasser et al, 1-0-2-1 Methylprednisolone 2x32 mg PO 6-24 h and 2 h before Urography; CT scan None lohexol; ioversol
1994 (580); placebo PO (575)
Ring et al, 1985 1-0-0-1 Prednisolone 250 mg IV (198); clemastine 0.03 mg/kg IV IV urography Previous reaction Meglumine;
(191); clemastine 0.03 mg/kg + cimetidine 2-5 mg/kg to CM amidotrizoate
(according to renal function) IV (196); placebo (saline) IV
(194); timing not specified
Small et al, 1982*7 1-0-0-0 Chlorpheniramine 10 mg SC 15 min before (78); placebo IV pyelography None Not specified
(saline) SC (71); no treatment (71)
Smith et al, 1995* 1-0-2-1 Dimenhydrinate 25 mg IV 15 to 45 min before (150); placebo Arteriography None loxaglate
(saline) IV (149)
Wicke et al, 1975*° 1-0-1-0 Clemastine 2 mg IV with CM (92); placebo (saline) IV (116)  Urography (148); None Amidotrizoate;
cholangiography (60) meglumine

CM=contrast medium; CT=computed tomography; IV=intravenously; PO=orally; SC=subcutaneously.
*Randomisation (R): O=none, 1=mentioned but not specified, 2=mentioned and adequate. Concealment of treatment allocation (C): O=none; 1=yes. Blinding (B): O=none, 1=incomplete, 2=patient
and caregiver and observer blinded. Follow-up (F): O=none reported, 1=incomplete, 2=complete (intention to treat analysis possible).
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No with symptoms/total No (%)

Haemodynamic symptoms Premedication  Control Odds ratio (95% CI) Odds ratio (95% ClI)
Chevrot 1988"*  Betamethasone Hypotension 0/109(0.0)  1/112(0.9) - 0.14 (0.00 to 7.01)
Lasser 19942  Methylprednisolone  Hypotension 0/580 (0.0)  2/575(0.3) -~ 0.13 (0.01 to 2.14)
Steroid combined  0/689 (0.0)  3/687 (0.4) -~ 0.14 (0.01 t0 1.30)
Respiratory symptoms
Bertrand 1992"°  Hydroxyzine Bronchospasm 0/200 (0.0)  1/200 (0.5) - 0.14 (0.00 to 6.82)
Ring 1985"® Clemastine Angio-oedema 4191 (21)  8/194 (4.1) — 0.51 (0.16 to 1.61)
Anti-H, combined ~ 4/391 (1.0)  9/394 (2.3) —— 0.46 (0.15t0 1.39)
Lasser 1994"2  Methylprednisolone  Laryngeal oedema  0/580 (0.0)  3/575 (0.5) 1) 0.13 (0.01 t0 1.29)
Ring 19856 Prednisolone Angio-oedema 3/198 (1.5)  8/194 (4.1) — 0.39 (0.12 t0 1.28)
Steroid combined  3/778 (0.4)  11/769 (1.4) —— 0.31(0.11t0 0.88)
Cutaneous symptoms
Bertrand 1992"°  Hydroxyzine Urticaria 0/200 (0.0)  17/200 (8.5) —a— 0.12 (0.05 t0 0.33)
Smith 1995"% Dimenhydrinate Pruritus 71150 (4.7)  9/149 (6.0) — 0.76 (0.28 t0 2.09)
Small 19827 Chlorpheniramine Hives, pruritus 1/78 (1.3)  15/142 (10.6) —a— 0.25(0.09t0 0.73)
Wicke 1975"° Clemastine Urticaria 0/92 (0.0) 2/116 (1.7) - ® 0.17 (0.01 to 2.71)
Ring 1985"® Clemastine Flush 6/191(3.1)  6/194 (3.1) —a— 1.02 (0.32 t0 3.20)
Anti-H, combined  14/711 (2.0)  49/801 (6.1) - 0.36 (0.22 to 0.60)*
Ring 1985"¢ Prednisolone Flush 2/198(1.0)  6/194 (3.1) — 0.35(0.09 to 1.43)
Lasser 1994"2  Methylprednisolone  Hives 3/580 (0.5)  9/575 (1.6) —— 0.36 (0.12t0 1.13)
Steroid combined  5/778 (0.6)  15/769 (2.0) —a— 0.36 (0.15t0 0.87)
0.02 01 1 10° 50
Favours Favours
premedication control

Fig 2 Distinct haemodynamic, respiratory, and cutaneous symptoms. Hypotension, bronchospasm, angio-oedema, and laryngeal oedema were considered to be
potentially life threatening. Anti-H=antihistamine. * P for heterogeneity=0.03, F=62%
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No with symptoms/total No (%)

Grade 1 Premedication Control Odds ratio (95% CI) Odds ratio (95% Cl)
Lasser 1987"%' MP 32 mg, 2 h before 94/1759 (5.3) 45/888 (5.1) - 1.06 (0.74 to 1.52)
Lasser 1987"' MP 2 x 32 mg, evening and 2 h before 86/2513 (34)  79/1603 (4.9) E 0.68 (0.49t0 0.93)
Lasser 19942 MP 2 x 32 mg, 6 to 24 h and 2 h before 1/580 (0.2) 10/575 (1.7) — . 0.19 (0.06 to 0.62)
Combined MP 2 x 32 mg 87/3093 (2.8)  89/2178 (4.1) E 5 0.62 (0.46 to 0.98)
Grade 2
Lasser 1987"' MP 32 mg, 2 h before 63/1759 (3.6) 41/888 (4.6) |- 0.76 (0.50 to 1.15)
Lasser 1987"' MP 2 x 32 mg, evening and 2 h before 72/2513 (2.9) 55/1603 (3.4) - 0.83 (0.58 t0 1.19)
Lasser 1994"2MP 2 x 32 mg, 6 to 24 h and 2 h before 7/580 (1.2) 9/575 (1.6) —__:l_ 0.77 (0.29 to 2.06)
Combined MP 2 x 32 mg 79/3093 (2.6)  64/2178 (2.9) 0.80 (0.61to 1.04)
Grade 3
Lasser 1987"' MP 32 mg, 2 h before 9/1759 (0.5) 2/888 (0.2) —— 2.00 (0.57 to 7.00)
Lasser 1987"" MP 2 x 32 mg, evening and 2 h before 5/2513 (0.2) 11/1603 (0.7) —— 0.28 (0.10t0 0.78)
Lasser 19942 MP 2 x 32 mg, 6 to 24 h and 2 h before 2/580 (0.3) 9/575 (1.6) R 0.27 (0.08 to 0.90)
Combined MP 2 x 32 mg 7/3093 (0.2) 20/2178 (0.9) —— 0.28 (0.13 to 0.60)

002 01 1 10 50

Favours Favours

premedication control

Fig 3 Arbitrary symptom combinations (“grades”) as defined in the original reports.* * Grade 1=single episode of emesis, nausea, sneezing, or vertigo; grade
2=hives, erythema, emesis more than once, or fever or chills (or both); grade 3=shock, bronchospasm, laryngospasm or laryngeal oedema, loss of consciousness,
convulsions, fall or rise in blood pressure, cardiac arrhythmia, angina, angio-oedema, or pulmonary oedema. Grade 3 was considered to be potentially life threatening.
MP=methylprednisolone (oral)
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Level of evidence

Thequality of certainty of evidenctr the outcome hypersensitivity reaction was

downgraded from high to very low due to risk of bias (as described below), heterogeneity of
included studies, inconsistency of results and imprecision of outcome measures (low
numbers of events).

The risk obias of the included studgewas deemed high: in no report was an adequate
randomisation method described, and only in one was treatment allocation concealed. In
four reports, evidence existed of adequate blinding of patients, caregivers, and observers.
Noreport described a complete patient folleup that enabled an intention to treat

analysis.

Conclusions
Factors related to the risk of hypersensitivity reactions after contrast administration.

The following factors were associated with an iraged risk of adverse drug
reaction in patients undergoing coronary angiography or percutaneous
coronary intervention and receiving iopromide contrast:

1 age<50 years;
1 no premedication with corticosteroids;
i contrastdose <100mL;
Low 1 no pre-procedural hydration;
GRADE | left main coronary disease;
9 previousADR to contrast.
Allergic constitution, asthma and sex were not independently associated
the risk of developing an adverse reaction.
Source: (Chen, 2015)
Thefollowing factors were associated with an increased risk for developi
this second acute allerglike adverse reaction in patients with a history of
hypersensitivity reaction after lonwsmolality contrast administration, who
were undergoing another er@mced computed tomography with low
osmolality contrast medium and receiving premedication:
1 youngerage
Low 1 previoussevere reaction
GRADE 1 no corticosteroid premedication.

The following factors were not independently associated with the risk of
acuteallergiclike adverse reactions: sex, bronchial asthma, allergic rhinit
chronic urticaria, food allergy, other drug allergy -&fftihistamines
premedication.

Source: (Jung, 2016)

The following factors were associated with an increasedfoiseveloping

this second hypersensitivity reaction in patients with a history of a moder
Low or severe hypersensitivity reaction after lewgmolality contrast

GRADE |administration, who were undergoing another enhanced computed

tomography with lowosmolality cotrast medium and receiving

premedication:
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youngerage;

diabetesmellitus;

chronicurticaria;

drugallergy;

not changing the iodinated contrast medium;
Initial hypersensitivity reaction was severe.

E R

The following factors were nabdependently associated with the risk of
developing a recurrent hypersensitivity reaction: sex, use of premedicati

Source: (Park, 2017)

Prophylactic measures to prevent hypersensitivity reactions after contrast administration

It isunclear whether the use of premedication decreases the risk of life
threatening anaphylactic reactions.

The administration of Hantihistamines immediately prior to the
administration of contrast may decrease the risk of developing

hypersensitivity reactins due to iodinated contrast.
Very low

GRADE The administration of corticosteroids given in two doses, 6 hours prior ar

hours prior to the administration of contrast, both iodinated and non
iodinated, may decrease the risk of developing hypersensitivity reactiogg
to contrast administration.

Source: (Tramer, 2006)

Considerations

First and foremost, in patients with a (documented) history of a hypersensitivity reaction to
a contrast medium, consider an alternative imaging modality first. In many cases, CT with
iodinated contrast media can be replaced by ultrasound, with or without contrast media, or
MRI, with or without contrast media. When this is not possible, consider performing the
examination withoti a contrast medium, but only if this has an acceptable degf

diagnostic quality. For this, close communication with the referring specialist is mandatory.

When evaluating hypersensitivity reactions, it is difficult to compare literature. In the
literature, adverse effects or adverse reactions aften reported which also include
(severe) physiologic effects to contrast medium administration and chemotéfeicte
Anxiety may play a role in hypersensitivity reactions (Lalli, 1974)

Based on the availabléerature it is not possible to conclusively identify a group of patients
that is at increased risk for hypersensitivity and should routinely receive premedication prior
to contrast administration. In the ACR Manual on Contrast Media v.10.3 (ACR, 201fgan
ESUR v10 guidelines (Clement, 2014; ESUR 2017), the most significant risk factor for
increased risk of hypersensitivity reactions remains a documented history of a previous
hypersensitivity reaction to a contrast medium. Patients with atopy/ broricsthma or

multiple allergies could not be established as a consistent risk factor (Chen, 2015; Jung,
2016).

The evidence regarding the effectivity of corticosteroids and antihistamines for
pharmacological prevention is very heterogeneous and ofdauality (Tramer2006;
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Dawson, 2006; Davenport, 2015). It seems that prophylactic premedication can prevent the
number of hypersensitivity reactions after contrast administration, but premedication

mainly reduces the number of mild reactions and thereftive total number of reactions
(Lasser, 1994). There is little data that premedication reduces the number of moderate and
severe hypersensitivity reactions, and its use should therefore be limited.

It was believed that premedication with corticosteroidsdaHZantihistaminesdo not have
serious side effects and is not costly. However, recently it has been shown that
premedication was associated with brigfperglycaemigDavenport, 2010), but also with
longer hospital stay, increased costs, and worseaalroutcomes (Davenport, 2016).

The old protocols for premedication (Greenbergk984; Greenbergel986; Lasser, 1994)
are still in widespread us@ften slightly modified)but there is no literature to establish an
optimal indication or protocol. Rently the Greenberger protocol has been challenged by
newer, shorter optiondor inpatients(Mervak, 2017).

Greenberger protocol (elective examinations 1984):
il Prednisolone 50 mg \V13h, 7h and 1h before the procedure
i Diphenhydramine 50 mg PLh before the procedure

Greenberger protocol (emergency examinations 1986):
1 Hydrocortisone 200 mg Mmmediately and every 4h until procedure is finished
1 Diphenhydramine 50 mg PLh before the procedure

Lasser protocol (ektive examinations 1994):
1 Methylprednisolone 32 mg 1V12h and 2h before the procedure

In addition, premedication is not perfect. It@17% of premedicated patients smalled
GONBIF{G0KNRdzZAKE KRLISNASYaAGADAGE THeRlar®lGA2ya OF Yy
usually of similar severity as the original culprit reaction for which premedication was

prescribed andeldomsevere (Davenport, 2009; Mervak, 2015; Lee, 2017).

Another main problem is the registration of contrast media in radiolo§yrmation

systems. For a long time, contrast media have not been treated as drugs. Therefore, in many
hospitalsiodined F 8 SR ' yR 20KSNJ O2y iN} aid YSRAIF NB GR22"
hypersensitivity reaction to one specific agent occurs, withoutimiesting of the specific

culprit agent. Like all drugs, hypersensitivity should nowadays be approached at agent level

and not at group level. There is growing evidence that suggests that switching to another

agent may be an effective strategy (Abe, 201&e, 2017; Park, 2017).

Premedication of late hypersensitivity reactions

There is a paucity of data on the benefits of premedication for-severe late
hypersensitivity reactions. Most of these reactions are-beliting or can be treated
symptomatically. Majomternationalguidelines suggeso performallergologic skin tesg,
but do not recommend the use of premedication fayn-severe lataeactions (ESUR 2018,
ACR 2018)

Recommendations (see also Flowcharts 4)

| Patients with gorevious (acutehypersensitivity reaction to a known ICM or GBCA
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A Elective (plannable) examinations with ICM or GBCA

In all patients with a (documented) history of a hypersensitivity reaction to an idzhsed
or gadoliniumbased CM, consider an alternative imaging mdagl. When this is not
possible, consider performirgn unenhanced examut onlyif this has an acceptable
reduction in diagnostic quality.

If the previous hypersensitivity reaction was mild:

1 Choose a different ICM or GBCA*.

! Observethepatienk on YAY @6AGK Lz Ay LI I OSo
9 Be vigilant to react to a possible new hypersensitikggction.

If the previous hypersensitivity reaction was moderate:

I Choose a different ICM or GBCA*.

f Observethepatienk on YAY GAGK L+ Ay LI I OSo
9 Bevigilant to react to a possible new hypersensitivity reaction

In cases of doubtful severity consider referring the patient to a drug allergy specialist f
allegologicskin testing with a panel of different iodidgased or gadoliniuabased CM.

If the previous hypersensitivity reaction was severe:

9 If clinically reasonable, defer the imaging study uthié results of allergologic skin
testing are available.

I Refer the atient to a drug allergy specialist for allegologic skin testing with a panel

different iodinebased or gadoliniuabased CM.

Apply the advice of the drug allergy specialist for future CM administration.

Premedicate wit@ x 25mg prednisolone PO/IV*12hand 2h before CM administratiol

and 2mg clemastine ithin 1h before CM administration

f Observethepatienk on YAY gAGK L+ Ay LI I OSo

9 Be vigilant to react to a possible new hypersensitivity reaction

=] =

B Acute (within hours) or emergen(girect) examinations withCM or GBCA

In all patients with a (documented) history of a hypersensitivity reaction to an idused
CM, consider an alternative imaging modality. When this is not plessionsider
performing unenhanced exam, if this has @acceptable reduction in diagnostic quality.

If the previous hypersensitivity reaction was mild:

9 Choose a different ICM or GBCA*,

f Observethepatienk on YAY AGK L+ Ay LI I OSo
9 Be vigilant to react to a possible new hypersensitivity reaction

If the previous hypersensitivitgaction was moderate:

I Premedicate wittbOmg prednisolone IV** and 2mg clemastinewithin 30min before
CM administration

I Choose a different ICM or GBCA*.

f Observethepatienk on YAY gA0GK L+ Ay LI I OSo

9 Bevigilant to react to a possible new hypersensitivity reaction

If the previoushypersensitivity reaction was severe:
1 Premedicate wittb0 mg prednisolone IV** and 2mg clemastinewithin 30min before
CM administration
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I Choose a different ICM or GBCA*.
f Observethepatienk on YAY 6A0GK L+ Ay LIXI OSo
9 Be vigilant to react to a possible new hypersensitivity reaction

| Patients with grevious (acutehypersensitivityeaction to an unknown ICM or GBCA

A Elective (plannable) examinations with ICM or GBCA

In all patients with a (documented) history of a hypersensitivity reaction to an idshsed
or gadoliniumbased CM, consider an alternative imaging modality. When this is not
possible, consider performirmn unenhanced examnbut onlyif this has an accéable
reduction in diagnostic quality.

If the previous hypersensitivity reaction was mild:

9 Proceed with the radiologic examination normally.

! Observethepatienk on YAY @6AGK Lz Ay LI I OSo
9 Be vigilant to react to a possible néwpersensitivity reaction

If the previous hypersensitivity reaction was moderate:

9 Proceed with the radiologic examination normally.

f Observethepatienk on YAY gAGK L+ Ay LI I OSo
9 Be vigilant to react to a possible new hypersensitivity reaction

In cases of doubtful severity consider referring the patient to a drug allergy specialist f
allergologic skin testing with a panel of different iodin@sed or gadoliniuabased CM.

If the previous hypersensitivity reaction was severe:

9 If clinically reaonable, defer the imaging study until results of allergologic skin testil
are available.

1 Refer the patient to a drug allergy specialist for allergologic skin testing with a pane
different iodinebased or gadoliniuabased CM.

1 Apply the advice of therdg allergy specialist for future CM administration.

i Premedicate witl2 x 25mg prednisolone PO/IV*12h and 2h before CM administratig
and 2mg clemastine Within 1h before CM administration.

f Observethepatienk on YAY AGK L+ Ay LI I OSo

9 Bevigilant to react to a possible new hypersensitivity reaction

B Acute (within hours) or emergency (direct) examinations with ICM or GBCA

In all patients with a (documented) history of a hypersensitivity reaction to an idused
or gadoliniumbased CMconsider an alternativenaging modality. When this is not
possible, consider performing unenhanced exam, if this has an acceptable reduction i
diagnostic quality.

If the previous hypersensitivity reaction was mild:

I Proceed with theadiologic examination normally.

f Observethepatienk on YAY 6AGK L+ Ay LI I OSo
9 Be vigilant to react to a possible new hypersensitivity reaction

If the previous hypersensitivity reaction was moderate:
1 Premedicate wittb0 mg prednisolone IV** and 2mg cfestine IMwvithin 30min before
CM administration
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1 Proceed with the radiologic examination normally.
f Observethepatienk on YAY 6A0GK L+ Ay LIXI OSo
9 Be vigilant to react to a possible new hypersensitivity reaction

If the previoushypersensitivity reaction was severe:

1 Premedicate wittb0 mg prednisolone IV** and 2mg clemastinewithin 30min before
CM administration

1 Proceed with the radiologic examination normally.

f Observethepatienk on YAY 6AGK L+ Ay LI I OSo

9 Be vigilant taeact to a possible new hypersensitivity reaction

[l Patients with goreviousbreakthrough reaction to CM

In patients with breakthrough hypersensitivity reactions to iod@sed or gadolinium
based CM apply the same as above, but always refer thengab a drug allergy specialist
for allergologic skin testing with a panel of different ICM or GBCA.

IV Patients withprevious(acute)hypersensitivity reactions to multiple CM

In patients with hypersensitivity reactions to multiptaline-based or gadoliniuabased CM
(either 2 or more different iodindased CM or gadolinivibased CA or to an iodifgased
CM and a gadoliniurhased CA) apply the same as above, but gbwvafer the patient to a
drug allergy specialist for allergologldrstesting with a panel of different ICM and GBCA

V Patients with previous nesevere late hypersensitivity reactions to CM

In patients withprevious mild or moderate latkypersensitivity reactions to iodireased
CMor gadoliniumbased @ premedication is not recommended, even in acute or
emergency examinations.

Notes
\* Consider crosseactivity of iodinebased CM (see Introduction to this section, table 2). \

** Qrequivalent dose of another glucocorticosteroid
25 or50 mg prednisolone is equivalent to:

1 20 or40 mgmethylprednisolone.

1 4 or8mgdexamethasone.

9 100 or200mghydrocortisone.
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Module 5a Hpersensitivity Reactions after Nonvascular CM
Administration

Introduction

There was few good data to structurally search and critically assess the literature on
hypersensitivity reactions after nonvascular contrast media (CM) administration, such as
gastrointestinal administration, urogenital administration, intrabiliairy admtration, and
intra-articular administration.

Therefore, the guideline committee decided that it was more appropriate to provide an
expertopinion review of the available literature separately and to try to provide
recommendations for practice.

Consideations

1. Gastreintestinal administration

Barium sulphatesuspensions are used more and more infrequently in fluoroscopy than in

the 1970and 1990s. Commercial barium sulphate suspensions are inert and not absorbed by
the gastrointestinal mucosa. Trace amounts of barium ions may be absorbed by mucosa and
stored in soft tissue or bongkucas 1997 Hypersensitivity reactions to barium sulphate a
exceedingly rare and are usually mild. They have been estimated to ocuwunl :

1,000,000 casedanower1986). Yet, severe reactions have been published as case reports

in the heyday of barium use, but are exceedingly (&&ymouy1997).

It is probable that hypersensitivity reactions are not true reactions to barium sulphate but
rather to additives of the commercial barium preparations such as methylparaben or
carboxymethylcellulose. In addition, they may also be attributed to the use ofgpuda
upper or lower Gl studie@Selfand 1985).

lodinebased contrast medidCM) are widely used in CT to opacify and/or distend the
stomach and bowel structures, either via oral intake, via a nasogastric or nasoduodenal
tube, or via direct rectal admistration. The use of fluoroscopy of the Gl system is rapidly
declining. The use of (CT) fistulography for entemtaneous fistula is also included here.

For highdensity (positive) contrast, the older higismolar ionic ioxithalamate meglumine
and sodum meglumine amidotrizoate are still widely used for this purpose. In CT, water or
low-density (negative) CM (Mannitol or PEG) are used more frequently.

In contrast to barium sulphate, small amounts of iodbesed CM are absorbed by the
gastrointestinal mucosa (in the order of 1@ 2%)(Sohn 2002, with relatively more
absorption in the upper than in the lower gastrointestinal system. This absorption may be
slow. Therefore, also iodingased CM can elicit hypersensitivity reactions of all severities,
both acute and delayed reactioii®liller, 1997;Schmidi 1998; Davis2015; Bohm2017).
There is no convincing data that inflammation or ischemia of bowel walls lead to more
hypersensitivity reactions.

Angioedema may also occur in the small bowel and is often under diagnosed as it results in
atypicalabdominal discomforChen 2012; Hy2012. It is probably more frequently caused

by intravascular ICM and GBCA administration, and may be mediated via thesguiated
lymphoid tissue (GALT) in the bowel wdbhm 2017).
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Because iodindased CM ilCT is usually administered intravenously and orally, the true
incidence of gastrantestinal CM administration is difficult to determine. As published cases
are limited to case reports, the incidence is probably very low, much lower than the
incidence afer intravascular iodindased CM administration.

Gadoliniumbased contrast agent&GBCA) are only rarely used for gastrointestinal use in
everyday practice. These GBCA can be absorbed by gatgtstinal mucosa in small
amounts. Given the very low incidee of hypersensitivity reactions to intravascular GBCA,
the risk of hypersensitivity reactions is largely theoretical.

2. Urogenital administration

lodinebased contrast mediare used for a variety of fluoroscopic urologic procedures such
as cystographypyelography, nephrostomography, urinary diversions and neobladders,
urodynamic examinations, or retrograde urethrography.

As in gastrantestinal applications, the urothelium can also absorb these CM in small
amounts(Davis 2015, with a potentially hgher rate if CM is injected under pressure or if
drainage of CM is slow. Therefore, urologic administration can elicit hypersensitivity
reactions of variable severifWeeseg 1993; Miller 1995, even breakthrough reactions
(Armstrong 2005. As shown by one large published series and selected case reports, the
incidence of reactions is lofCartwright 2008. Nevertheless, in a recent survey with a low
response rate by members of the Society of Endourology, hypersensitivity reactions were
reported by a considerable number of selected respondents during their caflear2018).

In hysterosalpingography the incidence of hypersensitivity reactions following use-odine
based CM is very low, even after venous intravasai@anfilippg 1978; indequist 1991; La
Fianza2005).

Gadoliniumbased contrast agentare virtually never used directly for urogenital procedures
and no data on hypersensitivity is available.

3. Biliary system administration

lodinebased contrast mediare mainly used dimg diagnostic or interventional endoscopic
retrograde cholangiopancreatography (ERCP) and in percutaneous transhepatic
cholangiography (PTC) with or without drain (PTCD) placements.

There is some systemic absorption of CM after ERCP in the biliary tract, in which the contrast
can be detected in the kidneys afterwards. Therefore, also biliary procedures may elicit
hypersensitivity reactions to iodiReased CM. However, as shown in thegest published

series, the incidence of hypersensitivity reactions during ERCP is very low, evenrigkhigh
patients(Dragonoy 2008; TrottierTellier, 2018.

Gadoliniumbased contrast agentare virtually never used directly for biliary procedureslia
no data on hypersensitivity is available.

4. Intraarticular administration
lodinebased contrast mediare frequently used for arthrography, sinfleuble-contrast CT
arthrography or to help guide needle placement in MR Arthrography.

The intraarticular contrast can be absorbed in small amounts by the synovium.
Hypersensitivity reactions have been described with severe reactions occurring in incidental
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patients(Newberg 1985; Westessgril990; Hugo 1]11998. However, in two large sueys of
126,000 and 262,000 arthrograms the risk of hypersensitivity reactions was low, and most
reactions were mildNewberg 1985; Hugo 1]1998).

Gadoliniumbased contrast agentare used for MR arthography in a very diluted amount (2
mmol/L or a 1:28 dilution).

Similar to iodinebased CM, trace amounts of GBCA can be absorbed by synovium. However
due to the dilution the number of hypersensitivity reactions following MR arthrography is
almost nonexistent(SchulteAltedorneburg 2003).

5. Miscellagous
lodinebased contrast mediare or have been used for a number of miscellaneous
procedures like (CT) discography, sialographgetetra.

Hypersensitivity reactions in most of these procedures are not documented well enough to
discuss them ihis guideline, or have fallen in disfavour.

Recommendations

Small amounts of ICM or GBCA can be absorbed by mucosa and enter the systemic
circulation after all types of nonvascular CM administration.

Hypersensitivity reactions after nonvascular administration of ICM and GBCA can occt
their incidence is low to very low.

No preventive measures are indicated for ERCP or for nonvascular GBCA administrat

For other indications using ICM no firecommendations can be given for patients that
have experienced hypersensitivity reactions to CM in the past.

In patients that have experiencesbverenypersensitivity reactions to CM in the past,
alternative imaging or contrast agents should be explokétth the radiologist, and a strict
indication for examinations using nonvascular CM administration is needed.

In patients that have experiencesverenypersensitivity reactions to CM in the past,
preventive measures for severe reactions as outlined in Module 5 may be followed priq
examinations using nonvascular CM administration, if possible after laboratory and ski
testing by a specialist in drglergy prior to the examination.
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Introduction to Safe Use of GadoliniBased Contrast Agents

Gadoliniumbased contrast agents (GBCASs) are routinely used in patients undergoing
magnetic resonance imaging (MRI) to enhance image contrast and thereby improving
detection and characterizatioof lesions. These agents exploit the highly paramagnetic
nature of gadolinium (Gd), which alters the local magnetic propestiestening both Tand

T, of tissue leading to increased signal intensityTo-weighted images (and reduced signal
intensity on p-weighted images{Elste). Since their introduction in 1988, GBCAs have been
administered worldwide, with an estimate of 550 million doses being delivered (Balzer,
2017; McDonald, 2018; Endrik&018). At present, roughly 30 45% of theMRI scans use
GBCAs, with an estimated use of 40 million doses per(fairikat personal

communication).

I Gadolinium Physicochemistry

Gadolinium and relaxivity

Gadolinium (Gd; Z = 64 and MW = 157,25 g/mol) is a rare earth metal frobathleanide

family of elements in the periodic system. It has seven unpaired electrons in its 4f orbitals,
has a high magnetic moment, and a very long electron spin relaxation time (Caravan, 1999;
Lin, 2007; Hao, 2012).

The efficiency of Fveighted contrat agents iraqueoussolutions is determined by its
relaxivity (£ = 1 / ). The relaxivity is determined by relaxation effects of water molecules
interacting directly with the paramagnetic ion (inner sphere) and interactions with closely
diffusing watemmolecules without interacting with the NI complex (outer sphere).

For clinical GBCA 60%refaxivitycomes from inner sphere effects and 40% from outer
sphere effects. Chelated gadolinium complexes are monohydrated §G{Kas in their
spherical cafiguration there is only enough space around the gadolinium for one (inner
sphere) watemolecule thatexchanges rapidly with other nearby water molecules (outer
sphere) (De LecRodriguez, 2015).

Gadolinium chelation and stability constants

In biologic&systems, unchelated Gdons are toxic because the ion has an ionic radius
(107,8 pm) close to the ionic radius ofQd 14 pm) and can bind to €aon channels and
C&*-dependent proteins such as metalloenzymes or messenger proteins like calmodulin o
calexitin.

To suppress this potential toxicity, the Tibns must be tightly bound to an organic ligand

to form a metalligand (ML) complex or chelate. The ligand will reduce toxicity, change the
tissue distribution, and influence relaxivity. In tberrent European situation, such ligands
are macrocyclic (DOTA,BD3A or HBDO3A) or linear (BOPTA or EDBPA) (Tabll).

Normally,equilibriumexists for the reaction between metal M and ligand L.
The reaction can be written agM) + () T (ML)

The stability of the Gadoliniustigand complex can be described by a number of constants.

The logarithm of the thermodynamic stability constamgt# describes the affinity of Gd for
the ligand, ands normally measured at pH = 14. Higher values imply a higher stability.
Kherm = (M L) / (M) . (L)
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For biological systems more appropriate is the logarithm of the apparent or conditional
thermodynamic stability constari.ong, whichconsiders the total concentration of the free
ligand, including all its protonation states. It characterizes the affinity of Gadolinium for
ligand in aqueous media under physiologic conditions (pH = 7,4). In all GBCA the conditional
stability is substantilly lower than the thermodynamic stabilityeckas= (ML) / (M) - {D +
HY+HLb XXXPDY

The kinetic stability describes the kinetic rate of the dissociation of the Gadoliigamd
complex. It is closely related to the thermodynamic stability &nehost commonly
described as the halife of the dissociation of the Gldigand complex or by the observed
dissociation constant.ks. To be measurable, such kinetic analyses are done under acidic
conditions at pH =1 (Port, 2008). Dissociation ratg,s(ML).

Some commercial solutions of contrast media contain variable amounts of free ligands or
calcium complexes to ensure chelation of any freé*@dother metal traces from the vial
during its shelf life. This amount is often used as indirect indicatt the instability of the
compound.

The thermodynamic stability constants are a measure of how much uncomplexXédid

be released in biologic tissues if the system readuwslibrium In vivo, such new
thermodynamic equilibrium is usually not reached as most of the complex is excreted long
before any uncomplexed gadolinium can be released. Therefore, the kinetic stability is in
vivo much more important than the thermodynamic stability

Transmetallation

Transmetallation is the exchange between*Guhd other metal ions Nthat have greater
affinity for the chelate. The amount of transmetallatidepends on the stability of the
chelating ligand. Gadolinium ions can be removed from thdigashd complex by several
endogenous positively charged ions likéZ&#*, and C& whereby Gd&'is released, while
endogenous negatively charged ions likesPé&hd CG can compete with the free ligand to
form insoluble toxic Gd compounds like GdR@r Ga(CQ)s (Idee, 2008.

Transmetallation can be described by the reacti¢@ctl) + (M*) T Gd** +(ML)

Of the most frequently described stabilityrstants, a high kinetic stability is regarded as
the most important to minimize transmetallation. Since the stability of trezrocyclic Gd
chelates is much more limited by the slow release of"@dm the complex, the kinetic
stability is more important in such ligands.

The main physicochemistry and stability data of current GBCA are summarizaiolénl

Biodistribution and Elimination

After intravenous administration the GBCA is excretedhaykidneys with an early

elimination halflife of about 1.5 h in patients with normal renal function. More than 90% of
the injected GBCA is cleared from the body within 12 h. This early excretion phase is similar
for linear and macrocyclic GBCA.

In patierts with severely reduced renal function (eGFR < 30 ml/min/12J 3nis elimination
half-life for GBCA can increase up ta38h(Joffe, 2008 During that time there is a
potential for transmetallation with an increased release of freé*@hs (Aime, 209).
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Recent systematic review of pharmacokinetic analysis revealed a deep compartment of
distribution with longlasting residual excretion. This lofagting excretion is faster for
macrocyclic compared to linear GBCA, correlated to the higher thermodgretability and
differences in transmetallation. In addition, bone residence time for macrocyclic GBCA (up to
30 days) was much shorter than for linear GBCA (up to 2,5 years) (Lancelot, 2016).

Il Nephrogenic Systemic Fibrosis (NSF)

Nephrogenid=ibrosing Dermopathy and Nephrogenic Systemic Fibrosis

In 2000, a previously unknown fibrosing skin disorder, resembling scleromyxedema, was first
described irhaemodialysipatients. At the time it was termed Nephrogenic Fibrosing
Dermopathy (NFD) (Cowpe2000), and the histopathology and differentiating features from
other fibrosingdiseasewnere described later (Cowper, 2000ngoingresearch revealed that

the fibrosis was not limited to the skin and subcutis, but that it was a generalized fibrotic
process, whictcan also involve heart and pericardium, lung and pleura, muscles, diaphragm,
renal tubules and the rete testis. Therefore the name was changed to Nephrogenic Systemic
Fibrosis (NSF).

In 2006 the use of gadolinium was first linked to the depaient of NSF in patients with
end-stage renal disease who developed NSF witkdnveks after gadodiamidenhanced
MRA(Grobner, 200R Almost simultaneously, another Danish group reported on thirteen
patients (eight dialysidependent) who developed N@ler administration of 1% + 55

mmol gadodiamid¢Marckmann, 200b The exact aetiology of NSF is unknown. There is a
constant association with severe renal insufficiency, usually CKD grade 5 or dialysis. No
association with the cause of the renal intiEncy has been shown and there is no
indication that dialysis can induce the disease, but many patients have a history of a failed
renal transplantation.

Clinical features of NSF

NSF is an illness of all age groupw®(87 years) without predilection for race or sex. There
can be a fulminant course in 5% of cases. All affected patients have severe chronic kidney
disease (CKD), while the majority is diabkggipendent, eithethaemodialysi®r peritoneal
dialysis. The printgt cutaneous lesions consist of pink, erythematous papules that coalesce
into erythematous plaques and-RS Y NOI 6§ SR oNI} gye& LX I 1jdzSa 6AGK |
surface. The skin (and subcutis) is thickened and has a hardened, woody texture. The
extremities areinvolved most frequently, the legs more often than the arms. Involvement is
usually symmetrical, with extension from the ankles to the thighs and from the wrists to the
upper arms. The trunk is less frequently involved. Contractures can occur in injahisd

and may lead to severe disability (days to weeks). In the involved extremities itching and
sharp pains can be present.

The disease resembles the very rare scleromyxedemaiBbglobulin amyloidosis can also
induce fibrosis in patients with adwaed CKD. Other possible differential diagnoses include
scleroderma, morphea (localized scleroderma), sgdema eosinophilic fasciitis,

calciphylaxis, porphyria cutanea, and even dermatofibrosarcoma protuberans (DFSP). In an
early phase there may be overlap with cellulitis, panniculitis, or-deagtions.

NSF is a clinical and histopathological diagnosis. btdrgrtests are nosspecific or related
to the underlying disease. A deep skin biopsy shows irregularly thickened celamgen
elastin bundles with clefts and increased deposition of dermal mucin. Between these
bundles fibroblastic cells are deposited g@sitive for CEB4, C45R0, and procollagen I.
Also, large dendritic cells are present, positive for@8and Factor Xllla. Leukocytes or
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lymphocytes are only present in a limited number. Diagnosis of NSF is currently based on the
clinicopathologic Ginali criteria (Girardi, 2011).

There is no effective treatment for NSF, and prevention is therefore very important.
Restoring renal function rapidly by renal transplantation may be the best treatment.

End of 2013, the FDA Adverse Event Reporting Syswuded 1603 NSF cases. Cases were
associated with GBCA exposure before 2010, while few (if any) cases were associated with
GBCA exposure after 2010. Most cases originated from USA in patients agetD5fetos

Ofthe cases, 88% occurred in stage 5 GXEFR < 15 ml/min/1.73Mand 10% in patients

with acute renal failure. Among the risk factors, chronic liver disease is no longer a
significant risk factor (Smorodinsky, 2015; Fraum, 2017).

Association of NSF with gadolinidmased contrast agents

Many rerospective caseontrol studies have found a significant association between GBCA
administration and the risk of NSF (Edwards, 2014; Zhang, 2017; Zou, 2011). Almost all
unconfounded cases (i.e. definitely associated with one GBCA) are associated &ith line
GBCA, especially gadodiamide, but not with macrocylic GBCA. Risk factor analyses have
shown that a higher cumulative linear GBCA dose (either from using high dose injections or a
greater number of MRI examinations) and previous inflammatory conditieitisef

thrombosis or endothelial damage from vascular or transplantation surgery) are associated
with increased risk (Van der Molen, 2008; Thomsen, 2016). The initial retrospective studies
investigating the association between NSF and GBCA were limitsldnfion bias. Another
important limitation is the considerable geographic differences exist in the number of
reported cases, that cannot be explained by differences in patient populations and are thus
possibly exist due to differences in reporting of N&§es omedicolegal systems (Thomsen,
2016; Endrikat, 2018). Of all countries ugjagloliniumbased contrast agents wordide,

one of the countries with the highest NSF awareness, Denmark, reported the highest
prevalence worldwide with 12 cases per linit inhabitants based on cases reported

between 2006 and 2012 (EImholdt, 2013).

In the published NSF cases that described a link to linear Gpatiéstspresented with

symptoms starting within -3 months of CM administration. However also much longer

delays have been described of even up to 1 to 6 years in limited number of cases. Suggested
explanations for thisariability between time to linear GBCA espoe and the onset of NSF
symptomsare slow mobilization of Gd over time from skin or bone stores.

Analysis of cases registered at Bayer Healthcare revealeddhaby market introduction
and US market share 2000 to 2007 influenced the absolute nunfli¢Eb reports for each
GBCA, as well as their a priori probability to cause NSF (Endrikat, 2018).

In the most recent review of 693 patients with biopsynfirmed NSF, it was shown that only
7 cases were associated with GB&#osure after 2008. This indies that the regulatory
actions and practice changes have been very effeciagtorsthat were associated with

NSF included exposure high-risk GBCAhaemadialysis, preinflammatory conditions), -
blockers,hyperphosphatemia,and epoetin Forlow-risk GBCA there is no need for
screening of renal function prior to contrast administration (Attari, 2019).

Il Gadolinium Deposition in the Brain and Body
A. Gadolinium Deposition in the Brain
Clinical studies
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In 2014, it was suggested that the retrospectively observed hyperintensity of the dentate
nucleus and the globus palliduslativeto the pons (dentate nucleus to poKBNB ratio) on
unenhanced Fweighted images of a population of patients with braimours, was related
to repeated administrations of linear GBC@sanda, 20131 Almost simultaneously, another
groupreported similar findings on unenhancegweighted brain images after multiple
injections of gadodiamide in patients with multiple sclerasisl patients with brain
metastases (Errante, 2014).

After these initial reports, a multitude of retrospective steslihave found increased Sl in the
dentate nucleus and or globus pallidus for linear GBCA. No such increasdsuveréor
macrocyclic GBCA, even after large doses (Radbruch, 2015; Ramalho, 2016; Radbruch, 2017
In a recent systematic review of these diess by the ESMRMB Gadolinium Research

Evaluation Committeénhow ESMRMEREQG] was shown that there was large variety in
sequence type and evaluation methodologies (Quattrocchi, 2019).

One of the biggest problems is that increased SlI ratiemiahhancedl;-weighted MRI are a
poor biomarker for gadolinium deposition, as Sl ratios do not have linear relationship with
Gd conentration, and are highly dependent on the MRI parameters used during acquisition.
Absolute signal intensity (expressedaitbitrary units) in MRI depends on many MRI
parameters such as field strength, sequence type/parametans sensitivity/filling fator,

coil tuning/matching drift, et.. Since little is known about which forms of gadolinium are
present (speciation), signal intensities, or changes thereof, will not reflect true changes in
gadolinium content (McDonald, 2018; Quattrocchi, 2019).

Preclinical studies

Preclinical studies in rat brains have highlighted the importance of in vivo dechelation of
GdP*ions from less stable GBCAs, regardless of the presence of a renal dysfunction and with
a clear doseeffect relationship. All quantities we in the nmol per gram tissue range. They
have also shown thatifferences exisin the amount of total gadolinium retained in the

brain when comparing different GBCA compounds (Robert, 2015; Jost, 2016; Robert, 2017;
Smith, 2017).

To date it is uncleavhat forms are responsible for the increase@vBignal increase
(gadolinium speciation). Recently, it was shown that for gadolinium in the rat brain 3
different chemical forms have to be distinguished: intact chelate, gadolinium bound to
macromoleculesand insoluble gadolinium salts (Frenzel, 2017). The intact chelates were
found for both linear and macrocyclic GBCA, but the other forms only for linear GBCA. As
precipitated gadolinium does not induce any MRI signal when excitated, it is likely that the
gadolinium bound to macromolecules is responsible for the visibhehlperintensity in

clinical MRI (Gianolio, 2017).

Well-conducted longterm animal studies demonstrated that for linear GBClarge portion

of gadolinium was retained in the brain, with binding of soluble gadolinium to
macromolecules. For macrocyclic GBCA only traces of the intact chelated gadolinium were
present with completavashoutin time (Robert, 2018; Jost, 2019).

Intact GBCA does not cross the intact bldwdin barrier. It is now believed that GBCA can
reach the CSF via tlohoroidplexus and ciliary body and can reach the brain interstitium via
the glympahic system along perineural sheaths and perivascular spaces of penetrating
cortical arteriesGBCA distributed into the cerebrospinal fluid cavity via the glymphatic
system may remain in the eye or brain tissue for a longer duration comparie t6B@.in
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systemic circulationThe glympathic system may be responsible for deposition in linear
GBCA as well #gr GBCA clearanddaoka, 2018; Deikdofmann, 2019).

B.  Gadolinium Deposition in the Body
Most data mentioned below are all fropreclinical studies in animals.

Gadolinium deposition in bone

Lanthanide metals (gadolinium, samarium, europium, and cerium) have long been known to
deposit in bone tissue and have effects on osteoblasts and osteoclasts, but the exact
mechanisms areot yet well understood\(idaud, 2012).

Gadolinium deposits have been found in samples of bone tissues of humans at higher
concentrations than in brain tissue after administration of linear and macrocyclic GBCA,
whereby linear GBCA deposit 4 to 25 tinmesre than macrocyclic GBCA (White, 2006;
Darrah, 2009; Wang, 2015; Murata, 2016).

The bone residence time for macrocyclic GBCA (up to 30 days) is much shorter than for
linear GBCA (up to 8 years) (Darrah, 2009; Lancelot, 2Ba6¢. may serve as a stge
compartment from which Gd is later released in the body (Thakral, 2007). It is postulated
that the longterm reservoir of gadolinium in bones might implicate that some patients with
high bone turnover, such as menopausal women and patients with ostes{gmay be

more vulnerable to gadolinium deposition (Darrah, 2009).

Gadolinium deposition in skin
Gadolinium depositions in skin have been demonstrated ever since the association of GBCA
with nephrogenic systemic fibrosis in 2006. See also section on NSF

In skin biopsies of NSF patiergadolinium was found along collagen bundles but also as
insoluble apatitelike deposits, suggesting dechelation (Siel2809; Thakral, 2009). After

linear GBCA, gadolinium deposits were found up t.80 times more frequently than after
macrocyclic GBCA, histologic changes are more extensive, and also products of dechelation
of GBCA can be found (Haylor, 2012; Wang, 015

Recently, gadolinium has also been found in the skin of patients with normal renal function

after high cumulative GBCA doses (Roberts, 2016). With normal renal function even a case of

W3 R24 RER@XIF SR LX I1jdzS4aQ KI & abg&dblyiunRSa ONR G SR ¢
depositionin the skin after linear GBCA might give clinically relevant symptoms (Gathings,

2015).

Gadolinium deposition in other organs
Thus far, very little is published about the effects of gadolinium deposition in other organs.

In a clhical study in the liver, gadolinium deposits have been associated with iron overload
in the livers ofpaediatricstem cell transplantation patients with normal renal function,
reacting well to iron dechelation therapy (Maximova, 2016).

Based on animal stlies, it has been suggested that residual Gd is also present in tissues

samples of kidney, liver, spleen, and testis (Tweedle, 1995; Wang, 2015; McDonald, 2017; Di

Gregorio, 2018; Mercantepe, 2018; Celiker, 2018; Celiker, 2019). While deposition in the

bt Ay 61 & 2yfeé w (2 1t >3 DRI GKS |Y2dzyia Ay 20K
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tissues the level was highest for the linear GBCA gadodiamide (McDobal), 2

Selfreported clinical symptoms

Thus far, gadolinium deposition has not been associated with clinical symptoms.

Small online gadolinium toxicity support groups in USA have claimed that their members
have manifested symptoms analogous to NSF and have prolonged excretion of Gd in urine
following administration of GBCA. Surveys have shown variable symptoms that itheur e
directly or within 6 weeks of GBCA administration. Most reported symptombuareng
sensation and bone pain in lower arms and limbs, central torso pain, headache with
vision/hearing changes, and skin thickening and discoloration (Burke, 2016 k3e216).

CKAA O2YLX SE 2F aeévyLizvya o6l & O2AyMeRitcalal R2f Ay A dz
findings are the presence of gadolinium in the body beyond 30 days, combined with at least

3 of the following features, with onset after the administratiohGBCA.: i) central torso pain,

ii) headache and clouded mentation, iii) peripheral leg and arm pain, iv) peripheral leg and

arm thickening and discoloration, and v) bone p@emelka, 2016)

Significant differences in gadolinium levels in bone and urine have been observed between
individuals experiencing symptoms and those who are(botd 2018. A large study with a
control population found mor@ew symptoms within 24 h after exposure ®BCAthan

after unenhanced MRI. From the Gilke symptoms, only fatigue and mental confusion

were more frequently reported after enhanced MRI, questioning the term GDD (Parillo,
2019).

IV___ The effect of NSF and the EMA ruling

In many Europeanountries, the described association between NSF and exposure to linear
GBCAs in 2006 hessulted in the facthat most hospitals switched early (2007 and

onwards) to macrocyclic GBCA use only, in most cases gadoterate or gadobutrol. After the
series of piblications describing increased signal intensities in the brain nuclei on
unenhanced T4veighted imaging after multiple linear GBCA exposures andipostem

studies revealing theresenceof small amounts of gadolinium in neural tissues, the
European Mettines Agency instituted an article 31 procedure which eventually led to the
withdrawal of EU market authorizations of the higkk linear GBCA gadodiamide and
gadoversetamide, as well as restrictions on the use of gadopentetate (MR Arthrography
only)and, gadobenate (liver imaging only) (EMA, 2017; Dekkers, 2018). Therefore, for
general use in MRI only macrocyclic GBCA are available, while the linear GBCA gadoxetate
and gadobenate are available for livgpecific MRI.

Gadolinium metabolism and depositistill has many knowledge gaps for which an
international research agenda is important. The ACR/NIH/RSNA Meeting 2018 has made a
good inventory where future research should be aimed at (McDonald, 2018).
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Tablel Physicochemical characteristics and stability constantgaflolinium-basedcontrastagents

Name Ligand Structure lonicity Molecular Osmolality Viscosity T1 relaxivity T2 relaxivity in Renal
Weight 37°C in blood, 1.5F blood, 1.5F Excretion
(Dalton) (mOsm/kg) (mPa s) (L/mmol s) (L/mmol s) (T¥ hours)
gadopentetate DTPA Linear lonic 939.0 1960 29 4.3 4.4 1.6
gadodiamide DTPABMA Linear Nonionic 537.6 789 1.4 4.6 6.9 1.3
gadobenate BOPTA Linear lonic 1058.2 1970 5.4 6.7 8.9 1.2-2
gadoxetate EOBDTPA Linear lonic 682.0 688 1.2 7.3 9.1 1.0
gadoteridol HRDO3A Macrocyclic Nonionic 558.7 630 1.3 4.4 5.5 1.6
gadobutrol BTDO3A Macrocyclic Nonionic 604.7 1390 4.9 53 5.4 15
gadoterate DOTA Macrocyclic lonic 558.6 1350 2.0 4.2 6.7 1.6
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Name Ligand Thermodynamic Conditional Kinetic Dissociation Excess Stability Decision

Stability Stability Stability Constant Ligand Classification EMA 2017
(pH 14) (pH 7.4) (37°C, pH 1) Kobs EMA
(Log Keerm) (Log Kond (T hours) (sh (mmol/)

gadopentetate DTPA 22.5 18.4 0.16 0.58 1 Low Artho only
gadodiamide DTPABMA 16.9 14.9 0.01 12.7 25 Low Withdraw
gadobenate BOPTA 22.6 18.4 NA 0.41 0 Intermediate Liver only
gadoxetate EOBDTPA 235 18.7 NA 0.16 Intermediate Liver only

gadoteridol HRDOS3A 23.8 17.1 1.6 0.00026 0.5 High Maintain

gadobutrol BTDO3A 21.8 14.7 7.0 0.000028 1 High Maintain

gadoterate DOTA 25.6 19.3 23.0 0.000008 0 High Maintain

NA = not available
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Module 6 Nephrotoxicity of GadoliniurBased Contrast Agents

Clinical question

How can P@KI be preventedfter administration of GadoliniurBased (Gd) Contrast

Agents (GBCA)?

Subquestions:

1. Is administration of GadoliniuBased (Gd) Contrast Agents (GBCA) associated with an
increased risk of post contrast acute kidney injury-fI) compared to
placebo/unenhancedmaging?

2. Isthere a difference in the risk of A&l between high and low dosage of GBCA?

3. Is there a difference in the risk of &I between different GBCA?

Introduction

From laboratory testing on cell lines and animals, it is known that Gd chelates are
nephrotoxic. In daily practice, this nephrotoxicity is not an issue, as the required dose of
these chelates is usually too low to lead to nephrotoxicity in patients.

Search and select criteria
To answer our clinical question a systematic literature amalbyas performed.

P (Patient): patients who received GadoliniBased Contrast Agents (GBCA);

| (Intervention):  gadolinium based contrast agents, gadoterate meglumine,
gadodiamide, gadobenate dimeglumine, gadopentetate dimeglumine
gadoteridol, gadoversetamide, gadobutrol;

C(Comparison): no GBCA or another type of GB@Adoterate meglumine,
gadodiamide, gadobenate dimeglumine, gadopentetate dimeglumine,
gadoteridol, gadoversetamide, gadobutrol;

O (Outcomes): nephrotoxicity(acute and permanent)dialysis, mortality.

Relevance of outcome measures
The working group considered the outcomes nephrotoxicity, mortality and dialysis critical
measures and outcome for the decisioraking process.

The working group did not define the criteria for the outcomes a priori, but used the
outcomes aglefined in the studies. The working group considered a clinically relevant
difference according to the standards of GRADE: a difference in relative risk of 25% for
dichotomous outcomes and a difference of 10% for continuous outc@BADE
handbook weblink in references

Methods

The databases Medline (OVID), Embase and the Cochrane Library were searchetidiom 1
January 1996 to March 2018 using relevant search terms for systematic reviews (SRs),
randomized controlled trials (RCTs) and observaticinaliss (OBS). The literature search
produced 245 hits: 22 SR, 51 RCTs and 172 OBS. Based on title and abstract a total of 15
studies were selected. After examination of full text 7 articles were selected: 4 for
subquestion 1, 2 for subquestion 2 and 1 $abquestion 3Reasons for exclusion are

NELR2NISR Ay SEOfdzaA2y Gl 0 fTHe mostmlevadtdludyKS ¢ | o

characteristics of the included studies can be found in the evidence tables.
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1. Gadolinium Based Contrast Agentersus placebo/unenhanced imaging

Summaryof the literature

Macrocyclic GBCA

Deray(2013)describe a prospective muténtre non-randomized study, comparing the renal
safety of GeDOTA (macrocyclic GBCA) enhanced MRI witkenbianced MRI in 114
patients witheGFR 1560 ml/min/1.73 n¥(Deray, 2013}5d-DOTA was injected
intravenously by a power injector at a dose of 0.1 mmalRGAKI was defined as an
increase in SC of at least 25% or 44.2mmol/kg above the baseline value. Seruningreatin
levels were measured 72124 hours after the MRI.

Linear GBCA

In a randomized controlled trial by Townsef2D00)32 patients were included. They were
divided into 2 categories, eGFR-@0 (group 1) and eGFR 029 ml/min/1.73n? (group 2)
(Townsend, 2000Patients in both groups were randomized to be infused with either Gd
BOPTA (linear GBCA) or saline, bothddse of 0.2nmol/kg. Both groups maintained saline
infusion after the initial bolus and received a total of 2510 ml saline. No MRI took place
after the injection. P@\KI was defined as an increase in serum creatinine (&G2pmol/|
above the baselia value. SC was measured before the injection and for 7 consecutive days
after the injection. In group 1, 9 patients received Gd and 6 saline, in group 2, 11 patients
received Gd and 6 saline.

Gok Oguf2013)describesl44 patients with 1 or more risk fams for AKI (advanced age

75 year$, diabetes mellitus, chronic kidney disease, congestive heart failure, using other
nephrotoxins, and hypotension) in a prospective casetrol study(Gok Oguz, 2013)
Patients were divided into 2 groups, but the aléi does not statelearlywhat the criteria

are to be included in either one of the groups. All 72 patients (mean eGFR 36
ml/min/1.73m?) in group 1 received intravenous injection with-B@PA (linear GBCA),
whereasall 72 patients (mean eGFR 39 ml/min/3ri#) in group 2 received no Gd contrast.
PCAKI was defined as an increase of SC of at leasp@62{ K H0%2fridh baseline.
Before the MRI and at e, 24h, 72h, and 16&h after the MRI, SC was measured.

Trivedi(2009)describe a retrospective study that included 162 patiemt® underwent MRI
with gadodiamide (linear GBCA) and 125 controls that underwent unenhance(TkrRdi,
2009) Patients were included when SC measurements were available during 7 days
preceding MRand 480 72 hours after MRI. Baseline eGFR was 103.49t%
ml/min/1.73m? in the group receiving Gd and 103.4 48.4 ml/min/1.73n% in the control
group. PCAKI was defined as SC >44.2 micromol/l compared to baseline.

Results

Outcome PosContrastAcute Kidney Injury (PEKI)

Four studies (Townsend, 2000, Deray, 2013, Gok,@§18 and Trivedi, 2009) reported on
the incidence of P@KI after administration of GBCA. Due to the heterogeneity in study
designs the results were not pooled.

Macrocyclic GBCA
Deray(2013) reported P@KI in one patient after injection with macrocyclic-C@TA
(1.4%).

Linear GBCA
There were no cases of PAKI in the studies Gok Oguz (2013), Townsend (2000) and Trivedi
(2015) using a variety of linear GBCA.
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Quality of evidence

Thequality of certainty of evidenceras graded as very low due to high risk of bias (see
Table Risk of Bias assessment, downgraded by one point) and low number of patients
(imprecision downgraded by two points).

Outcome Dialysis

Two studies reported on theequirement of dialysis after administration of GBCA. Both
studies (Townsend, 20@8Bnear GBCAgnd Deray, 2018Vlacrocyclic GBCP)eportedthat
no subjects required dialysis.

Quality of evidence
Thequality of certainty of evidenceas graded agery low due to the low number of
patients (imprecision downgraded by two points).

No studies reported on the outcome mortality.

2. High versus low dose of GadolinitBased Contrast Agents

Summary of the literature

Macrocyclic GBCA

Kroenckg2001)randomized 94 patients with suspected abnormality of the abdominal aorta
or renal arteries to MR angiography after the 1V injection of one of four doses of gadobenate
dimeglumine (0.025, 0.05, 0.1, and 0.2 mmol/kg of body wejghthacrocyclic GBCA
(Kroencke, 2001)SC was obtained paose and at the 24r follow-up examination.

Tombach(2001)describe 21 patients in a randomized controlled, ofemel trial. Patients

were classified into two subgroups according to their creatinine clearance: grauf2)(

eGFR 30 to 80 ml/min/1.73hand group 2r(=9), eGFR<30 ml/min/1.73Tombach,
2001).Then, patients were randomly assigned to receive the higher dose of 0.3 mmol/kg of
the macrocyclic GBCA gadobutrol (group6/12; group 2n=4/9) or the lowerdose of
gadobutrol of 0.1 mmol/kg (group bh6/12; group 2n=5/9). Changes in vital signs, clinical
chemistry, and urinalysis results, including creatinine clearance, were monitored before, at 6
hours, and then every 24 hours until 72 hours (group 1)28rHours (group 2) after

intravenous injection of gadobutrol.

Tombach (2002nrolled 11 patients witkend-stage renal failure who required
haemodialysisreatment (Tombach, 2002)Purpose of the study was to assess the safety
and dialysability of gadobutrol. Gadobutrol (1 mol/L) was injedtéhvenouslyat randomly
assigned doses of either 0.3 or 0.1 mmol of gadolinium per kilogram of body weight for
contrastenhanced MR imaging

Linear GBCA

Kittner(2007)randomized patients with suspected renal artery stenosis to 0.01, 0.05, 0.1, or
0.2 mmol/kg of the linear GBCA gadodiamide (n=69, 67, 69 and 61, respe¢i¥her,
2007)Safety of gadodiamide was monitored by comparing the data déa@ ECGs, vital

signs (blood pressure, body temperature, heart and respiratory rate), serum biochemistry
(including renal parameters), and physical examinations collected immediately before and
24 h after gadodiamide administration.

Broome(2007)retrospectively studiedhe dialysis and MRI recor@8roome, 2007)One
hundred eighty six dialysis patients underwent 559 kms;ncluding 301 Gd enhanced
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MRI between 2000 and 2006. The linear GBCA gadodiamide was the sole Gd chelate used in
either 0.1 mmol/kg or 0.2 mmadikg.

Results

Outcome Pos€Contrast Acute Kidney Injury (R&I)

Five studies reported on the incidence of-RKl (Kroencke, 2001; Tombach, 2001, Tombach,
2002, Kittner, 2007 and Broome 2007). All five studies reported no casesAKIP@sing

either linear or macrocyclic GBCA.

Quality of evidence

Thequality of certainty of evidenceras graded as very low due to high risk of bias (see
Table Risk of Bias assessment, downgraded by one point) and the low humber of patients
(imprecision downgradety two points).

No studies reported on the outcomes dialysis and mortality.

3. Nephrotoxicity of different gadoliniusdased contrast agents
One study investigated the difference in nephrotoxicity between different gadolifnased
contrastagents.

Naito (2017)describesa prospective randomized study including 102 patients that were

randomized to either receive Orbhmol/kg gadodiamid€linear GBCAQr 0.1 mmol/kg Gé

DTPAlinear GBCANaito, 2017)eGFR in the gadodiamide group was 90-3.9/5

ml/min/1.73m? and 94.1 + 26.4 ml/min/1.73n% in the GADTPA groupSC was measured

16-80 hour after the procedure. PCYL ¢ & RSFRAFS RY X ANBXW aboye f 2 NI X
baseline.

Results
Outcome PosContrast Acute Kidney Injufly GAKI)
In both groups, no REKI occurred.

Quality of evidence

Thequality of certainty of evidencevas graded as very low due to high risk of bias (see
Table Risk of Bias assessment, downgraded by one point) and the low humber of patients
(imprecisiondowngraded by two points).

No studies reported on the outcomes: dialysis and mortality.

Literature conclusions

Administration ofmacrocycligadoliniumbased contrast agendoes not
Very low |seem to beassociated with an increased risk of-RKI.
GRADE
Sources:Qeray, 2013Kroencke 2001;0mbach 2001; Tombach 2002)
Administration oflineargadoliniumbased contrast agenidoes not seem
to beassociated with an increased risk of-RKI.
Very low
GRADE . . . o
Sources:Broome 2007; Deray, 2013; Gok Oguz, 2013; Kitther 204i6
2017;Townsend, 2000; Trivedi, 2009)

| Verylow |lItis unknown whether administration shacrocycligadoliniumbased |
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GRADE | contrast agentss associated with an increased requirement of dialysis

Soure: (Deray, 2013)

It is unknown whether administration of lineaagoliniumbased contrast

Very low |agentsis associated with an increased requirement of dialysis.
GRADE

Source: (Townsend, 2000)

Thereseems to bano doseresponse association betweenacrocyclic
Very low | gadoliniumbased contrast agen@nd PCGAKI.

GRADE
Sources: (Kroencke, 2001; Tomha&d01; Tombach, 200

Thereseems to beno doseresponse association betweeadplinium
Very low |based contrast agentsnd PCAKI.

GRADE
Sources:Broome 2007Kittner 2007)

It is unknown whether there is a difference in the riskR@AKI between
Very low | different gadolinium based contrast agents
GRADE

Source: (Naito, 2017)

Considerations

Compared to the large amount of literature of the incidence and prevention gilGfter
administration of lodinebased contrast media (ICM), little is known on this subject after
administration of GBCA. In general, it is said that GBCA are less neptitbam ICM, and
the abovedescribediterature seems to acknowledge that.

It is generally recommendable to use the lowest GBCA dose needed to achieve a diagnostic
examination, and usually the standard dose of 0.1 mmol/kg suffices for most clinical
indications (ESUR 2017).

Looking more deeply into the chemistry of CM and the results of experimental studies,
another picture emerges (Nyman, 2002). First of all, ICM concentrations are expressed in
mgl/ml and GBCA concentrations in mmol/ml, a fundameniféince. One mol of lodine
atoms corresponds to 126.99g of I, whereas 1 mol of Gd atoms corresponds to 157.3g of Gd.
As most of the commercially available GBCA are 0.5mmol/ml, they thus contain 78.65 mg/mi
of Gd. When it comes to lodine, 0.5mmol/ml I, isponds to 63mgl/ml. But ICM are

usually used in concentrations ranging from 300mg/dd0mg/ml, i.e. 2.36mmol/mi 3.15
mmol/ml. The commercially available iodine doses are thus much higher than the
commercially available gadolinium doses (Nyman, 2002).

Furthermore, GBCA contain one attenuating Gd atom per molecule, whereas ICM monomers
contain 3 attenuating | atoms per molecule and ICM dimers contain 6 attenuating | atoms

per molecule. The combination of more attenuating atoms per molecule and theatiffer

in attenuation ofGd and ht different photon energies, results in the fact that at 120 kVp CT,
approximately 110mgl/ml monomer equally attenuates with 0.5mmaol/ml Gd. At 80kVp CT,
approximately 95mgl/ml monomer equally attenuates with 0.5mmol/ml Synjan 2002).
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For DSA a concentration of 60 to 80mg/ml | monomer, produces the same attenuation as
0.5mmol/l GBCA at commonly used-90 kVp range (Nyman, 2002).

Thus, in order to achieve the same amount of attenuation in CT with an ICM monomer
300mg/ml, atriple Gd 0.5mmol/ml dose has to be administered. This also means that DSA
attenuation produced by an ICM monomer 300mg/ml is achieved with & tmes higher

Gd 0.5mmol/ml dose. The above results show that changing from ICM to GBCA in CT and
DSA is noa safe option due the 3 to 5 times higher GBCA doses necessary to achieve the
same amount of attenuation.

Therefore, the working group concludes that, especially in interventional radiology, using
GBCA would potentially lead to more harmful effects caneg to ICM, and would not
recommendsubstitutingICM with GBCA. This is in line with a systematic review in which the
authors concluded that GBCA does not appear to be safer than iodinated contrast in patients
at risk of PAKI (Boyden, 2008).

As the dos to achieve significant enhancement for GBCA in MRI is much lower as in CT and
DSA, it is not a surprise that the small amount of available literature shows no indication of
PCAKI after the administration of GBCA at the recommend standard dose of 0,Ykgmo

Therefore, the working group sees no additive value in using any prophylactic measures

(such as hydration, as described in part 1 of the guideline), and recommends not to use any.

A recent Canadian guideline on GBCA in chronic kidney diseasetbtdatastandard dose

of GBCA in patients with eGFR 30 to 60 is safe and no additional measures are necessary. In
patients with eGFR <30 ml/min/1.73rand patients on dialysis, administration of GBCA

should be considered individually (Schieda, 90Thusan individual riskbenefit analysis

GAOGK GKS LI GASYydQa NBI dzShouldbe Baddolsnsuiieradtict y I Yy R
indication for gadoliniurrenhanced MRWith linear agentsn patients with eGFR < 30
ml/min/1.73m?.

Recommendations

Make anindividual riskd SY STA G Iyl teaira gA0K GKS LI {
nephrologist to ensure a strict indication for gadolinkemhanced MRWith linear GBCAn
patients with eGFR < 30 ml/min/1.73m

Take optimal CM dosing based on patiemtight into account in local dosing protocols for
diagnostic MRI examinations.

Do not use prophylactic measures to avoid the development eARKnhighrisk patients
(eGFR<30ml/min/1.73f receiving GBCA intravenously at the appropriate dose.

Donot substitute ICM with GBCA in order to avoidAQ in computed tomography and/or
digital subtraction angiography.
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Module 7 Riskractors and Prevention of NSF

Clinical question
7a  Which patients are atisk for Nephrogenic Systemic Fibrosis (NSF)?
7b  Which measures are necessary to prevent Nephrogenic systemic fibrosis?

Introduction

Nephrogenic systemic fibrosis (NSF) is a very rare, idiopathic, progressive, systemic fibrosis
disease that has been associated with renal insufficiency and could result in significant
disability due toscleromyxedemdike cutaneous manifestations and mality. Sincethere is
currently no consistently effective treatment, NSF prevention woulédsential ideally by
confirming risk factors for the disease.

Risk factors for NSF

Little is known about the pathophysiology of NSF and it has been postulated that the
deposition of free gadolinium causes fibrous connective tissue formation (Ting, 2003). It has
been described to occur after exposure to linear gadolinium based contrastafGBCA) in
particular. Literature published prior to 2007 has not only suggested that free gadolinium,
particularly gadodiamide, is a trigger of NSF, but has reported a strong causal relationship
between gadolinium exposure and the development of NIBlBIifhsen, 2016). However, this
association may be affected by other factors or cofactors, such as dosage or BBEaf
dialysis modality, renal disease severity, liver transplantation, chronic inflammation, or
accelerated atherosclerosis.

Prevention oNSF

Several measures to prevent the development of NSF can be taken. As such, the use of high
risk and high dose GBCAs should be avoided. An alternative to scanning with GBCA is to scan
with the use of iodinated contrast media, however this carries thle of postcontrast acute

kidney injury (se&lodule 6. Since the connection between NSF and GBCA has become
known, changes in CM administration protocols with lower GBCA concentration and use of
macrocyclic GBCAs has led to a decrease in NSF incidepogsRee showing virtually no

new NSF cases since 2008 in both patients with normal renal function and patients with

renal impairment, in spite of continued use of GBCA, albeit at lower doses and by using
preferentially the macrocyclic preparations.

Research question 7a: Risk factors for NSF

Search and selection criteria

To answer the clinical question a systematic literature analysis was performed:

Search question: What factors are related to an increased risk on Nephrogenic systemic
fibrosis?

P (Pdient): patients with reduced kidney function or other potential risk factors
that are scheduled to receive intravascular contrast media;

| (Intervention): patients with potential risk factors for NSF: Patiealated, preexisting
chronic kidney disease, Renal insufficiency, chronic CKD, Age 70 years
and older, Liver transplantation, Liver failure, Kidney transplantation,
Chronic inflammation, Atherosclerosis, Peripheral arterial disease,
Dialysis, Renal replacement therapy, DiaseMellitus, type 1 or type 2,
Congestive heart failure NYHA gradéVlIDehydration, Multimorbidity,
Concurrent use of nephrotoxic medications: NSAIDs;Xdokibitors,
ACEinhibitor, ARBblocker, other Dialysis modality (Peritoneal or
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haemodialysis)Recent dialysis shunt / PD catheter, Acidosis, EPO use,
Dose of contrast and type of contrast (GBCA);

C(Comparison):  patients without potential risk factors for NSF;
O (Outcomes): frequency of NSF, systemic fibrosis, sclerodeuiaysisassociated
systemic fibrosis.

Relevant outcome measures
The working group considered nephrogenic systemic fibrosis as a critical outcome measure
for the decision making process.

Methods

The databases Medline (OVID) and Embase were searched&mmary 2000 till February

23th 2018 using relevant search terms for systematic reviews (SRs), randomized controlled
trials (RCTs) and observational studies (OBS).

The literature search procured 228 hits: 22 SR, 20 RCTs and 186 OBS. Based on title and
abstract a total of 20 studies were selected. After examination of full text 19 studies were
excluded and 1 study involving linear GBCAs was included in the literature summary. No
studies were identified involving macrocyclic GB@vich are currently the nly agents
available in the European market.

Summary of the literature

Studies that assessed risk factors related to administration of type and dose of gadelinium
based contrast agents (GBCA) have been described in the muejiheotoxicity of
gadoliniumbased contrast ageniJhere was 1 additional study included investigating other
potential factors associated to NSF. Kallen (2008) performed a matchedaatsel study

(19 cases and 57 controls), however this study was restricted to lind2A&Bnly.

Participants were dialysis patients with and without a diagnosis of NSF treated at an
academic medicalentre.

Results

Outcome comorbidities

In a multivariate analysis Kallen (2008) foundagsociation between NSF and selected
exposuresliistory of hypothyroidism (OR5% CI: 4.18 0.86 26.57); history of deep
venous thrombosis (OR, 95% CI: 3.37 {L8@®5), and dependeriedema(OR, 95% CI: 3.15
0.67 to 14.77).

Quality of evidence

Thequality of certainty of evidencewasdowngraded from high to very low: downgraded by
two levels due to imprecision (small number of patients), and indirectness (NB. only linear
GBCAs were administered to the patients in the study which are no longer available on the
European Market).

Researl question 7b: Prevention of NSF

Search and selection criteria

To answer the clinical question a systematic literature analysis was performed for the search
guestion: What is the effect of the different measures to prevent nephrogenic systemic
fibrosis inpatients who have an increased risk of developing nephrogenic systemic fibrosis
and who receive contrast with gadolinium?
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P (Patient): patients exposed to gadoliniuinased contrast agents who have an
increased risk of developing nephrogenic systemic fibrosis (NSF);

| (Intervention): measures for prevention of NSF;

C(Comparison): no measures or other measures for prevention of NSF;

O (Outcomes): nephrogenic systemic fibrosis (NSF), mortality.

Relevant outcome measures
The working group considerédephrogenic systemic fibrosis (NSF) and mortalityriisal
outcome measures for the decision making process.

Methods

The databases Medline (OVID) and Embase were searched from January 199@HhilRRthr
2018 using relevant search terms for systematic reviews (SRs), randomized controlled trials
(RCTs) and observational studies (OBS).

The literature search procuretd2hits. 7 SR10RCTs43 OBS, and 82 othaypes of studies
Based on titleand abstract a total of 29 studies were selected. After examination of full text
all studies were excluded and no studies have definitely been included in the literature
summary.

Summary of the literature
Not applicable. There were no studies investigatihe research question and meeting the

selection criteria

Literature conclusions

There seems to be no association betweermuarbidities (history of

hypothyroidism or deep venous thrombosis, and dependent oedema)

Very low | risk of nephrogenic systemic fibrosis in patients on dialysis receiving li
GRADE |GBCAs.

Source:Kallen, 2008)

Considerations

Prevalence and risk of NSF and type of GBCA

The majority of histology proven NSF casasbeen describedbetween 1997 and 2007,

which largely consisted of cases with a temporal relation with high dose lgaeklinium

based contrast agetGBCA) administratior{&ttari, 2019) Several metanalysis have

shown a positive correlation between GBCA and NSFppretantly based on studies using
linear GBCA (Agarwal, 2009; Zhang, 2015). The risk of NSF relate to the administered dose
and physiochemical characteristics of GBCAs, including pharmacodynamic stability, kinetic
stability, and the amount of excess ligafithawaja, 2015).

In a riskfactor analysis of 370 biopgyroven published NSF cases following use of linear
GBCA it was concluded thaductions in risk may be attained with: 1) avoiding high doses
of GBCA (> 0.1 mmol/kg); 2) avoiding nonionic linearAGB@atients undergoing dialysis
and patients with eGFR < 30 ml/min/1.73raspecially in the setting of piaflammatory
conditions; 3) dialyzing quickly after GBCA administration for patients already on dialysis;
and 4) avoiding GBCA in acute renalfail(Zou, 2011).

By combining pharmacovigilance (Food and Drug Administration Adverse Event Reporting
System (FAERS)) and legal databases, a total of 382 {piap®n, producispecific cases of
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NSF were analysed. Of these, 279 cases were unconfoundeallameblved a linear GBCA,
nonionic more than ionic, and most frequently gadodiamide. No unconfounded cases were
found for gadoteridol or gadobenate (Edwards, 2014).

A very recent study based on a legal database containing bjmasyn, unconfounded SIF

cases has estimated that a total of 197 and 8 cases have been reported for the linear GBCAs
gadodiamide and gadoversetamide, respectively. Estimated incidences of NSF based on the
FAERS analysis are 13.1/million and 5.0/million administrations foini& Inorionic

GBCAs gadodiamide and gadoversetamide worldwide (Semelka, 2019).

Considering the hypothesized pathophysiology of NSF involving free circulating gadolinium
ions, macrocyclic GBCAs are considered to have a higher thermodynamic and tabéiig s
and thus less associated with the risk of NSF (Sherry, 2009).

The prevalence of NSF after use of macrocyclic GBCA is very low. No cases of NSF have been
found in large studies using gadobenate (Bruce, 2016), gadobutrol (Michaely, 2017), and
gaddaderidol or gadobenate (Soulez, 2015). Using the Girardi criteria for diagnosis, the
worldwide total number of unconfounded cases for gadobutrol is 3 (Elmholdt, 2010;

Endrikat, 2018), while there were no cases for gadoteridol (Reilly, 2008; Edwards,d2014),
gadoterate (Soyer, 2017).

In addition, there have been no unconfounded cases reported for the hepatobiliary linear
GBCA gadobenate (Edwards, 2014) and gadoxetate (Endrikat, 2018). Patients with chronic
liver diseaseshat are awaiting oundergoing liver transplantation are no longer consider to
be an independent risk factor for NSF (Smorodinsky, 2015).

On March 172016, the European Medicines Agency (EMA) initiated a review of the risk of
gadolinium deposition in brain tissue followittte repeated use of GBCASs in patients

undergoing contrasenhanced MRI scans. Following as@pth review, the EMA issued its

final recommendations on July 21, 2017, endorsed by the European Commission on
November 23, 2017, and now applicable in all EUnlider States limiting the use of GBCAs

to macrocyclic GBCAs and restricting the use of linear GBCAs to selected indications, such as
hepatobiliary MRI or MR arthrography (EMA, 2017; Dekkers, 2018). SeerTidble

overview of GBCAs and recommendationghef EMA.

Table7.1Overview of available GBCAs and the EMA recommendation (Dekkers, 2018)

Name Ligand Structure lonicity EMA recommendation

Gadopentetate DTPA Linear lonic Suspendmaintain for
intra-articular injections
only)

Gadobenate BOPTA Linear lonic Restrictto liver scans

Gadoxetate EOBDTPA Linear lonic Maintain (for liver scans)

Gadodiamide DTPABMA Linear Nortionic Suspend

Gadoversetamide | DTPABMEA Linear Nortionic Suspend

Gadoterate DOTA Macrocyclic lonic Maintain

Gadoteridol HRDO3A Macrocyclic Nortionic Maintain

Gadobutrol BT-DO3A Macrocycdic Nor+ionic Maintain
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Considering these new regulations, previous perceived risks for NSF based on linear GBCAs
should be differentiated from the risks that applyrwacrocyclic GBCAs. From the data
currently available, for the GBCA currently allowable in Europe the risk of NSF is extremely
low, even in patients with eGFR < 30 ml/min/1.73md patients on dialysis.

Haemodialysiso prevent NSF

Several studies have been performed to investigate the dialysability of GBCAs. These studies
haveshown that a singlehaemodialysisessiorcanremove around5-97% ofcirculating
GBCAwhereby success depends on dialysis technique (high flux, large mondranes

(Ueda 1999))Approximately 98% is eliminated after three consecutive dialysis sessions
(Joffe1998; Tombach 2002; Gheuens 2D Bhased on these datearlyhaemodialysisvould

be an effective treatment for preventing NSffowever{i KA & K h grogedfor 6 S S
example a retrospective chart review described teaemodialysipatients who developed

NSF after administration of GBCA. In none of these patients, imnmddiataodialysisfter

injection with GBCA could prevent N&foome2007).

Based o the dialysability of GBCAs and the fact that NSF is a potential lethal condition,
many guidelines recommend scheduling GBCA administration shortly before the next
haemodialysis session (ACR Manual 10.3; ESUR Guideline v10).

Peritoneal dialysis does neffectivelyremove gadoliniunfRodby 2018 However,

instituting haemodialysisn aperitoneal dialysigatient without a functioning vascular

access goes with a significant risk, as it is an invasive treatment that requires placement of a
temporaryhaemodialysigatheter. The same accounts for predialysis patients (eGFR<15
ml/min/1.73n7).

Recommendations

Use lowrisk (ionic and nofionic)macrocyclicGBCAs for medical imaging in all patients.
Linear GBCAs have been associated with NSF, therebm&derlinear agents only if a
macrocyclic agents cannot answer the diagnostic question

Make an individual rise SY SFAG Fylfeara gAGK (GKS LI
nephrologist to ensure a strict indication for gadolinkemhanced MRI usingear agents
in patients with eGFR < 30 ml/min/1.73m

For prevention of NSk patientswho arealready dependent ohaemodialysi®r peritoneal
dialysis the administration ofnacrocyclicGBCA does not have to be followeday
immediatehaemodialysisession.

To limit the amount of circulating GBCA, in hemodialysis patients the adratiostiof
linear GBCA should be followed immediately by a (Hlgk) haemodialysis session, which
repeated on the following two days.

In predialysis patients (eGFR<h8min/1.73m?) and peritoneal dialysis patients, the risk
NSF due tdinear GBCA should be weighed against the risk of placement of a temporar
haemodialysis catheter.
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Module 8 Gadolinium Deposition in the Body and THyperintensity
in the Brain

Clinical question
What is the clinical relevance of gadolinidrased contrast agent (GBCA) induced T1w
hyperintensity of the nucleus dentatus and the globus pallidus in the brain?

Introduction

In 2014, Kanda observgnogressive unenhanced-Weighted(T:w) signal intensity (SI)
increases in the dentate nucleus and globus pallidus in patients who received at least 6
doses of Gadolinium (Gd) chelafganda, 2014)This publication triggered a huge amount

of research on thisubject, whichs still going on today. Weekly, new publications arise,

which make it impossible to give an up to date overview in this guideline. The broad outlines
of gadolinium deposition Wibe discussed.

Search and selein criteria

To answer our clinical question a systematic literature analysis was performed. This was an
orientatationalsearch, to examine the clinical relevance of the T1w hyperintensity of the
nucleus dentatus and thglobus pallidus.

P (Patient): patients who have repeatedly received gadolininased contrast
agents and have signs of gadolinium retention suchyas T
hyperintensity of the nucleus dentat@nd the globus pallidus, but also
gadolinium retention in the bones, liver and skin;

| (Intervention): not applicable;

C(Comparison):  not applicable;

O (Outcomes): signal intensity, signal increase, hyperintensity, hypersigbehtral
torso and peripheral arm and leg pabistal arm and leg skin
thickening. Rubbery subcutaneous tissues. Clouded mentation or brain
fog.

Relevance of outcome measures

Signal intensity, signal increase, hyperintensity, hypersignal were consiciétiedl
outcomes anctentral torsqg peripheral arm and leg paimlistal arm and leg skin thickening
and ubbery subcutaneous tissuesd douded mentation or brain fowere considered
important outcomemeasures.

Methods

The databases Medlin®VID), Embase and the Cochrane Library were searched from 1
January 1996 to lof November 2018 using relevant search terms for systematic reviews
(SRs), randomized controlled trials (RCTs) and observational studies (OBS).

The literature searchnpduced 722 hitsA total of99 abstracts were selected. When the full
texts were examined, none of them fulfilled the sgtlien criteria.Based on this, it was
concluded that no conclusions on the clinical aspect could be drawn. Based on the literature,
the narrative review shown below was written by the guideline committee.

Summary literature
Not Applicable
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Results
Not Applicable.

Literature conclusions
Not applicable.

Considerations
The following is a short overview of the current state of gadolinium retention in the brain
and body. See also the Introduction to Safe Use of Gadoliiased Contrast Agents.

Increased Sl due to Gd deposition

Two autopsy studies, both published in 2015, showed that the increased $Wweghted
sequences (W) in the dentate nucleus and globpalliduswas indeed due to the presence
of retained GdKanda, 2015; McDonald, 2019 he majority of the Gd was localized in the
perivascular spaces (4), whereas a much smaller fraction crossed thetbimiadarrier and
was situated in the neural interstitium and cellular organelldagerhut, 2018; McDonald
2015; McDonald, 2017_1;d&bonald 2017_2.

Difference between linear and macrocyclic chelates

Subsequent studies confirmed progressive T1 Sl increases after intravenous administration
of linear GBCAEfrante, 2014Kanda, 2015 IRadlvuch, 2015Ramalho, 2015Quattrocchi,
2015 Quattrocchi, 2015 Y1 The majority of the publications do not show dasspendent
changes in T1w Sl after macrocyclic GBCA expdSare 2016Kanda, 2015 IKromrey
2017;Radbruch, 201 Ramalho, 2015Quattrocchi, 2015 _ATibussek, 2017thers report
a weak T1w Sl increase after administration of macrocyclic G@Adrud, 2017Kang,
2018;Rossi, 201 7Spelndiani, 20185tojanov, 201§; A study of human brain tissue
demonstrated measurable Gd after single doseavenous administration of both linear
and macrocyclic chelateM(rata, 2016. Significant less Gd retention was observed after
macrocyclic chelate exposure, compared to linear chelate expodueaa, 2016.

These results led to a European Medicidgency (EMA) directory regarding GBCA, stating

to suspend the use of linear GBCA in order to prevent any risks that could potentially be

associated with Gd brain depositicd 6! Qa FAY It 2LIAYA2Y O2y FANXA& NB
linear gadolinium agents indioly scans, 20)90nly the liver specific linear GBCA gadiatee
andgadobenateare allowed to be used in these situations where they meet a specific
diagnosticneedq a! Qa FAY It 2LIAYA2Y O2y BBOANBdYyNSE & G NR Ol A 2
scans2017).

Gddeposition in other tissues than brain.

Besides the brain and skin in patients with NSF, Gd retention has been reported in many
other tissues including the bone, muscles, tendons, nerves, blood vessels and visceral organs
(Gibby, 2004Murata, 2016;Sany4 2011)

Pathophysiology of Gd deposition

Stability of Gd chelates is determined by their thermodynamic and kinetic stability.
Thermodynamic stability of a chemical system means that this system is neither consuming
nor releasing heat, i.e. thermal engrgn the absence of a change in thermal energy, the
system is not undergoing a chemical reaction. Kinetic stability refers to the fact that a
chemical reaction can occur at a certain speed. If a chemical system is kinetically stable, it
means that reactins within this system occur vesjowly. In general, macrocyclic GBCA

have higher thermodynamic and kinetic stability constants and are therefore more stable
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than linear Gd chelates and therefore release less amount &fdsi of the chelate

(McDonald, 2@8). Very little is known about the fate of free Gaithin the human body

and how biologically active and potentially toxic chemical forms of retained Gd in tigsaies
formed (McDonald, 208). After intravenous injection in patients with normal kidney

function, 73% to 99% of the dose is excreted within 24 hours after injedimdistribution

data of GBCA suggest the presence of a longer lasting phase of residual excretion from other
tissues, from which Gd is slowly eliminatéicOonald, 208). The potential toxicities of this

small pool of retained Gd are largely unknowfcPonald, 20B).

Clinical importance of Gd deposition

After hundred millions of Gd chelate administered doses, 139 patients with normal or

minimally impaired kidney function reported effects that they associate with Gd exposure.

The symptoms include chrompain, fatigue, dermal changes, musculoskeletal disturbances,
cognitiveimpairment,and visual impairmentBurke, 201% An association between these
deYLXizYa FyR DR OKSfIGS SELR&IINBE KIFa 0SSy Lkai
RSLI2aAldA2y R prapddediSeraelkd P0A6 TheF&od and Drug Administration

(FDA) could not find a causal relationship between Gd deposition and symptoms. If Gd

deposition is associated with clinical harm, the harm is likely to be rare or occult for the vast

majority of eyposed patientsNicDonald, 2018

Future directions

Today, many question marks exist when it comes to the explanation of how Gd deposition
occurs and what the clinical consequences, if any, are. In 2018, a research roadmap on Gd
deposition was proposed, with the highest priorities to determine a) if Gd siéipa
adverselyaffectsthe function of human tissues, b) if deposition is causally associated with
short- or longterm clinical manifestations of disease and c) if vulnerable populations are at
greater risk for developing clinical diseasécDonald, 208).

Recommendations

Ensure a strict indication for gadolinivenhanced MRI and use EM#fsproved GBCA in all
patientsto minimize possible gadolinium deposition
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Module 9 Safe use of Central Venoatheters Haemodialysis
Catheters, Peripherally Inserted Central Catheters, and Totally
Implantable Venous Access Devices for contrast administration using
power injectors

Research question

How can central venousatheters(CVC)haemodialysisatheters (HC), peripherally inserted
central catheters (PICC), and totally implantable venous access devices (TIVAD) be safely
used for the administration of intravenous contrast agents, particularly using power
injectors and higher injection rates fobtaining highquality images?

Introduction

Power injection of contrast through CVCs, HCs, PICCs, and TIVADs holds a risk for device
failure and secondary contrast extravasation. The exact metlmvdto "power-inject” with
respect to applied pressure linaiions remains part of local practice guidelines combined
with the central catheter line manufacturer's instructions.

Search and select criteria

A systematic literature analysis was performed to answer the research quedtow can

central venougatheters (CVC)haemodialysigatheters (HC), peripherally inserted central
catheters (PICC), and totally implantable venous access devices (TIVAD) be safely used for
the administration of intravenous contrast agents, particularly using power injectors and
higher injection rates for obtaining higduality images?

P (Patient): patients with central venous catheters (CVCs) or Peripheral inserted
central catheters (PICCs) and an indication for administration of iedine
based contrast for performing computed tomography examinations;

I (Intervention):  non-tunneled central venous catheters (CVCs), tunneled CVCs,
implantable ports, peripherally inserlecentral catheters (PICC)

C(Comparison): normalVenflon normal peripheral infusion;

O (Outcomes): failure contrast media examination, contrast extravasation, failure of
examination, damaged CVCs or PICCs, complication rates, device failure,
anddevice dwell times.

Relevance of outcome measures

The working group considered the outcomes failure of contrast media examination,
complication rates (damaged CVCs or PICCs, contrast media extravasation) critical measures
and outcome for the decision making process. The working group did not definescfaer
outcomes a priori, but used the outcomes as defined in the studies.

Methods

The databases Medline (OVID), Embase and the Cochrane Library were searchetidiom 1
January 1996 to March 2018 using relevant search terms for systematic reviews (SRs),
randomized controlled trials (RCTs) and observational studies (OBS). A systematic literature
search was conducted May 16" 2018.

The literature search produced 9ifts: 2 SR, 13 RCTs and 13 OBS and 68 mixed designs.
Based on title and abstract a total of 18 studies were selected. After examination of full text
0 articles were selectedince there are no direct comparisons on the safety or efficacy of
contrast injections via central venous catheters or peripheral inserted central catheters
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(PICCs) versus normal infusion, literature has been described in a descriptive nidmen8R
of Buijs, 2017 was selected and covers the literature on efficacy and safety cdstontr
injection via central venous catheters for contrast enhanced computed tomography until
September 1% 2016. This study was used as key article for the literature review. Studies
published after September Y2016, on efficacy and safety of contrageiction via central
venous catheters or peripheral inserted central catheters were added.

Summary literature

Buijs(2017) described a systematic literature review on the efficacy of contrast injection via

central venous catheters for contrast enhanced computed tomography. A search query was

odzAt G oe& fAYylAy3a (G662 02y iSyid I NBthrelevatOSY i NI £ O
synonyms for both areas. Publications were selected, describing original research on the use

of CVCs for contrast administration for-6€ans focusing on safety, efficacy, and

complications. Exclusion criteria included: no-takt availabé, publication not written in

English or Dutch, review articles, case reports, and studies focusing on the use of CVCs in

paediatrics Two independent assessors screened titles and abstracts faeftielection.

Studies were classified as having loskof bias if they satisfied all criteria and high risk of

bias if they satisfied less than three criteria. The remaining studies were classified as having

a moderate risk of biasSgerisk of bias assessment). Frequencies of complications were

extractedfrom the selected studies were tabulated and presented as percentages. Data on

quality of images was extracted where applicable. Twathtge articles were considered

eligible for answering the research question after selection based on title and abstract.

Seventeen articles were excluded during full text screening. Daroggreferencing one

study was included missed by the initial search (Carlson, 1992; Goltz, 2011). Eventually, eight

studies were included for critical appraisal (Coyle, 2004; GoltZ,;28erts, 2001; Lozano,

2012; Macht, 2012; Morden, 2014; Sanelli, 2004). Carlson (1992) evaluated the system

pressure in thirteen patients wita Port-A-Cath. The pressure measurement was not
a0FyRIFENRAT SRY TFTAGS LI GA Sy hvitRa pregsars galge thaf LINS & & dzN.
wasplacedif AyS RdzZNAYy3d Aya2SOiGA2y FyYyR SAIKG LI GASYGA:
of standardization and limited relevance led to the exclusion of this study. Finally, seven

studies were included for further analy¢iSoyle, 2004; Goltz, 2011; Herts, 2001; Lozano,

2012; Macht, 2012; Morden, 2014; Sanelli, 2004). Tadlpresents study characteristics

and main outcome measures on safety and image quality. Individual outcome measures

among studies on safegnd efficazyare described separately.
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Table9.1 Study characteristics and main findings for complications and image quality

Study N Study Type catheter Injection rate and peak pressure Safety Image quality
(year)
Central Venous Catheters

Herts, 174 versus 51 | RCT 117 porttype, 41| CVC: 1.&2 mL/s, pressure ctaff 100 psi| 1 (0.6%) CVC no longer pater] Less contrast enhancement in
2001 peripheral 3L, Peripheral: 2.63 mL/s, pressure ctdff | positive blood culture thoracicaorta, pulmonary artery,

10 DL, 6 unknown | 300 psi liver in CVC group
Macht, 104 Retrospective| Distal 16G lumen 3L: 4.4 = 0.5 mL/s; 200.7 £ 17.5 psi5L:| No complications -
2012 of + 0.6 mL/s; 194.5 £ 6.5 psi

Arrow multHlumen

(3L, 5L)
Sanelli, 104 Prospective | Arrowmulti-lumen | 3 mL/s (n =15); 4 mL/s (n =8); 4 mL/s (| 13/60 (21,7%) blood -culture] -
2004 CVC (n=89) 79); 5 mL/s (n = 2) Pressure limit 300 g positive during ICU course

Percutaneous 5/43 pressurdimited (306;316 psi)

sheaths 13V (n =15

Peripherally Inserted Catheters

Coyle, 110 Prospective | 12 SL 5F PICC { 1¢2 mL/s (n = 8), 2 mL/s (n =89)%32| 2 (1.8%) ruptured 1 81 average; 23 above averade
2004 DL mL/s (n =9), 4 mL/s (n = 4) SLABpsi, | balloon (DL, 4 mL/s) below average

5F PICC DL: 4@135 psi.
Lozano, 78 Prospective | Power injectable] Mean injection rate 4.13 + 0.855 mL| 12/78 (15.4%) -
2012 PICC (range &5); pressure limit 300 psi dislocation

(4¢6F, SL/DL)
Morden, 243 high rate| Retrospective| CFPICC (@6F, SL/ | Injection rates 25 mL/s Pressure limij 20/243 (8.2%) -
2014 versus 138 rate DL/3L) 300 psi displacedversus 3/138

increase (2.2%)
Totally Implantable Venous Access Devices
Goltz, 141 versus 50 | Retrospective| 141 TIVARorearm | TIVAP: Max 1.5 mL/s; mean pressy 1 (0.7%) dislocation with 31/44 (70.4%) trigger threshold not
2011 peripheral 121.9+24.1 psi Peripheral: 3 mLj rupture3 (2.1%) suspecte( reached Significant higher aortic
catheter pressure limit 300 psi systemic infection <4 weeks contrast via peripheral catheter

Legend: CVC =central venous catheter, SL= single lumen, F= French, PICC= peripherally inserted central catheter, Dumdpubk/AP= totally implantable venous access port, 3L=

triple-lumen, G= gauge, 5L= quintuplemen, 1JV= inferior jugular veinClU= intensive care unit.
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Results

1. Complications following contrast injection via central catheters

Central Venous Catheters (CVC)

Herts (2001) randomized 225 patients, after reassignment because of inability to obtain
access, in a central venous access group (n= 174) and a peripheral venous access group (n=
51). No significant differences in early, delayed, and late complicatiors feend. In the

central venous access group, one (1/174; 0.6%) patient reported that her device was no
longer patent, while being successfully used for chemotherapy after contrast injection. In
one (1/174; 0.6%) patient an infection was reported. Machtil@0and Sanelli (2004)
implemented a strict safety protocol, in which they verified the correct position of the CVC in
the superior vena cava (SVC) on scout view before contrast injection, checked for adequate
blood return, and checked the patency of thetleeter afterwards. They did not report
complications relating to the injection using the CVC.

Peripherally inserted catheters (PICC)

Coyle (2004) found two (2/110; 1.8%) externally ruptured PICCs while injected at a rate of 2
mL/sec. Ruptures were caub®y mechanic obstructions; i.e. one of the ruptured PICCs was
clamped, the other kinked at the venous entry site. Another PICC ballooned without
rupturing and further injected was stopped.

Lozano (2012) evaluated the frequency of displacement of pomwectable PICC {PICC)

after contrast injection. Correct catheter position was defined as cephalic to or caudal to the
right tracheobronchial angle. A total of 12/78 (15.4%PRIC tips changed in position after
injection of contrast medium. Seven diapkd toward the brachiocephalic veins. They found

that PHPICCs positioned in the proximal SVC (cephalic to tracheobronchial angle) before
contrast administration had a higher risk of displacement compared to catheters positioned

in the distal SVC (caudal tracheobronchial angle) before contrast administration (5/8

(62.5%) versus 7/69 (10.1%)). Distal location in the SVC decreased this risk by 89% (RR=0.11;
95%Cl1£0,026; 0,48, p= 0.006).

Morden (2014) evaluated a rate increase technique ofgakne flush after contrast

injection via powedinjectable PICCs (PICC), in which they started with a saline flush at 2
mL/s and progressively increased to the rate of contrast injection. With this technique, they
found a lower percentage of fAICC tiglisplacement (20/243 (8.2%) without rate increase
technique versus. 3/138 (2.2%) with rate increase technique).

Totally Implantable Venous Access Devices (TIVAD)

Goltz (2011) evaluated power injections in 141 patients with totally implantable venous
access ports (TIVADS) in their forearm. One (1/141; 0.7%) TIVAD catheter tip was dislocated
into the brachiocephalic vein and revealed a catheter rupture during an interventional
retrieval attempt. Three (3/141; 2.1%atheter tips were suspected of a systennifection

within four weeks.

2. Contrast enhancement and image quality

Central Venous Catheters (CVC)

In Herts (2001), two reviewers who were blinded for route of injection measured the
enhancement of the large vessels. The levardiancement of the thoracic aorta,

pulmonary artery, and liver vasculature was significantly less dense in the central venous
access group compared to the peripheral venous access group. No significant difference was
seen in the enhancement of the abdomirzorta.
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Totally Implantable Venous Access Devices (TIVAD)

In Coyle (2004) CT images were assessed subjectively by the radiologist supervising the CT
examination, which resulted in categorizing the quality of CT images as average in 81/110
(74%) of caseand above average in 23/110 (21%) of cases.

Goltz (2011) found a significantly lower arterial contrast density in patients with TIVADs
compared with classic peripheral cannula, resulting in limited image quality. In 31/44
(70.4%) examinations, manualtialization was necessary, while initial arterial bolus
tracking was performed, because the trigger threshold had not been reached in time. This
might be the result of the lower flow rate of 1.5 mL/s through TIVADs. Triggering with
automatic scan initiatio resulted in significantly higher contrast in the aorta compared to
manual scan initiation (163 HU versus 144 HU, p =0.039).

Quality of evidence

Thequality of certainty of evidenceras graded as very low due to high risk of bias (see
Table Risk dBias assessment, downgraded by one point) and low number of patients
(imprecision, downgraded by two pointahd lack of studies where a control group was
present

Literature conclusions

Thefrequency of complications followingpntrast injection via CVCs, without

Very Low safety protocols, varieBom 0,6% to 15,4% across studies.

GRADE
Sources: (Coyle, 2004; Goltz, 2011; Herts, 2001; Lozano, 2012; Morden, Z

It seems that contrast injections via CVCs are aa#denative to peripheral

Very Low injection if safety protocols are followed.

GRADE
Sources: (Coyle, 2004; Goltz, 2011; Herts, 2001; Lozano, 2012; Morden, Z

There were no complications reported following contrast injection via CVC
Very Low | Whenstrict safety protocols were implemented.

GRADE _
Sources: (Macht, 2012 and Sanelli, 2004)

Safety protocols are warranted when contrast injections are performed via
central venous catheters, and should include aspirating blood béfigeeting

contrast media, localizing the CVC before and after injection, making sure
kinking of the CVC and attached lines occurs, using sterile syringes, and r
sure the CVC is patent after scanning.

Very Low
GRADE

Sources: (Macht, 2012 and Sanelli, 2004)

It is unknown whether contrast injections via CVCs result in successful col
Very Low | media examination as quality of scans varies among studies.

GRADE
Sources: (Coyle, 2004; Goltz, 2011 and Herts, 2001)
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It seems that poweinjectable PICCs positioned in the proximal SVC (cephi
to tracheobronchial angle) before contrast administration had a higher risk
displacement compared to catheters positioned in the distal SVC (caudal {
Very low. _ S
GRADE tracheobronchial angle) before contrast adhisitration.

Source: (Lozano, 2012)

Considerations

A patent intravenous access site is needed for the administration of intravenous contrast
through power injection in order to obtain high quality contrast enhanced or angiographic
images. Local hospital guidelines should be available to guide the propesade

administration technique for the applied contrast medium, but these a frequently limited to
peripheral venous injection only. Possible complications of IV contrast injection are: contrast
medium extravasation, air embolism, catheter rupture, catmaeteakeningand lossof

catheter patency.

With the use of power injectors, injection pressure is also a function of the injected CM. In
general, the use of lower concentrations of the CM, low viscosity of the CM, and high
temperature of CM are beneficitd keep injection pressures as low as possible (Macha,
2009; Kok, 2014).

Thereare only a limited number of studies that compare the safety and efficacy of different
venous access sites. No difference is reported in patency between CVCs or periphaual veno
access catheters, however there seems to be a difference in the level of the contrast
enhancement of largeessels, whichffects the image quality ifavourof a peripheral

venous access. A short peripheral IV catheter in the antecubital or foredneréfore the
preferredroute for contrast administration. However other routes may be needed and each
is considered separately below.

Central Venous Catheters (CVC)

In the comparative studies, there is no difference in reported complications in terms of
patency related to the contrast medium power injection compared to peripheral venous
access sites. However, image quality is limited compared to peripheral venous access sites.

Herts (Herts, 1996) also performed an in vitro study with 10F Hickman and Leonard CVCs,
and found that CM, flow rate and catheter type were main determinants of peak injection
pressures. The peak injection pressures remained well within manufacturer dh#i& psi

(175 kPa).

In an in vitro study with a-Bimen 16G (4.9F) Arrow CVC, a significant safety margin was
shown for CVCs, with bursting pressures depending on catheter dwell time, 262 PSI for new
and 213 PSI for used catheters. Lowest flow rateaased with bursting was 9 ml/s.

Ruptures occurred alwaysitsidethe patient (Macha, 2009). Similar high bursting pressures
were seen in other studies. A study usirufen 16G CVCs showed pressure to be above
175 PShvhereashigh flow injections 4,5a 7,0 ml/s were associated with injection

pressures of 48 to 81 PSI (Beckingham, 2017). An older study found no catheter failures at
flow rates of 5 to 25ml/s with an even higher bursting pressure of 920 psi (Zamos, 2007)

To help prevent the rupture ofascular access devices when they are used with power
injectors, the FDA long ago has already issued recommendations (FDA, 2004).
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Users of central vascular access devices should:

1 Check thdabellingof each vascular access device for its maximum pressure and flow

rate. If none is provided, assume device is NOT intended for power injection and do

not use.

Know the pressure limit setting for your power injector and how to adjust it.

3 Ensure that the presure limit set for the power injector does not exceed the
maximumlabelledpressure for the vascular access device(s).

N

Haemodialysi€atheters (HC)

There are no patient controlled studies available that compare the usability and safety of
dialysis catheters for IV contrast administration through power injection versus peripheral IV
catheters or central venous catheters.

However,haemodialysisatheters have larger diameters than other venous catheters. An in
vitro study on cuffed and neouffed catheters fohaemodialysishowed that pressure

inside the catheters (14,0 * 3,3 PSI) was 23x lower than the pressures indicated by the
power injectors (338 8,7 PSI). It is believed that the high pressures in the injector are

mainly caused by the long, smedllibreconnection tubing that connects the injector to the

HC (Hollander, 2012). Therefore, their use for power injection should be safe when adhering
to the recommendations of the manufacturer.

Adjustments to the scan protocol may be needed to preserve optimal image quality.
Especially in chronic dialysis patients with poor vascular conditions vein preservation has a
high priority.

Peripherally inserté catheters (PICC)

Spontaneous migration of PICCs is a known complication in 1.5 to 3% with multifactorial
aetiology(Seckold 2015). Multiple other case series have confirmed that the catheter tip of
power-injectable PICCs can migrate due to the power injection during CT (Lambeth, 2012;
Craigie, 2018).

Tubing ruptures during power injection are reported when there is a mechanbstruction
such as a clamped port or kinkingtbé line. Silicone catheters are have higher failure rates
than polyurethane catheters and are unsuitable for power injection (Salis, 2004).

Strict protocols are recommended to check its position via&@tt/scanogram radiograph
before and after power injection during CT, and to check patency of the catheter after CM
injection.

Totally Implantable Venous Access Devices (TIVAD)

Aretrospectiveanalysis of TIVADs with silicone catheters showed a 3.4%frate
complications (Busch 2012; Busch, 2017). Newer powectable TIVADs have a high
patient satisfaction rate and with no device failures during power injections (Alexander,
2012; Chang, 2013).

There are no data on catheter tip migration in TIVADdnmdecause they are tunneled
catheters inserted surgically with a deep position of the catheter tip. Theoretically, for
devices with high positions of the catheter tip, the same risks for migration as in PICCs would
exist.
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