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Startpagina - Veilig gebruik van contrastmiddelen (deel 2)

Waar gaat deze richtlijn over?

Deze richtlijn beschrijft hoe contrastmiddel voor beeldvormend onderzoek veilig toegediend kan worden aan
patiénten.

In de richtlijn wordt ingegaan op vier aspecten van het veilig toedienen van contrastmiddelen

1. Overgevoeligheidsreacties na contrasttoediening

2. Veilig gebruik van gadolinium houdende contrastmiddelen

3. Veilige injectie van contrastmiddelen via centrale catheters en ports
4. Contrastmiddel extravasatie

Voor wie is deze richtlijn bedoeld?
Deze richtlijn is bedoeld voor alle artsen, die werkzaam zijn in het ziekenhuis en die beeldvormend onderzoek, al
dan niet met een interventie, met contrastmiddel aanvragen of uitvoeren.

Voor patiénten

Deze richtlijn beschrijft de zorg voor patiénten die een beeldvormend onderzoek krijgen, waarbij contrastmiddel
wordt toegediend. De richtlijn is bedoeld voor volwassen (>18 jaar) patiénten. Het gaat om contrastmiddelen
die via een infuus worden ingespoten in de bloedvaten voor rontgenonderzoek, vaatonderzoek of
vaatbehandeling.

Wanneer contrastmiddel in de bloedvaten komt, kan een kleine groep patiénten overgevoelig reageren op het
contrastmiddel. Deze richtlijn beschrijft hoe een dergelijke reactie moet worden behandeld. Er wordt ook
beschreven wat voor voorzorgsmaatregeln pati€énten moeten krijgen, wanneer zij eerder een
overgevoeligheidsreactie na contrastmiddel hebben gehad, maar nu opnieuw onderzoek met een
contrastmiddeln moeten krijgen.

Er wordt in de richtlijn ook aandacht besteed aan voorzorgsmaatregelen voor een speciaal type contrast dat
voor MRI-scans wordt gebruikt: gadolinium houden contrast.

In de richtlijn wordt beschreven hoe contrastmiddelen veilig kunnen worden toegediend, wanneer een patiént al
een toegang tot de bloedvaten heeft, bijvoorbeeld een centrale catheter.

Tenslotte beschrijft deze richtlijn ook hoe patiénten moeten worden behandeld, wanneer er per ongeluk
contrastmiddel buiten de bloedvaten terechtkomt.

e Thuisarts informatie wordt nog ontwikkeld

Hoe is de richtlijn tot stand gekomen?

De Nederlandse Vereniging voor Radiologie heeft een nieuwe set richtlijnen op het gebied van veiligheid van
contrastmiddelen geprioriteerd als een belangrijk onderwerp van kwaliteitsbeleid. Reden hiertoe is dat er
recentelijk veel onderzoeken zijn gepubliceerd op het gebied van veiligheid van het toedienen van
contrastmiddelen. Het streven is om drie richtlijnen te publiceren over dit onderwerp, waarvan dit het tweede
deel is.

PDF aangemaakt op 21-07-2020 3/98



Federatie
Safe use of contrast media - part 2 Medisch
Specialisten

Toepassen
Voor deze richtlijn zijn er strooomschema’s ontwikkeld waarin wordt beschreven:

¢ hoe een acute overgevoeligheidsreactie na contrasttoediening moet worden behandeld

e hoe zorgverleners moeten handelen bij patiénten die eerder een overgevoeligheidsreactie na een
contrastmiddelen hebben gehad, en bij wie nu opnieuw een beeldvormend onderzoek met contrastmiddel
geindiceerd is

¢ hoe contrastmiddelen veilig kunnen worden geinjecteerd via centrale catheters en ports

Verantwoording

Laatst beoordeeld :24-06-2020
Laatst geautoriseerd : 24-06-2020

Voor de volledige verantwoording, evidence tabellen en eventuele aanverwante producten raadpleegt u de
Richtlijnendatabase.
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Management of acute hypersensitivity reactions

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

Aanbeveling
Preparation:

¢ Have the drugs (as a minimum requirement: adrenaline, salbutamol, H1-antihistamine (clemastine) IV, and
corticosteroid IV (for example prednisolone), equipment and protocol for treatment of an acute adverse
reaction readily available in every room where contrast agents are administered.

e Adhere to local protocols for accessibility of a resuscitation and emergency response team.

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

Acute management general principles:

e Check and stabilize patient according to the ABCDE method.

e Stop infusing contrast agent and replace IV line with crystalloid.

e Dyspnoea or stridor: let patient sit up.

e Hypotension: keep patient in prone position, raise legs.

o Consider measuring serum tryptase (see recommendations in chapter Laboratory Diagnosis of
Hypersensitivity Reactions to Contrast Media).

e Record acute allergic reactions in allergy registry (see chapter Organisation of Healthcare).

Note: After administration of clemastine the patient may no longer be able (or insured) to drive a car/motorcycle
or to operate machinery.

Severe reactions
Cardiac or respiratory arrest:

e Start CPR.
e Call the CPR team.

Anaphylactic reaction or stridor:

o Call rapid response team (SIT-team).

o Give oxygen 10 to 15L/min with non-rebreathing mask.

e Give 0.5mg adrenaline IM in lateral upper thigh.

¢ Give fluid bolus of crystalloid 500ml IV in 10 minutes, repeat as necessary.
¢ Consider nebulizing salbutamol 5mg or budesonide 2mg for stridor.

e Give clemastine 2mg IV.

o Consider to add corticosteroid, for example prednisolone 50mg IV.
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*Or equivalent dose of other corticosteroid.

50 mg prednisolone is equivalent to:

e 40 mg methylprednisolone.
e 8mg dexamethasone.
e 200mg hydrocortisone.

*Consider adding corticosteroids to prevent a biphasic or protracted 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:

e Salbutamol 2.5 to 5mg nebulization in oxygen by facemask 10 to 15 L/min (nebulization is easier to
administer and more effective than dose aerosol).

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

e In case of deterioration give adrenaline 0.5mg IM and consider calling rapid response team.

Isolated facial oedema without stridor:

e Give oxygen 10 to 15L/min with non-rebreathing mask.
¢ Give clemastine 2mg IV.
o If oedema is severe or near airways or if stridor develops: treat as anaphylaxis.

Isolated urticaria/diffuse erythema:

¢ Give clemastine 2mg IV.
o If accompanied by hypotension: treat as anaphylaxis.

Isolated hypotension:

o Give bolus of crystalloid 500ml IV, repeat as necessary.
o If accompanied by bradycardia, consider atropine 0.5mg IV.
e If accompanied by other symptoms: treat as anaphylaxis.

Mild reactions
General:

¢ Mild reactions may only need reassurance.
e Observe vital signs until symptoms resolve.
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e Do not remove IV access during observation.
Consider:

e Prescribing a non-sedating antihistamine, for example desloratadine 5mg PO (once daily) for mild allergic
reactions.
e Ondansetron 4mg IV for protracted vomiting.

Also see the flowchart.

Overwegingen

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, 2017; Boyd, 2017) and of the recommendations of the American College of Radiology 2018
(Manual on Contrast Media v10.3) (ACR, 2018), the European Society of Urogenital Radiology 2018 (electronic
v10) (ESUR, 2018), the International Consensus On Drug Allergy 2014 (Demoly, 2014), the World Allergy
Organisation (WAO) Anaphylaxis Guidelines 2011, update 2015 (Simons, 2015), the European Association 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
opportunities for physicians to recognize and appropriately treat such adverse reactions. Reactions vary from
very mild itching to anaphylactic shock. These reactions are often unpredictable; they can happen to people who
have not been exposed to contrast media in the past. A mild reaction may be self-limited but can also develop
quickly into a severe reaction. When a hypersensitivity reaction to a contrast medium occurs, there may be
insufficient time or opportunity to study the treatment protocols and medication doses. It is therefore important
for personnel 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 diminished frequency and lack of experience in treatment, major guidelines recommend to
restricting adrenaline injection in the hands of non-experienced users to intramuscular administration route only.

Risk factors

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

Prevention

Use a low-osmolar or iso-osmolar non-ionic iodine-based contrast medium. In patients at risk consider an
alternative test not requiring a contrast agent of similar class.
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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 Chapter: Organisation of healthcare.

Note:
Instead of adrenaline 1:1,000 ampules for IM administration each department may also opt for selecting the
(more expensive) adrenaline 1:1,000 auto-injectors, for example EpiPen (Asch 2017).

Inleiding

Acute hypersensitivity reactions often create stress and confusion and appropriate training and clear protocols
are advisable. In addition, 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 to treat a (possible 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. In addition, 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?

Samenvatting literatuur

Not applicable. There were no studies investigating the research question. The non-comparative studies are
briefly described in the table below.

Table 1 Treatment effects of acute adverse reaction
Abbreviations: CM contrast media; CPR Cardio-Pulmonary Resuscitation; IV intravenous;

Reference|Totaln |CMtype |Acute reaction(s) Treatment Outcome Remarks
(n men)
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Collins, 9 () LOCMor |Ranged from All patients received |7/9 discharged |4/9 patients
2009 Gadolinium |laryngeal oedema, |epinephrine; seven |in good had some form
hypotension, 0.1 mg condition on of
tachycardia, (recommended same day of CM |cardiovascular
dyspnoea to initial dose) and two |administration  |side effects
hypoxia 0.3mg. 1/9 Intubation  |attributed
during transport |to epinephrine
Oxygen, to emergency  |(such as “chest
diphenhydramine, |department, tightness”)
steroids admitted to ICU,
discharged 5
days later in
good condition
1/9 Full cardiac
arrest; autopsy
showed
retroperitoneal
haemorrhage as
cause of death
Wang, 11 (3) Non-ionic |Ranged from Ranged from CPR, |2/10 returned to |Allergic-type
2008 iodinated |erythema, 1 mg of epinephrine their normal reactions
contrast hypotension, IV, 1 mg of atropine |baseline occurred in
media tachycardia, IV, 50 mEq of conditions within |545/84,928
unresponsiveness, [sodium 1 hour. (0.6%) of IV
arrhythmia, bicarbonate, 1 g 6/10 injections of

cardiopulmonary
arrest, nausea,
diaphoresis, rash,
hypotension,
semi-
responsiveness,
dizziness, gagging
and difficulty
speaking,
bronchospasm,
chest pain,
generalized seizure
to facial oedema

10% calcium
chloride, 10 L of O2
by face mask,
normal saline, 50%
dextrose, 50 mg of
diphenhydramine IV,
100 mg of
diphenhydramine to
120 mg of
methylprednisolone

manifestations
resolved
completely within
24 hours,
despite their
severe
symptoms and
often extensive
treatment.
2/10 sequelae
lasting more
than 24 hours

1 unknown
outcome

nonionic
iodinated
contrast media
in adults. 221
received
treatment.
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Power, 85 (sex |Gadobutrol|{81 mild allergic-like |Half of the patient |All patients were
2016 unknown) reactions: urticaria, |with mild reaction |discharged

rash, pruritus, received treatment

limited erythema, with oral

Localized facial diphenhydramine

oedema, itchy eyes,

scratchy throat, All patients with

sneezing, coughing |moderate reactions

received treatment

3 moderate with

reactions: erythema |diphenhydramine.

over the anterior

chest with 50-minute

dyspnoea, rash and |resuscitation effort

soft palate swelling,

pruritic

rash and throat

tightness

1 severe: breathing

and swallowing
Piscaglia, |29 (sex |SonoVue |Ranged from IV corticosteroids, |All patients
2006 unknown) dyspnoea, antihistamines, 1 g |recovered

bronchospasm, of hydrocortisone,

slight lying down with

hypotension and both legs raised,

bradycardia, lying down.

clouding of

consciousness,

lumbar pain, severe

hypotension,

cutaneous rash to

paraesthesia at the

upper limbs

Zoeken en selecteren

To answer the clinical question a systematic literature analysis was performed.

P (Patient): patients with acute hypersensitivity reaction after contrast media administration;
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I (Intervention): treatment, antihistamines, corticosteroids, epinephrine, adrenalin, dopamine, norepinephrine,
noradrenalin, histamine H1 antagonists, histamine H2 antagonists, H1 antihistamines, H2 antihistamines,
adrenergic beta-2 receptor agonists, glucocorticoids, management/treatment of hypersensitivity
reactions/allergic reactions after contrast 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 IC-unit, length of stay.

Relevant outcome measures

The working group considered morbidity, mortality, and hospitalization in an IC-unit, critical outcome measures
for the decision-making process, and duration of acute reaction, length of stay and costs important outcomes
for the decision-making process.

Methods
The databases Medline (OVID) and Embase were searched from 15 of January 1985 to 28t of December 2017

using relevant search terms for systematic reviews (SRs), randomized controlled trials (RCTs) and observational
studies (OBS).

Search terms are shown under the Tab “Literature Search”. The literature search procured 328 hits: 20 SR, 64
RCTs and 224 OBS. Based on title and abstract a total of 47 studies were selected. 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 not
fulfil the search criteria, 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.

Verantwoording

Laatst beoordeeld :24-06-2020
Laatst geautoriseerd : 24-06-2020

Voor de volledige verantwoording, evidence tabellen en eventuele aanverwante producten raadpleegt u de
Richtlijnendatabase.
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Treatment of late reactions to contrast media
Uitgangsvraag
What is the optimal treatment for late hypersensitivity reactions to contrast media?

Aanbeveling

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

Patients should contact their general practitioner if they have a late hypersensitivity reaction after CM
administration.

Consider informing the radiology department about the occurrence and symptoms of a late hypersensitivity
reaction after CM administration.

When the symptoms of a late hypersensitivity reaction are mild, a wait-and-see approach can be justified.
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.

Overwegingen

There are no solid data on different management strategies of late hypersensitivity reactions to CM, especially
no studies with a control group.

In many patients there are nonspecific symptoms, such as headache, nausea, dizziness, gastro-intestinal upset,
mild fever and arm pain (Bellin, 2011; Christiansen, 2000; Egbert, 2014). Skin rashes with erythema and swelling
and headache are the most frequent true late hypersensitivity reactions or symptoms (loh, 2010). Most rashes
are macular or maculopapular exanthemas, which usually occurs 2-10 days after first exposure to CM and 1 to
2 days after re-exposure to the same CM. Most reactions are mild to moderate in severity, are usually self-
limiting 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 only. Usually oral antihistamines and topical corticosteroid cremes or emollients treat

these late skin reactions.. Antipyretics may be given for fever, and anti-emetics for nausea or Gl symptoms.

Very rarely the patient may develop a severe reaction with generalized pustulosis or blistering of the skin, for
which specialized dermatology care needs to be sought (Egbert, 2014).
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It seems therefore to be rational to follow the recommendations from the ESUR v10 guideline (Bellin, 2011,
ESUR, 2018) and/or the ACR Manual on Contrast Media v10.3 (ACR 2018)

Inleiding

Late (non-immediate) adverse reactions are heterogeneous. Because of the self-limiting 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
symptomatic treatment.

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

Samenvatting literatuur

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

Zoeken en selecteren

To answer the clinical question a systematic literature analysis was performed.

P (Patients): patients with late hypersensitivity reaction after contrast media administration;

| (Intervention): diagnosis, treatment, management, steroid, cyclosporine, topical, emollients;
C (Comparison): conservative treatment or comparison of interventions above;

O (Outcomes): recovery, course, outcome, sequels, mortality, morbidity hospitalization.

Relevant outcome measures

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

Methods

The databases Medline (OVID), Embase and the Cochrane Library were searched from 15 of January 1985 to
3th of January 2018 using relevant search terms for systematic reviews (SRs), randomized controlled trials
(RCTs) and observational studies (OBS). Search terms are shown under the Tab “Literature Search”. The
literature search procured 480 hits: 11 SR, 72 RCTs 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 O studies definitely included in
the literature summary.

Verantwoording

Laatst beoordeeld :24-06-2020
Laatst geautoriseerd : 24-06-2020
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Voor de volledige verantwoording, evidence tabellen en eventuele aanverwante producten raadpleegt u de
Richtlijnendatabase.

Referenties

American College of Radiology. ACR Manual of contrast media, v10.3. Available at: https://www.acr.org/Clinical-
Resources/Contrast-Manual. Accessed: 11 July 2019.

Bellin MF, Stacul F, Webb JAW, et al. Late adverse reactions to iodine-based contrast media — an update. Eur Radiol 2011;
21:2305-2310.

Christiansen C, Pichler WJ, Skotland T. Delayed allergy-like reactions to X-ray contrast media: mechanistic considerations.
Eur Radiol 2000; 10: 1965-1975.

Egbert RE, De Cecco CN, Schoepf UJ, McQuiston AD, Meinel FG, Katzberg RW., Delayed adverse reactions to the
parenteral administration of iodinated contrast media. AJR Am J Roentgenol 2014; 203: 1163-1170.

ESUR Contrast Media Safety Committee. ESUR Guidelines on contrast safety, v10. Available at: http://www.esur-cm.org.
Accessed: 11 july 2019.

Loh S, Bagheri S, Katzberg RW, Fung MA, Li CS. Delayed adverse reaction to contrast-enhanced CT: a prospective single-
center study comparison to control group without enhancement. Radiology 2010; 255:764-771.

PDF aangemaakt op 21-07-2020 15/98


http://www.esur-cm.org

Federatie
Safe use of contrast media - part 2 Medisch
Specialisten

Laboratory tests in patients with hypersensitivity reaction to contrast media

Uitgangsvraag

What is the diagnostic 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 (methyl-histamine, methyl-imidazolacetic acid)
measurement at the time of the hypersensitivity reaction?

2. What is the diagnostic value of follow-up examination of serum (tryptase) and/or urine (methyl-histamine,
methyl-imidazolacetic acid) in order to estimate the risk for a hypersensitivity reaction in the future?

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

Aanbeveling

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

Measure serum tryptase between 1 to 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.

Overwegingen

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) described that plasma histamine and basophil degranulation using CD63 expression and flow
cytometry in blood samples of patients receiving iotrolan (n=12) or iopromide (n=19) injections were analysed
before and up to 24 hours after CM injection. In 5 of 12 and 5 of 19 resp. a significant activation of basophils
could be measured. No relation with clinical parameters was reported.

Philipse (2012) described a case report where a 28-year old female patient experienced an anaphylactic shock
immediately after administration of iomeprol. The reaction was documented by clinical parameters and by an
elevation of serum tryptase. lomeprol induced a dose-dependent CD63 elevation on blood basophils. No
activation was shown after stimulation with iohexol and iopromide. CD63 expression on basophils incubated
with iomeprol in five controls individuals remained unchanged.

Salas (2013) described a cohort study in which patients with symptoms suggestive of an immediate

hypersensitivity reaction to radio contrast media were evaluated with 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 test had a positive
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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 usefulness of a 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 which BAT tests were performed 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 activated
basophils 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 ranged from 88.4 to 100%, an ROC curve showed an area under the curve value of 0.79.

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 suggested 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 tolerated. CDé63 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. T hirty-three
patients had responded to an injection of GBCA during MRI. Skin test were performed according to EAACI-
ENDA guidelines. BAT was performed using the Allergenicity kit (Beckman Coulter). Gadobenate, gadoteric acid
and gadobutrol were analysed in three tenfold dilutions. Patients were considered as ‘non allergic’ when their
skin tests were negative whereas they were considered ‘allergic’ when the skin tests were positive with an
evocative clinical history. CD 203C expression induced in more than 6% of the basophil cells was considered as
a positive response. In 13 of the 14 non-allergic patients the BAT was negative, corresponding to a specificity of
93%. When re-exposed five of 14 patients tolerated the culprit drug confirming the ‘non-allergic’ nature of the
primary reaction. In the ‘allergic’ population BAT was positive in 13 of 19 for the pulled GBCA, 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 literature demonstrated a sensitivity of 46 to 63% and specificity is of 89 to 100%
(Mangodt, 2015; Steiner, 2016). This conclusion however bypasses heterogeneity in laboratory techniques,
control groups and agents involved. It should be noted that these estimates 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. However, in the recent study of Kolenda almost half of the patients that had responded with
symptoms within minutes after GBCA injections had positive skin tests (performed according the EAACI-ENDA
guidelines). In these patients a high specificity and relatively high sensitivity was found.

Based on the earlier three studies, performing the BAT test in all patients with a history of hypersensitivity
reactions to contrast media would probably only identify a very low percentage as ‘allergic’. However recent
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studies report a higher percentage of skin test positive patients. The diagnostic value of 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 multiple 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 identified as ‘allergic’ to iodinated agents and 10 to 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
measurements for diagnostic purposes were performed in post-mortem 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 identified in serum and pericardial fluid following contrast material
anaphylaxis and in six cases unrelated to anaphylaxis.

Fellinger (2014) described that a cohort of 15298 individuals was tested for basal tryptase levels. Elevated
serum tryptase (> 11.4 ng/mL, mean 20+/- 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 insect sting 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 specialist allergy clinic records. Thirty-four 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 patients developed 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 detected between acute serum tryptase and severity.

Palmiere (2014) performed a retrospective literature analysis on risk factors of causes of anaphylaxis due to
contrast media. Moreover, fatal cases investigated in the author’s own institution was evaluated. Only a minority
of fatal cases had been previously exposed to contrast compounds. In eight cases with fatal anaphylaxis, post-
mortem serum tryptase concentrations ranged from 51 to 979 ng/mL.

In conclusion:

Tryptase is the principal protein component of human mast cell secretory granules.
It was shown to be a marker of mast cell degranulation that is released together with histamine. Detecting
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elevated levels of tryptase following a suspected hypersensitivity reaction may help to establish the final
diagnosis of anaphylaxis. Tryptase levels peak at 0.5 to 1.5 hours and thereafter rapidly decline with a 1.5-2.5
hours half-life (Schwartz, 2006).

The ESUR guidelines suggest that: blood samples for tryptase are taken following suspected anaphylaxis, 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 the reaction and the third at 24 hours or during convalescence (ESUR v10)

An elevated level of tryptase is also a hallmark of systemic mastocytosis. Systemic mastocytosis is a risk factor
for developing hypersensitivity reactions to multiple agents such as insect venom 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 seems
to be limited (Hermans, 2017). 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 age, 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, once the 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
procedure and clinical 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 always clear-cut 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 somewhat higher cut-
off value (14 ng/mL). Elevated levels of serum tryptase occur in both anaphylactic and anaphylactoid (non IgE-
mediated) reactions, but a negative test does not fully exclude anaphylaxis. Basal tryptase levels over 20 pg/L
are suggestive of systemic mastocytosis. 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 to contrast
media in the past

Conclusions:

Laboratory tests aimed at detecting specific antibodies can be performed by using skin tests and/or an in vitro
basophil activation test (BAT) with the suspected compound. In many cases it is not clear to which 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. T he final
evaluation of the diagnostic power of these tests is dependent on the comparison with a ‘golden standard’,
probably the graded dose challenge.
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Concerning the documentation of hypersensitivity reactions to contrast media (grade Il and Ill) patients should
be followed up with at least one sample for blood tryptase 1 to 2 hours after the reaction and one at a later
time point (ESUR v10).

Testing of baseline levels of tryptase before contrast studies are performed may be useful in patients who have
previously developed hypersensitivity reactions to contrast media. Elevated baseline levels of serum tryptase in a
steady state situation suggest the presence of a mast cell disorder. Already mildly elevated baseline tryptase
levels somewhat increase the risk of anaphylaxis (Fellinger). Indolent 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 cell disorders; its prevalence in the Netherlands is suggested to be around 1 in
10,000.

Detection of serum tryptase is relatively cheap, routinely performed in many laboratories, serum samples can be
stored at -20°C and normal values are well established. If elevated baseline tryptase values are found (>20
ug/L) a further haematological analysis should be performed including C-kit 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
the population 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 which physician is responsible for measuring the tryptase
levels during and after a hypersensitivity reaction (see Chapter Organisation of healthcare).

Inleiding

Serum/blood tests can be performed prior to first contact with the agent, immediately after a reaction and after
a possible hypersensitivity reaction 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
called delayed. As delayed reactions are considered to be caused by cell-mediated 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 performed 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 be aimed 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 not IgE-driven, 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 suggested a much
larger role for specific IgE, at least in some patients (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 result of this in vitro test usually indicates the presence of specific IgE,
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it again does not exclude other activation modes of these blood cells. T o date there is no commercially available
test for directly detecting circulating IgE anti-bodies to contrast media. Application 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
expression serves as a unique 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 production could be used as a marker of basophil activation, but
determination of histamine is generally more cumbersome than detecting CDé3 up regulation (Hoffmann,
2015). Serum tests can also be performed in order to detect a tendency to develop immediate hyper reactivity
reactions in general. Serum beta-tryptase (tryptase) is an indicator of mast cell activity and can readily be
measured in hospital routine laboratories. Serum histamine determination is unpractical because of its short
half-life in circulation. An alternative is detection of histamine metabolites in urine. (N-T-Methylhistamine).
Although this is a reliable parameter (Keyzer, 1984) very few laboratories have this test in their routine repertoire,
and there are not enough data available with respect to contrast media. So, this parameter is not further
discussed.

Samenvatting literatuur

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

Zoeken en selecteren

To answer our clinical question a systematic literature analysis was performed for the following research
question:
What is the diagnostic value of serum/blood testing for contrast media induced hypersensitivity reactions?

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

I (Intervention): serum tests: tryptase, Blood test, basophil activation test;

C (Comparison): Clinical diagnosis of hypersensitivity reaction after contrast administration / no serum tests;

R (Reference test): drug provocation test;

O (Outcomes): correctly confirmed diagnosis of hypersensitivity reaction to

contrast media (sensitivity, specificity, area under the curve, positive predictive value, negative predictive value).

Relevant outcome measures
The working group considered sensitivity and specificity critical outcome measures for the decision-making
process; and considered the area under the curve and the positive and negative predictive values important

outcome measures.

Search and select (method)

The databases Medline (OVID), Embase and the Cochrane Library were searched from January 1985 to 11th of
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.
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Studies were selected based on the following criteria:

o adult patients with hypersensitivity reaction to radio contrast media;

e evaluation of diagnostic properties of serum tests to Contrast Media;

« application of a provocation test to confirm results of cutaneous testing;

« reports predefined outcome measures: sensitivity, specificity, area under the curve, positive predictive
value, negative predictive value;

e serum tests tryptase and urine-metabolites should be performed within 24 hours after hypersensitivity
reaction;

e no reports of case series or exploratory findings (n>10).

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 all studies were excluded, and no studies definitely included in the literature
summary.

Verantwoording

Laatst beoordeeld :24-06-2020
Laatst geautoriseerd : 24-06-2020

Voor de volledige verantwoording, evidence tabellen en eventuele aanverwante producten raadpleegt u de
Richtlijnendatabase.
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Diagnostic value of skin testing for hypersensitivity reactions to contrast media

Uitgangsvraag
What is the diagnostic value of skin testing for hypersensitivity reactions to contrast media?

Aanbeveling

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 tests within 6 months after the hypersensitivity
reaction in the following patient groups:

e Severe hypersensitivity reactions to a contrast medium.

o Hypersensitivity reactions with increased tryptase levels.

¢ Hypersensitivity reactions to 2 or more different contrast media of the same type (for example 2 different
iodine-based CM) or to 2 or more types of contrast media (for example iodine-based CM and
gadolinium-based 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 reactions despite premedication with corticosteroids and H1-antihistamines.

Overwegingen

As hypersensitivity reactions to CM have traditionally been classified as non-allergic reactions, skin tests have
been regarded as inappropriate tools in patients having experienced such reactions. However, increasing
evidence suggests that immunological mechanisms may be involved in CM-induced hypersensitivity reactions to
a much larger degree, partly based on the 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 of CM reactions (Rosado Ingelmo, 2016). Skin tests have good sensitivity when
performed within 6 months after the hypersensitivity reaction. After this time, sensitivity decreases. Therefor 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 IgE-mediated in reactions after gadolinium-based CA and very similar in symptomatology to
hypersensitivity reactions after iodine-based CM and therefore it seems logical to extend skin testing to
hypersensitivity reactions to all CM (Clement, 2018).
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Since included studies were considerable 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 shown a 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 Reporting Skin Testing for Contrast Media

Most hospitals nowadays have contracts with just a few contrast media vendors. For skin testing of contrast
media, however, it is important to test a panel of contrast agents (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 iodine-based and gadolinium-based agents for
allergologic skin testing, we have listed the available agents in The Netherlands and their indications below.

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

Table 2 Contrast agents in The Netherlands registered with the Medicine Evaluation Board

lodine-based contrast media

Name Commercial Name Company Main Indlication

lopromide Ultravist Bayer Healthcare Intravascular CT/Angio
lopamidol lopamiro Bracco Imaging Intravascular CT/Angio
lomeprol lomeron Bracco Imaging Intravascular CT/Angio
lohexol Omnipaque GE Healthcare Intravascular CT/Angio
lodixanol Visipaque GE Healthcare Intravascular CT/Angio
loversol Optiray Guerbet Intravascular CT/Angio
lobitridol Xenetix Guerbet Intravascular CT/Angio
Amidotrizoate meglumine Gastrografine Bayer Healthcare Gastrointestinal RF/CT
lopamidol Gastromiro Bracco Imaging Gastrointestinal RF/CT
loxithalamate meglumine Telebrix Gastro Guerbet Gastrointestinal RF/CT
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Gadolinium-based contrast agents
Name Commercial Name Company Allowed Indlication
Gadobutrol Gadovist Bayer Healthcare 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 Healthcare Total Body MRI
Gadoxetate disodium Primovist Bayer Healthcare Liver MRI
Gadobenate dimeglumine MultiHance Bracco Imaging Liver MRI
Gadopentetate meglumine Magnevist Bayer Healthcare MR Arthrography

See also: httos.//www.geneesmiddeleninformatiebank.nl/nl/

When reporting skin tests, it is optimal that the allergologist gives a clear written recommendation in the
electronic patient dossier about:

1. The possible ICM and/or GBCA that can be used in future CM-enhanced studies
2. The use of or need for premedication in future CM-enhanced studies

Inleiding

Hypersensitivity reactions to contrast media (CM) have traditionally been classified as non-allergic reactions, and
skin tests have been regarded as inappropriate tools in patients having experienced such reactions. However,
during the last few years several investigators have reported positive skin tests in patients with both immediate
and non-immediate hypersensitivity reactions after CM exposure, which indicates that immunological
mechanisms may be involved much more frequently. In this chapter the diagnostic value of cutaneous tests for
CM hypersensitivity reactions is assessed, which may serve as a more valid alternative to prophylactic
medication for CM reactions. Furthermore, the working group evaluates whether these skin tests should be
recommended in clinical practice, and under which conditions.

Conclusies

Acute Hypersensitivity Reactions: Negative Predictive value

The negative predictive value of the cutaneous test is estimated to be 80 to 97%. The
sensitivity and specificity for the cutaneous test for immediate hypersensitivity reaction to

Very Low . . . : e
contrast media is unknown in patients suspected of contrast media hypersensitivity.

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

Late Hypersensitivity Reactions: Negative Predictive value
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The negative predictive value of the cutaneous test is estimated to be 65%. T he sensitivity
and specificity for the cutaneous test for non-immediate hypersensitivity reaction to contrast

Very Low . . : : g
media is unknown in patients suspected of contrast media hypersensitivity.

GRADE

Sources: (Torres, 2012)

Samenvatting literatuur

1. Skin testing for acute (immediate) hypersensitivity reactions to contrast media
The diagnostic properties of cutaneous tests for acute (immediate) hypersensitivity reactions (HSR) to Contrast
Media (CM) were evaluated in 4 studies (Caimmi, 2010; Kim, 2013; Salas, 2013; Sesé, 2016).

Caimmi (2010) studied 159 patients. Patients were tested with the culprit iodine-based contrast medium (ICM)
and a set of other ICM if they were positive for the culprit ICM or if its name was unknown. In order to know
which ICM was involved, either patients already knew which drug had supposedly caused 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 tests were performed firstly as prick tests with the undiluted commercially available solution and
then, if negative, by intradermal tests (IDT) at a 1: 10 dilution. Prick tests were considered positive if, after 15
min, the size of the weal was at least 3 mm in diameter. For IDT, positivity was considered when the size of the
initial weal increased by at least 3 mm in diameter after 15 to 20 min, considering as non-irritant a maximum
dilution of 1/10. The negative predictive value was defined as the proportion of patients with negative skin test
results to at least one ICM at first testing who had a further injection with that ICM without reacting. One
hundred participated (75.5% participation rate). Seventy-one of them (5 9.2%) were females of a median age of
56 (45-65) 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 or non-immediate. For immediate reactions, 42
(41.6%) were of grade 1, 34 (33.7%) of grade 2, 20 (19.8%) of grades 3 and five (4.9%) of grade 4. Only one
(5.9%) of the 17 non-immediate reactions was moderate, all the others were mild (16 to 94.1%).

Kim (2013) retrospectively included 1048 patients. The mean (SD) age was 55.1 (14.5) years; 501 (47.8%) were
male. Intradermal test with the RCM that was to be used in the

pending nonionic CM-enhanced CT was performed just before the CT examinations. The nonionic CM used in
our contrast CT scans was iopromide, iomeprol, iohexol, and iodixanol. Intradermal tests were conducted on
the volar surface of the forearm with a negative control, saline. A 1:10 solution of contrast medium (0.03 to 0.05
mL), which has been accepted as a non-irritating concentration, was gently injected into the skin to produce a
small superficial bleb of 2 to 4 mm. Skin test positivity was determined when the diameter of the wheal
increased by at least 3 mm, and surrounding erythema was observed after 15 to 20 minutes. If a patient had a
negative response to skin tests, CT was performed as scheduled (provocation). Of the 376 patients previously
exposed to CM, 61 (16.2%) had a history of at least 1 mild CM-associated reaction: 56 (91.8%) had immediate
and 5 (8.2%) non-immediate reactions.

Salas (2013) included 90 patients with a history of immediate HSR after contrast media (CM). Inmediate HSR
was classified according to the Ring and Messmer scale.
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Skin Test (ST) was carried out using the following CM: iobitridol, iomeprol, iodixanol, iohexol, ioversol,
iopromide and ioxaglate. Prick tests were performed using undiluted CM and IDT using 10-fold dilutions. In
those with a negative ST, a single-blind placebo-controlled provocation test was performed with the CM
involved, as described. In patients with a positive ST and/or provocation test, a basophil activation test (BAT)
was performed with iohexol (3; 0.3 mg/ml), iodixanol (3; 0.3 mg/ml), iomeprol (3.5; 0.35 mg/ml) and ioxaglate
(5.8; 0.58 mg/ml) (based on dose-response curves and cytotoxicity studies). The median age of the subjects
evaluated was 54.50 + 27 years; 63 (60%) were women. The CM involved in the reaction was iomeprol in 26
cases (28.89%), iodixanol in 19 (21.11%), iohexol in 11 (12.22%), iopromide in 9 (10.00%) and unknown in 25
(27.78%). According to the clinical history, most cases developed reactions with skin involvement (65.65%
urticaria/ angioedema and 30% generalized erythema), and only 4.44% had airway or cardiovascular
involvement. Regarding symptom severity, 69 cases (76.71%) had grade | reactions, 18 (20%) grade Il and 3
(3.33%) grade lll. No patients had grade IV reactions.

Sesé (2016) included 37 patients with a definite history of immediate HSR due to lodine-based Contrast Media
(ICM). Immediate HSR was classified according to the Ring and Messmer scale. Skin tests were performed at
least 6 weeks after the HSR on the volar forearm with the suspected ICM and with four other ICM. Skin prick
tests (SPTs) involved freshly prepared undiluted ICM commercial solutions, and intradermal tests (IDTs) were
performed successively with 100-fold and then 10-fold solution diluted in 0.9% sterile saline. Saline and
chlorhydrate histamine were negative and positive controls, respectively. In total, 37 patients (24 women, mean
age 49.3 years at the time of the reaction) completed the tests. The clinical severity of the reaction was grade |
for 26 (70%), grade Il for 4 (11%), and grade lll for 7 (19%); 35 (95%) reported skin or mucosal symptoms,
including pruritus (n = 11), facial erythema (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 diagnostic property of cutaneous tests for late (non-immediate) hypersensitivity reactions (HSR) to
lodinated Contrast Media (ICM) was evaluated in one study (T orres, 2012). Torres included a total of 161
subjects with a history of a non-immediate reaction imputable to at least one CM was evaluated. One patient
who developed Stevens—Johnson syndrome was not included. The median age was 58.5 years (IR: 48.85 to
66.5) with 82 men (50.9%). According to the information obtained from the clinical history, the CM involved in
the reaction were iomeprol in 53 (32.9%), iodixanol in 46 (28.6%), iohexol in 27 (16.8%), iobitridol in 4 (2.5%),
ioversol in 3 (1.9%), iopromide in 3 (1.9%), ioxaglate in 2 (1.2%) and unknown in 23 (14.3%). According to the
clinical history, 108 cases (67.1%) developed symptoms compatible with exanthema and 53 (32.9%) with
delayed urticaria. Regarding symptom severity, 16 cases (9.9%) had mild reactions, 143 (88.8%) moderate
reactions, and 2 severe reactions (1.2%) consisting of desquamative exanthema. Concerning the number of
episodes, 132 cases (82%) had one episode and 29 cases (18%) two episodes.

Results

1. Skin testing for acute hypersensitivity reactions
Negative predictive value

PDF aangemaakt op 21-07-2020 28/98



Federatie
Safe use of contrast media - part 2 Medisch
Specialisten

The rate of a positive skin test in the study of Sesé (2016) was 13.5% (95% Cl 4 to 29%) and increased to 20%
(95% Cl 4 to 48%) for patients who consulted during the year after the HSR. Among the 32 patients with
negative skin test results, 31 were challenged successfully, 15 with the culprit ICM. One grade | reaction occurred
2 h after challenge (generalized pruritus, erythema, and eyelid oedema lasting < 1 h) and was considered a
positive intravenous challenge result. At 2 h after provocation test, two patients reported generalized and
isolated pruritus that regressed with antihistamine therapy and was not considered a positive IPT result. None of
five patients with positive skin test to ICM were re-exposed to contrast media during radiologic examination,
positive predictive could not be calculated. For an immediate HSR to ICM, the negative predictive value for skin
tests with low dose was 80% (95% Cl 44 to 97%).

Kim (2013) showed that among the 1046 patients who had negative responses on skin tests, 52 (5.0%) showed
immediate-type adverse reactions after CT using radio contrast media. However, most reactions were mild and
cutaneous, such as pruritus, urticaria, and mild angioedema. Only 1 patient (0.1%) had a grade Il moderate
immediate reaction accompanied by breathing difficulty and mild laryngeal oedema, which were relieved with an
antihistamine. The negative predictive value of the pre-screening skin test for immediate hypersensitivity
reactions before contrast media administration was 95.0%. The negative predictive value of the skin test for
immediate hypersensitivity reactions in patients with a history of contrast media hypersensitivity reactions was
80.3% (n=49/61) and that in patients without a history was 95.9% (n= 945/985).

Results of Salas (2013) showed that five subjects (5.56%) had a positive skin test: three by prick test (one to
iodixanol, one to iomeprol and one to iohexol) and five by intradermal testing (four to iohexol, three iodixanol
and two to iomeprol). In cases with a negative skin test to all CM tested (N = 74), provocation test was carried
out with the culprit CM if known, being positive in three cases; one to iodixanol, one to iomeprol and one to
iodixanol, iohexol plus iomeprol. In total, 11 patients with a negative ST refused to undergo a provocation test,
resulting in a negative predictive value to immediate hypersensitivity reactions of 95.26%. Eight (8.9%) cases
were confirmed as having IHR, 5 (62.5%) by ST and 3 (37.5%) by provocation test. Five from those confirmed as
IHR (62.5%) had a positive BAT.

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 negative. IDT were positive at 20 min for 15 patients with an immediate history and for
the patient with unknown chronology. Caimmi (2010) found one single false negative; the negative predictive
value of ICM skin tests was 96.6% (95% Cl: 89.9 to 103.2).

Quality of evidence

The quality of certainty of evidence was 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 for delayed hypersensitivity 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 skin-test positive to just one
CM, 6 to two CM and 1 to three. The immediate reading of the intradermal tests was negative in all cases. The
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skin test was positive to iomeprol in 21 cases (50%), to iodixanol in 7 (16.7%), to iobitridol in 5 (11.9%), to
ioxaglate in 4 (9.5%), to iohexol in 3 (7.1%) and to iopromide in 1 (2.4%). In the 34 cases with a positive
intradermal test, 10 also had a positive patch test. No positive patch tests were detected in the patients with
negative intradermal results. In the patients with a negative skin test to all the CM tested (N = 127), a
provocation test was carried out with the CM involved. Provocation test was positive in 44 cases (34.6%), 19 to
one CM and 3 to two CM. Thirty-eight cases (76%) were positive to iodixanol, 8 (16%) to iomeprol and 4 (8%)
to iohexol. The time interval between administration and symptom development was: 1 to 6 h (13 cases), 7 to
12 h (27 cases), 13 to 24 h (68 cases), 25 to 48 h (41 cases) and > 48 h (12 cases).

Quality of evidence

The quality of certainty of evidence was 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).

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 test, they are not in line with the PICO. However, studies on positive rates of skin tests
in patients with HSR to ICM contain 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 of bias and evidence tables for these studies.

In patients with immediate HSR to ICM, the pooled positive rate of skin tests was 17% (95% Cl, 11-26%; 2=
45%) and was identical to that of IDT (Table 1). The pooled positive rate of SPTs was 3% (95%Cl= (1-5%); 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% (95%Cl= (6 to 23%); = 38%); moderate HSR 16% (95%Cl= (10 to 24%); 1> = 6%) and
for severe HSR, 52% (95%Cl= (31 to 74%), I°= 42%). Table 1 presents a detailed overview of positive rates
across studies. Figure 1 presents an overview of per-test cross-reactivity rates between pairs of ICM in skin test
positive patients with HSR to ICM.

Table 1 Positive rates of cutaneous tests in patients with immediate HSR to ICM
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Positive rate of skin Test Site Positive rate of IDT, %
tests, % Severity of HSR
SPT? IDT® SPT? IDT® Mild Moderate | Severe
Dewachter, ICMe | 50 (2/4) 100 (4/4) Forearm Back - - 100
2001 (4/4)
Trcka, 2008 ICMe - 4 (4/96) |Not specified Not 0(0/40) | 7(3/44) |8(1/12)
specified
Brockow, 2009 | ICM¢© | 3(4/122) |26 (32/121)| Forearm Forearm (26 (24/92) - 28
(8/29)
Caimmi, 2010 ICMe | 0 (0/101) | 15 (15/101) | Not specified Not - - -
specified
Dewachter, ICMe | 4(1/24) | 46 (12/26) Forearm Back 33(3/9) | 40 (4/10) | 71 (5/7)
2011
Goksel, 2011 ICMc | 0 (0/14) 14 (2/14) Forearm Forearm 14 (1/7) 14 (1/7) -
Pinnobphun, ICMe | 0(0/63) | 24 (15/63) | Not specified Not 23(12/53)| 0(0/5) |60 (3/5)
2011 specified
Kim, 2013 ICMe | 3(1/32) | 26 (12/46) |Not specified| Forearm 13(4/31) | 25(2/8) | 57 (4/7)
Kim, 2014 ICMe | 2(1/51) | 65(33/51) Forearm Forearm - 18 (2/11) 78
(31/40)
Renaudin, 2013 | ICM< | 14 (1/7) 57 (4/7) | Not specified Not - - 57 (4/7)
specified
Prieto-Garcia, ICMe | 0 (0/106) |10 (11/106) | Not specified Not 9 (6/66) | 14(4/29) | 9 (1/11)
2013 specified
Salas, 2013 ICMe | 3(3/90) 6 (5/90) |Not specified| Forearm 0(0/69) | 11(2/18) 100
(3/3)
Sesé, 2016 ICMe | 3(1/37) 13.5% Forearm Not 11(4/37) | 3(1/37) -
(5/37) specified

aSPT = Skin Prick Test; PIDT= Intradermal Test; clodine-based Contrast Media
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Figure 1 Cross-reactivity rates between pairs of ICM in skin test-positive patients with HSR to ICM. (from meta-
analysis Yoon et al. Allergy 2015)

Cross-reactivity was extracted based on the results of intradermal test with 10-" diluted ICM and patch test with
undiluted ICM. If available, results of drug provocation test and graded challenge were also used. The number
of 1 is the number of pooled studies. Pooled cross-reactivity rate is categorized and expressed in grey scale:
white, pooled point estimate is <10%, and its upper limit of 95% Clis <30%; light grey, pooled point estimate is
11% and 15%, or pooled point estimate is <10 with its upper limit of 95% Clis >30%; grey, pooled point
estimate ranged from 16% and 25%; dark grey, pooled point estimate ranged from 26% and 50%.

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

Zoeken en selecteren

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

P (patient category): patients with hypersensitivity reactions after radiological examinations with contrast media;
I (intervention): cutaneous tests: skin test, patch test (PT), Intradermal test (IDT), skin prick test (SPT) or scratch

test;

C (comparison) clinical diagnosis of hypersensitivity reaction after contrast administration;

R (Reference) drug provocation test;

O (outcome) correctly confirmed diagnosis of hypersensitivity reaction to contrast media (sensitivity, specificity,
area under the curve, positive predictive value, negative predictive value).

Relevant outcome measures

The working group considered sensitivity and specificity critical outcome measures for the decision-making
process; and considered the area under the curve and the positive and negative predictive values important
outcome measures.

Search and select (method)

The databases Medline (OVID), Embase and the Cochrane Library were searched from January 1985 to 4th of
January 2018 using relevant search terms for systematic reviews (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:

e adult patients with hypersensitivity reaction to contrast media;

« evaluation of diagnostic properties of cutaneous tests to contrast media;

e application of a provocation test to confirm results of cutaneous testing;

e reports predefined outcome measures: sensitivity, specificity, area under the curve, positive predictive
value, negative predictive value;

e no reports of case series or exploratory findings (n > 10).

Based on title and abstract a total of 37 studies were selected. After 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 table.”). Cross-referencing leads to the inclusion of one additional study.

Five studies were included in the literature analysis; the 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, and applied cutaneous tests differed across the studies, we were not able to pool the
outcome of the diagnostic test properties.

A total of 13 studies did not fulfil the predefined selection criteria, but described the positive rates of cutaneous
tests in patients that had a hypersensitivity reaction after CM administration. The positive rates in these studies
are also described under Positive rates of cutaneous tests. Because these studies did not fulfil the selection
criteria, and did not include a comparison to a reference test, only descriptive data of these studies was shown,
and evidence tables and risk of bias tables of these studies are not included.
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Prophylaxis of hypersensitivity reactions after contrast administration

Uitgangsvraag

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

Aanbeveling

| Patients with a previous (acute) hypersensitivity reaction to a known ICM or GBCA

A Elective (plannable) examinations with ICM or GBCA

In all patients with a (documented) history of a hypersensitivity reaction to an iodine-based or gadolinium-based
CM, consider an alternative imaging modality. When this is not possible, consider performing an unenhanced

exam, but only if this has an acceptable reduction in diagnostic quality.

If the previous hypersensitivity reaction was mild:

e Choose a different ICM or GBCA*.
¢ Observe the patient > 30 min with IV in place.

If the previous hypersensitivity reaction was moderate:

e Choose a different ICM or GBCA*.
o Observe the patient > 30 min with IV in place.
¢ Be vigilant to react to a possible new hypersensitivity reaction.

If the previous hypersensitivity reaction was severe:

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

¢ Refer the patient to a drug allergy specialist for allegologic skin testing with a panel of different iodine-
based or gadolinium-based CM.

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

e Premedicate with 2 x 25 mg prednisolone PO/IV** 12h and 2h before CM administration and 2mg
clemastine IV within 1h before CM administration.

o Observe the patient > 30 min with IV in place.

e Be vigilant to react to a possible new hypersensitivity reaction.

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

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

If the previous hypersensitivity reaction was mild:
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e Choose a different ICM or GBCA*.
e Observe the patient > 30 min with IV in place.
¢ Be vigilant to react to a possible new hypersensitivity reaction.

If the previous hypersensitivity reaction was moderate:

e Premedicate with 50 mg prednisolone IV** and 2mg clemastine IV within 30min before CM administration.
e Choose a different ICM or GBCA*.

¢ Observe the patient > 30 min with IV in place.

e Be vigilant to react to a possible new hypersensitivity reaction.

If the previous hypersensitivity reaction was severe:

e Premedicate with 50 mg prednisolone IV** and 2mg clemastine IV within 30min before CM administration.
e Choose a different ICM or GBCA*.

e Observe the patient > 30 min with IV in place.

¢ Be vigilant to react to a possible new hypersensitivity reaction.

Il Patients with a previous (acute) hypersensitivity reaction 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 iodine-based or gadolinium-based
CM, consider an alternative imaging modality. When this is not possible, consider performing an unenhanced
exam, but only if this has an acceptable reduction in diagnostic quality.

If the previous hypersensitivity reaction was mild:

e Proceed with the radiologic examination normally.
¢ Observe the patient > 30 min with IV in place.
e Be vigilant to react to a possible new hypersensitivity reaction.

If the previous hypersensitivity reaction was moderate:

e Proceed with the radiologic examination normally.
¢ Observe the patient > 30 min with IV in place.
e Be vigilant to react to a possible new hypersensitivity reaction.

In cases of doubtful severity consider referring the patient to a drug allergy specialist for allergologic skin testing
with a panel of different iodine-based or gadolinium-based CM.

If the previous hypersensitivity reaction was severe:
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o If clinically reasonable, defer the imaging study until results of allergologic skin testing are available.

o Refer the patient to a drug allergy specialist for allergologic skin testing with a panel of different iodine-
based or gadolinium-based CM.

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

e Premedicate with 2 x 25 mg prednisolone PO/IV** 12h and 2h before CM administration and 2mg
clemastine IV within 1h before CM administration.

e Observe the patient > 30 min with IV in place.

« Be vigilant to react to a possible new hypersensitivity reaction.

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

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

If the previous hypersensitivity reaction was mild:

e Proceed with the radiologic examination normally.
e Observe the patient > 30 min with IV in place.
« Be vigilant to react to a possible new hypersensitivity reaction.

If the previous hypersensitivity reaction was moderate:

e Premedicate with 50 mg prednisolone IV** and 2mg clemastine IV within 30min before CM administration
e Proceed with the radiologic examination normally.

¢ Observe the patient > 30 min with IV in place.

e Be vigilant to react to a possible new hypersensitivity reaction.

If the previous hypersensitivity reaction was severe:

e Premedicate with 50 mg prednisolone IV** and 2mg clemastine IV within 30min before CM administration
e Proceed with the radiologic examination normally.

e Observe the patient > 30 min with IV in place.

« Be vigilant to react to a possible new hypersensitivity reaction.

lll Patients with a previous breakthrough reaction to CM

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

IV Patients with previous (acute) hypersensitivity reactions to multiple CM
In patients with hypersensitivity reactions to multiple iodine-based or gadolinium-based CM (either 2 or more
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different iodine-based CM or gadolinium-based CA or to an iodine-based CM and a gadolinium-based CA)

apply the same as above, but always refer the patient to a drug allergy specialist for allergologic skin testing
with a panel of different ICM and GBCA.

V Patients with previous non-severe late hypersensitivity reactions to CM
In patients with previous mild or moderate late hypersensitivity reactions to iodine-based CM or gadolinium-
based CA premedication is not recommended, even in acute or emergency examinations.

Notes
* Consider cross-reactivity of iodine-based CM (see Introduction to this section, table 2).

**QOr equivalent dose of another glucocorticosteroid
25 or 50 mg prednisolone is equivalent to:

e 20 or 40 mg methylprednisolone.
e 4 or 83mg dexamethasone.
e 100 or 200mg hydrocortisone.

Also see the flowcharts.

Overwegingen

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 without a contrast medium, but only if this has an acceptable degree of
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 are often reported which also include (severe) physiologic effects to contrast medium
administration and chemotoxic effects. Anxiety may play a role in hypersensitivity reactions (Lalli, 1974).

Based on the available literature 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, 2017) and the 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/ bronchial asthma 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 of low quality (Tramer, 2006; Dawson, 2006; Davenport, 2015). It seems that
prophylactic premedication can prevent the number of hypersensitivity reactions after contrast administration,
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but premedication mainly reduces the number of mild reactions and therefore the 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 corticosteroids and H1-antihistamines do not have serious side effects
and is not costly. However, recently it has been shown that premedication was associated with brief
hyperglycaemia (Davenport, 2010), but also with longer hospital stay, increased costs, and worse clinical
outcomes (Davenport, 2016).

The old protocols for premedication (Greenberger, 1984; Greenberger, 1986; Lasser, 1994) are still in
widespread use (often slightly modified), but there is no literature to establish an optimal indication or protocol.
Recently the Greenberger protocol has been challenged by newer, shorter options for inpatients (Mervak, 2017).

Greenberger protocol (elective examinations 1984):

e Prednisolone 50 mg IV - 13h, 7h and 1h before the procedure.
e Diphenhydramine 50 mg IV - 1h before the procedure.

Greenberger protocol (emergency examinations 1986):

e Hydrocortisone 200 mg IV - immediately and every 4h until procedure is finished
¢ Diphenhydramine 50 mg IV - 1h before the procedure

Lasser protocol (elective examinations 1994):

e Methylprednisolone 32 mg IV - 12h and 2h before the procedure.

In addition, premedication is not perfect. In 2 to 17% of premedicated patients so-called “breakthrough”
hypersensitivity reactions can occur despite premedication. These are usually of similar severity as the original

culprit reaction for which premedication was prescribed and seldom severe (Davenport, 2009; Mervak, 2015;
Lee, 2017).

Another main problem is the registration of contrast media in radiology information systems. For a long time,
contrast media have not been treated as drugs. Therefore, in many hospitals iodine-based and other contrast
media are “doomed” as a group when a single hypersensitivity reaction to one specific agent occurs, without
much testing 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, 2016; Lee, 2017; Park, 2017).

Premedication of late hypersensitivity reactions

There is a paucity of data on the benefits of premedication for non-severe late hypersensitivity reactions. Most
of these reactions are self-limiting or can be treated symptomatically. Major international guidelines suggest to
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perform allergologic skin testing, but do not recommend the use of premedication for non-severe late reactions
(ESUR 2018, ACR 2018).

Inleiding

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
accurately with a hypersensitivity reaction to CM. In addition, patient’s history can include diseases like severe
asthma, mastocytosis or the use of 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 remains unclear.

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

All types of contrast media will be evaluated: iodine-based, gadolinium-based, microbubble, CM. Also, all types
of administration routes will be covered, intravascular (intravenous or intra-arterial), oral and rectal, intracavitary
(joints or bladder), and intraductal (bile or pancreatic ducts). See the submodule ' Hypersensitivity Reactions
after Nonvascular CM Administration'.

Conclusies

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

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

o age < 50 years;
o no premedication with corticosteroids;
o contrast dose < 100mL;
Low o no pre-procedural hydration;
GRADE o left main coronary disease;
o previous ADR to contrast.

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

Source: (Chen, 2015)
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The following factors were associated with an increased risk for developing this second acute
allergic-like adverse reaction in patients with a history of a hypersensitivity reaction after low-
osmolality contrast administration, who were undergoing another enhanced computed
tomography with low-osmolality contrast medium and receiving premedication:

o younger age;
o previous severe reaction;

Low ticosteroid dicati
no corticosteroid premedication.
GRADE ° P
The following factors were not independently associated with the risk of acute allergic-like
adverse reactions: sex, bronchial asthma, allergic rhinitis, chronic urticaria, food allergy, other
drug allergy, H2-antihistamines premedication.
Source: (Jung, 2016)
The following factors were associated with an increased risk for developing this second
hypersensitivity reaction in patients with a history of a moderate or severe hypersensitivity
reaction after low-osmolality contrast administration, who were undergoing another
enhanced computed tomography with low-osmolality contrast medium and receiving
premedication:
o younger age;
o diabetes mellitus;
Low o chronic urticaria;
GRADE o drug allergy;

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

The following factors were not independently associated with the risk of developing a
recurrent hypersensitivity reaction: sex, use of premedication.

Source: (Park, 2017)

Prophylactic measures to prevent hypersensitivity reactions after contrast administration
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It is unclear whether the use of premedication decreases the risk of life-threatening
anaphylactic reactions.

The administration of H1-antihistamines immediately prior to the administration of contrast

Very low may decrease the risk of developing hypersensitivity reactions due to iodinated contrast.

GRADE
The administration of corticosteroids given in two doses, 6 hours prior and 2 hours prior to

the administration of contrast, both iodinated and non-iodinated, may decrease the risk of
developing hypersensitivity reactions due to contrast administration.

Source: (Tramer, 2006)

Samenvatting literatuur

1. Factors related to the risk of hypersensitivity reactions after contrast administration.
Description of studies
A total of 3 studies described factors independently related to the risk of hypersensitivity reactions after contrast

administration. All studies presented multivariate models, but no 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 reactions (occurring within 1 hour after contrast
administration) in 17,513 patients who were administered iopromide (300 or 370 mgl/mL) contrast during
coronary angiography or Pecutaneous Coronary Intervention (PCI). All patients (not high-risk patients only) were
included in this multicentre (63 centres in China) study.

Jung (2016) described risk factors for developing a hypersensitivity reaction after re-administration of low-
osmolality iodinated contrast medium for enhanced computed tomography in 322 patients with a history of
hypersensitivity reactions after low-osmolality 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 could consist of oral and/or intravenous H1-
antihistamines, H2-antihistamins and corticosteroids.

Park (2017) described risk factors for developing a hypersensitivity reaction after administration of low-osmolar
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 of re-
exposure. Patients received antihistamines and/or corticosteroids as pre-medication, 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 (0.01%) were severe. Most ADRs manifested as nausea
vomiting (0.22%) and rash (0.09%).
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The following factors were associated with risk of ADR:

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

e premedication with corticosteroids (OR: 0.41, 95% CI: 0.18 to 0.97);
e contrast dose > 100mL (OR 0.50, 95% C10.30 to 0.82);

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

o left main coronary disease (OR: 2.27, 95% ClI: 1.15 to 4.48);

e previous ADR 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.

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

The following factors were associated with an increased risk for developing this second acute allergic-like
adverse reaction:

e age (OR:0.97,95% CI: 0.94 t0 0.99);

e previous severe reaction (OR: 8.88, 95% ClI: 2.11 to 37.42);

e not using corticosteroid premedication (OR: 0.28, 95% CI: 0.10 to 0.78) - people 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 allergic-like adverse reactions:
sex, bronchial asthma, allergic rhinitis, chronic urticaria, food allergy, other drug allergy, H2-antihistamines
premedication.

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

The following factors were associated with an increased risk for developing this second hypersensitivity reaction:

e age (OR:0.97,95% C10.94 to 0.99);

e diabetes mellitus (OR: 6.49, 95% CI: 2.38 to 17.71);

e chronic urticaria (OR: 7.61, 95% CI: 1.63 to 35.59);

e drug allergy (OR: 3.69, 95% CI: 1.18 to 11.56);

e Changing the 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.

Level of evidence
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For all the included patient populations the quality of certainty of evidence for 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 decision-making process was not evaluated.

2. Prophylactic measures to prevent hypersensitivity reactions after contrast administration
Description of studies
One systematic review (Tramer, 2006) that included 9 RCTs was included in this analysis. The goal of this

review was to review the efficacy of pharmacological prevention of serious reactions to iodinated contrast
media. A systematic search was performed up to October 2005. The pre-specified 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 reactions. A total of 9 trials with
10,011 adult patients were included in the review analysis. No RCTs that answered the search question were
found that were published after Tramer, 2006.

Results

Tramer (2006) reported 9 trials (including 10,011 adults) tested H1 antihistamines, corticosteroids, and an H1 to
H2 combination. No trial included exclusively patients with a history of allergic reactions. Many outcomes were
not allergy related, and only a few were 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 intravenous prednisolone 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
(including shock, 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%) patient who received intravenous clemastine 0.03 mg/kg and cimetidine
2 to 5 mg/kg had angio-oedema compared with 8/194 (4.1%) 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)
Bertrand et al 1-0-2-0 Hydroxyzine 100 mg PO 12 h before (200); placebo PO (200) IV urography (297); CT
1992 : scan (93); venography (10)
Chevrot et al, 1-0-0-0 Betamethasone 8 mg IV with CM (109); no treatment (112) IV urography; CT scan;
1988™ venography
Ginsberg et al, 1-0-1-0 Dexamethasone 4 mg PO 4w/d for 24 h (42); placebo PO Myelography
1996™ (44)
Lasser et al, 1-1-2-0 Methylprednisolone 2x32 mg PO evening and 2 h befare IV injection
1987 (2513, group 1); methylprednisolone 32 mg PO 2 h before
(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
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
(191); clemastine 0.03 mg/kg + cimetidine 2-5 mg/kg
(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
(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
(saling) IV (149)
Wicke et al, 1975* 1-0-1-0 Clemastine 2 mg IV with CM (92); placebo (saline) IV (116)  Urography (148);

cholangiography (60)

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:
and caregiver and observer blinded. Follow-up (F): O=none reported, 1=incomplete, 2=complete (intention to treat analysis possible).
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Haemodynamic symptoms

Chevrot 1988"
Lasser 19942

Betamethasone
Methylprednisolone

Respiratory symptoms

Bertrand 1992"°  Hydroxyzine

Ring 1985" Clemastine

Lasser 1994"2  Methylprednisolone
Ring 1985" Prednisolone
Cutaneous symptoms

Bertrand 1992"°  Hydroxyzine
Smith 1995"%  Dimenhydrinate
Small 1982"7  Chlorpheniramine
Wicke 1975"%  Clemastine

Ring 19855 Clemastine

Ring 1985" Prednisolone
Lasser 1994"2  Methylprednisolone

No with symptoms/total No (%)
Premedication

Hypotension
Hypotension
Steroid combined

Bronchospasm
Angio-oedema
Anti-H, combined
Laryngeal oedema
Angio-oedema
Steroid combined

Urticaria

Pruritus

Hives, pruritus
Urticaria

Flush

Anti-H, combined
Flush

Hives

Steroid combined

0/109 (0.0)
0/580 (0.0)
0/689 (0.0)

0/200 (0.0)
41191 (2.1)
4/391 (1.0)
0/580 (0.0)
3/198 (1.5)
3/778 (0.4)

0/200 (0.0)
7/150 (4.7)
178 (1.3)
0/92 (0.0)
6/191 (3.1)
14/711 (2.0)
2/198 (1.0)
3/580 (0.5)
5/778 (0.6)

Control
11112 (0.9)
2/575 (0.3)
3/687 (0.4)

1/200 (0.5)
8/194 (4.1)
9/394 (2.3)
3/575 (0.5)
8/194 (4.1)
11/769 (1.4)

17/200 (8.5)
9/149 (6.0)

15/142 (10.6)

21116 (1.7)
6/194 (3.1)

49/801 (6.1)

6/194 (3.1)
9/575 (1.6)
15/769 (2.0)
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premedication

Fig 2 Distinct haemodynamic, respiratory, and cutaneous symptoms. Hypotension, bronchospasm, angio-oedema, &

potentially life threatening. Anti-H=antihistamine. * P for heterogeneity=0.03, F=62%
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No with symptoms/total No (%)

Federatie
Medisch
Specialisten

Grade 1 Premedication Control Odds ratio (9
Lasser 19871 MP 32 mg, 2 h before 94/1759 (5.3) 45/888 (5.1) -
Lasser 19871 MP 2 x 32 mg, evening and 2 h before 86/2513 (3.4) 791603 (4.9) . 5
Lasser 1994"2 MP 2 x 32 mg, 6 to 24 h and 2 h before 1/580 (0.2) 10/575 (1.7) —a—
Combined MP 2 x 32 mg 87/3093 (2.8) 89/2178 (4.1) -
Grade 2
Lasser 1987"" MP 32 mg, 2 h before 63/1759 (3.6) 41/888 (4.6) = 3
Lasser 1987"" MP 2 x 32 mg, evening and 2 h before 72/2513 (2.9) 55/1603 (3.4) -
Lasser 1994"2 MP 2 x 32 mg, 6 to 24 h and 2 h before 7/580 (1.2) 9/575 (1.6) T
Combined MP 2 x 32 mg 79/3093 (2.6) 64/2178 (2.9)
Grade 3
Lasser 1987"" MP 32 mg, 2 h before 9/1759 (0.5) 2/888 (0.2) ——
Lasser 1987"" MP 2 x 32 mg, evening and 2 h before 52513 (0.2) 11/1603 (0.7) ——
Lasser 1994"2 MP 2 x 32 mg, 6 to 24 h and 2 h before 2/580 (0.3) 9/575 (1.6) e
Combined MP 2 x 32 mg 7/3093 (0.2) 20/2178 (0.9) ——

002 01 1

Favours

premedication

Fig 3 Arbitrary symptom combinations (“grades”) as defined in the original reports.* ** Grade 1=single episode of eme:
2=hives, erythema, emesis more than once, or fever or chills (or both); grade 3=shock, bronchospasm, laryngospasm or
convulsions, fall or rise in blood pressure, cardiac arrhythmia, angina, angio-oedema, or pulmonary oedema. Grade 3 wa:
MP=methylprednisolone (oral)

Level of evidence

The quality of certainty of evidence for 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 of bias of the included studies was 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. No report described a complete patient follow-up that enabled
an intention to treat analysis.

Zoeken en selecteren

To answer our clinical question a systematic literature analysis was performed for the following research
questions:
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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 contrast, hypersensitivity 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 no prophylactic measure, in patients undergoing radiological examinations with contrast
medlia?

P (patients): patients undergoing radiological examinations with contrast media;
| (intervention): prophylactic measure to prevent hypersensitivity reactions after contrast administration;
C (comparison): no prophylactic measure or a different prophylactic measure to prevent hypersensitivity

reactions after contrast administration;

O (outcome): allergic reactions to contrast, hypersensitivity reaction, type I/ type IV, severe allergic reaction.

Relevant outcome measures
The working group considered allergic reactions to contrast/ hypersensitivity reactions critical outcome

measures for the decision-making process.

Search and select (method)

The databases Medline (OVID), Embase and the Cochrane Library were searched from 15t of December 1980 to

4th of December 2017 using relevant search terms for systematic reviews (SRs), randomized controlled 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:

o adult patients undergoing radiological examinations with contrast media;

¢ evaluation of effectiveness of prophylactic measures to prevent hypersensitivity reactions after contrast

administration;

« or: Evaluation or identification of factors associated with an increased risk of hypersensitivity reactions

after contrast administration. These factors could be treatment related, or patient related. Studies were

only included when the identified risk factors were corrected for confounders (multivariate models);
« reports predefined outcome measure: hypersensitivity reactions;
e no reports of case series or exploratory findings (n > 10).

Based on title and abstract a total of 123 studies were selected. After examination of full text, a total of 119

studies were excluded and 4 studies were definitely included in the literature summary. Reason for exclusion is

reported in the exclusion table.
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Three studies were included for the research question regarding the identification of factors related to
associated with an increased risk of hypersensitivity reactions after contrast administration. One systematic
review (Tramer, 2006) was included for the research question regarding the comparison of the different
prophylactic measures to prevent hypersensitivity reactions after contrast administration. The most important
study characteristics and results were included in the evidence tables. The evidence tables and assessment of
individual study quality are included.

Verantwoording

Laatst beoordeeld :24-06-2020
Laatst geautoriseerd : 24-06-2020

Voor de volledige verantwoording, evidence tabellen en eventuele aanverwante producten raadpleegt u de
Richtlijnendatabase.
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Hypersensitivity Reactions after Nonvascular CM Administration
Uitgangsvraag
Hypersensitivity Reactions after Nonvascular CM Administration

Aanbeveling

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 occur, but their incidence is
low to very low.

No preventive measures are indicated for ERCP or for nonvascular GBCA administration.

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

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

In patients that have experienced severe hypersensitivity reactions to CM in the past, preventive measures for
severe reactions as outlined in the module 'Prophylaxis of hypersensitivity reactions after contrast
administration' may be followed prior to examinations using nonvascular CM administration, if possible after
laboratory and skin testing by a specialist in drug allergy prior to the examination.

Overwegingen

1. Gastro-intestinal administration

Barium sulphate suspensions are used more and more infrequently in fluoroscopy than in the 1970 and 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 bone (Skucas 1997).
Hypersensitivity reactions to barium sulphate are exceedingly rare and are usually mild. They have been
estimated to occur in about 1: 1,000,000 cases (Janower, 1986). Yet, severe reactions have been published as
case reports in the heyday of barium use, but are exceedingly rare (Seymour, 1997).

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 of glucagon in upper or lower Gl studies (Gelfand, 1985).

lodine-based contrast medlia (ICM) 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 administration. The
use of fluoroscopy of the Gl system is rapidly declining. The use of (CT) fistulography for entero-cutaneous
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fistula is also included here.

For high-density (positive) contrast, the older high-osmolar ionic ioxithalamate meglumine and sodium
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 iodine-based CM are absorbed by the gastro-intestinal
mucosa (in the order of 0 to 2%) (Sohn, 2002), with relatively more absorption in the upper than in the lower
gastrointestinal system. This absorption may be slow. Therefore, also iodine-based CM can elicit
hypersensitivity reactions of all severities, both acute and delayed reactions (Miller, 1997; Schmidt, 1998; Davis,
2015; Bohm, 2017). 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 atypical abdominal
discomfort (Chen, 2012; Hu, 2012). It is probably more frequently caused by intravascular ICM and GBCA
administration, and may be mediated via the gut-associated lymphoid tissue (GALT) in the bowel wall (B6hm,
2017).

Because iodine-based CM in CT is usually administered intravenously and orally, the true incidence of gastro-
intestinal 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 after intravascular iodine-based CM
administration.

Gadolinium-based contrast agents (GBCA) are only rarely used for gastrointestinal use in everyday practice.
These GBCA can be absorbed by gastro-intestinal mucosa in small amounts. Given the very low incidence of

hypersensitivity reactions to intravascular GBCA, the risk of hypersensitivity reactions is largely theoretical.

2. Urogenital administration

lodine-based contrast medlia are used for a variety of fluoroscopic urologic procedures such as cystography,
pyelography, nephrostomography, urinary diversions and neobladders, urodynamic examinations, or retrograde
urethrography.

As in gastro-intestinal applications, the urothelium can also absorb these CM in small amounts (Davis, 2015),
with a potentially higher rate if CM is injected under pressure or if drainage of CM is slow. Therefore, urologic
administration can elicit hypersensitivity reactions of variable severity (Weese, 1993; Miller, 1995), even
breakthrough reactions (Armstrong, 2005). As shown by one large published series and selected case reports,
the incidence of reactions is low (Cartwright, 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 careers (Dai ,2018).

In hysterosalpingography the incidence of hypersensitivity reactions following use iodine-based CM is very low,
even after venous intravasation (Sanfilippo, 1978; Lindequist, 1991; La Fianza, 2005).

PDF aangemaakt op 21-07-2020 53/98



Federatie
Safe use of contrast media - part 2 Medisch
Specialisten

Gadolinium-based contrast agents are virtually never used directly for urogenital procedures and no data on
hypersensitivity is available.

3. Biliary system administration

lodine-based contrast medlia are mainly used during 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 iodine-based
CM. However, as shown in the largest published series, the incidence of hypersensitivity reactions during ERCP is
very low, even in high-risk patients (Dragonov, 2008; Trottier-Tellier, 2018).

Gadolinium-based contrast agents are virtually never used directly for biliary procedures and no data on
hypersensitivity is available.

4. Intra-articular administration
lodine-based contrast media are frequently used for arthrography, single/double-contrast CT arthrography or
to help guide needle placement in MR Arthrography.

The intra-articular contrast can be absorbed in small amounts by the synovium. Hypersensitivity reactions have
been described with severe reactions occurring in incidental patients (Newberg, 1985; Westesson, 1990; Hugo
lll, 1998). However, in two large surveys of 126,000 and 262,000 arthrograms the risk of hypersensitivity
reactions was low, and most reactions were mild (Newberg, 1985; Hugo I, 1998).

Gadolinium-based contrast agents are used for MR arthography in a very diluted amount (2 mmol/L or a 1:250
dilution).

Similar to iodine-based 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 non-existent (Schulte-
Altedorneburg, 2003).

5. Miscellaneous
lodine-based contrast media are or have been used for a number of miscellaneous procedures like (CT)
discography, sialography, et cetera.

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

Inleiding

There was few good data to structurally search and critically assess the literature on hypersensitivity reactions
after nonvascular contrast media (CM) administration, such as gastro-intestinal administration, urogenital
administration, intrabiliairy administration, and intra-articular administration.
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Therefore, the guideline committee decided that it was more appropriate to provide an expert-opinion review
of the available literature separately and to try to provide recommendations for practice.

Verantwoording

Laatst beoordeeld :24-06-2020
Laatst geautoriseerd : 24-06-2020

Voor de volledige verantwoording, evidence tabellen en eventuele aanverwante producten raadpleegt u de
Richtlijnendatabase.
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Nephrotoxicity of Gadolinium-Based Contrast Agents

Uitgangsvraag

How can PC-AKI be prevented after administration of Gadolinium-Based (Gd) Contrast Agents (GBCA)?

Subquestions:

1. Is administration of Gadolinium-Based (Gd) Contrast Agents (GBCA) associated with an increased risk of
post contrast acute kidney injury (PC-AKI) compared to placebo/unenhanced imaging?

2. Is there a difference in the risk of PC-AKI between high and low dosage of GBCA?

3. Is there a difference in the risk of PC-AKI between different GBCA?

Aanbeveling

Make an individual risk-benefit analysis with the patient’s requesting physician and nephrologist to ensure a strict
indication for gadolinium-enhanced MRI with linear GBCA in patients with eGFR < 30 ml/min/1.73m2.

Take optimal CM dosing based on patient weight into account in local dosing protocols for diagnostic MRI
examinations.

Do not use prophylactic measures to avoid the development of PC-AKI in high-risk patients
(eGFR<30ml/min/1.73m2) receiving GBCA intravenously at the appropriate dose.

Do not substitute ICM with GBCA in order to avoid PC-AKI in computed tomography and/or digital subtraction
angiography.

Overwegingen

Compared to the large amount of literature of the incidence and prevention of PC-AKI after administration of
lodine-based contrast media (ICM), little is known on this subject after administration of GBCA. In general, it is
said that GBCA are less nephrotoxic than ICM, and the above-described literature 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 fundamental difference. One mol of lodine atoms corresponds to 126.9g of |, 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/ml of Gd. When it comes to lodine, 0.5mmol/ml |, corresponds to 63mgl/ml. But ICM are usually used
in concentrations ranging from 300mg/ml - 400mg/ml, i.e. 2.36mmol/ml - 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
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attenuating | atoms per molecule and ICM dimers contain 6 attenuating | atoms per molecule. The combination
of more attenuating atoms per molecule and the difference in attenuation of Gd and | at different photon
energies, results in the fact that at 120 kVp CT, approximately 110mgl/ml monomer equally attenuates with
0.5mmol/ml Gd. At 80kVp CT, approximately 25mgl/ml monomer equally attenuates with 0.5mmol/ml| Gd
(Nyman 2002). For DSA a concentration of 60 to 80mg/ml | monomer, produces the same attenuation as
0.5mmol/I GBCA at commonly used 70-90 kVp range (Nyman, 2002).

Thus, in order to achieve the same amount of attenuation in CT with an ICM monomer 300mg/ml, a triple 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 a 4 - 5 times higher Gd 0.5mmol/ml dose. The above results show that
changing from ICM to GBCA in CT and DSA is not a 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 compared to ICM, and would not recommend substituting ICM 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 PC-AKI (Boyden, 2008).

As the dose to achieve significant enhancement for GBCA in MRl is much lower as in CT and DSA, itis not a
surprise that the small amount of available literature shows no indication of PC-AKI after the administration of
GBCA at the recommend standard dose of 0,1 mmol/kg.

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 disease states that a standard 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/1.73m? and patients on dialysis,
administration of GBCA should be considered individually (Schieda, 2019). Thus an individual risk-benefit
analysis with the patient’s requesting physician and nephrologist should be made to ensure a strict indication for
gadolinium-enhanced MRI with linear agents in patients with eGFR < 30 ml/min/1.73m?2.

Inleiding

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.

Conclusies
Administration of macrocyclic gadolinium-based contrast agents does not seem to be
Very low associated with an increased risk of PC-AKI.
GRADE
Sources: (Deray, 2013; Kroencke 2001; Tombach 2001; Tombach 2002)
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Administration of linear gadolinium-based contrast agents does not seem to be associated
with an increased risk of PC-AKI.

Very low
GRADE ) .
Sources: (Broome 2007; Deray, 2013; Gok Oguz, 2013; Kittner 2007; Naito 2017;
Townsend, 2000; Trivedi, 2009)
It is unknown whether administration of macrocyclic gadolinium-based contrast agents is
Very low associated with an increased requirement of dialysis.
GRADE
Source: (Deray, 2013)
It is unknown whether administration of linear gadolinium-based contrast agents is
Very low associated with an increased requirement of dialysis.
GRADE

Source: (Townsend, 2000)

There seems to be no dose-response association between macrocyclic gadolinium-based
Very low contrast agents and PC-AKI.

GRADE
Sources: (Kroencke, 2001; Tombach, 2001; Tombach, 2000)

There seems to be no dose-response association between gadolinium-based contrast
Very low agents and PC-AKI.

GRADE
Sources: (Broome 2007, Kittner 2007)
It is unknown whether there is a difference in the risk of PC-AKI between different gadolinium
Very low based contrast agents
GRADE

Source: (Naito, 2017)

Samenvatting literatuur

1. Gadolinium- Based Contrast Agents versus placebo/unenhanced imaging

Macrocyclic GBCA

Deray (2013) describe a prospective multicentre non-randomized study, comparing the renal safety of Gd-
DOTA (macrocyclic GBCA) enhanced MRI with non-enhanced MRl in 114 patients with eGFR 15 - 60
ml/min/1.73 m2(Deray, 2013).Gd-DOTA was injected intravenously by a power injector at a dose of 0.1
mmol/kg. PC-AKl was defined as an increase in SC of at least 25% or 44.2mmol/kg above the baseline value.

Serum creatinine levels were measured 72+24 hours after the MRI.

Linear GBCA
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In a randomized controlled trial by Townsend (2000) 32 patients were included. They were divided into 2
categories, eGFR 30-60 (group 1) and eGFR 10 to 29 ml/min/1.73m? (group 2) (Townsend, 2000). Patients in
both groups were randomized to be infused with either Gd-BOPTA (linear GBCA) or saline, both at a dose of
0.2 mmol/kg. Both groups maintained saline infusion after the initial bolus and received a total of 250-300 ml
saline. No MRI took place after the injection. PC-AKIl was defined as an increase in serum creatinine (SC) > 44,2
pmol/l above the baseline 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 Oguz (2013) describes 144 patients with 1 or more risk factors for AKl (advanced age (> 75 years), diabetes
mellitus, chronic kidney disease, congestive heart failure, using other nephrotoxins, and hypotension) in a
prospective case-control study (Gok Oguz, 2013). Patients were divided into 2 groups, but the article does not
state clearly what the criteria are to be included in either one of the groups. All 72 patients (mean eGFR 36
ml/min/1.73m?2) in group 1 received intravenous injection with Gd-DTPA (linear GBCA), whereas all 72 patients
(mean eGFR 39 ml/min/1.73m?2) in group 2 received no Gd contrast. PC-AKl was defined as an increase of SC
of at least 26.4 pmol/l or > 50% from baseline. Before the MRl and at 6 h, 24 h, 72 h, and 168 h after the MR,
SC was measured.

Trivedi (2009) describe a retrospective study that included 162 patients who underwent MRI with gadodiamide
(linear GBCA) and 125 controls that underwent unenhanced MRI (Trivedi, 2009). Patients were included when
SC measurements were available during 7 days preceding MRl and 48 to 72 hours after MRI. Baseline eGFR was
103.1 +/- 49.5 ml/min/1.73m? in the group receiving Gd and 103.4 +/- 48.4 ml/min/1.73m? in the control
group. PC-AKl was defined as SC >44.2 micromol/| compared to baseline.

Results

Outcome Post-Contrast Acute Kidney Injury (PC-AKi)

Four studies (Townsend, 2000, Deray, 2013, Gok Oguz, 2013 and Trivedi, 2009) reported on the incidence of
PC-AKI after administration of GBCA. Due to the heterogeneity in study designs the results were not pooled.

Macrocyclic GBCA
Deray (2013) reported PC-AKI in one patient after injection with macrocyclic Gd-DOTA (1.4%).

Linear GBCA

There were no cases of PC-AKIl in the studies Gok Oguz (2013), Townsend (2000) and Trivedi (2015) using a
variety of linear GBCA.

Quality of evidence

The quality of certainty of evidence was 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 the requirement of dialysis after administration of GBCA. Both studies (T ownsend,
2003 (linear GBCA) and Deray, 2013 (Macrocyclic GBCA)) reported that no subjects required dialysis.

Quality of evidence
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The quality of certainty of evidence was graded as very 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 Gadolinium-Based Contrast Agents

Macrocyclic GBCA

Kroencke (2001) randomized 94 patients with suspected abnormality of the abdominal aorta or renal arteries to
MR angiography after the IV injection of one of four doses of gadobenate dimeglumine (0.025, 0.05, 0.1, and
0.2 mmol/kg of body weight), a macrocyclic GBCA (Kroencke, 2001). SC was obtained pre-dose and at the 24-
hr follow-up examination.

Tombach (2001) describe 21 patients in a randomized controlled, open-label trial. Patients were classified into
two subgroups according to their creatinine clearance: group 1 (n=12), eGFR 30 to 80 ml/min/1.73m? and
group 2 (n=9), eGFR<30 ml/min/1.73m2(T ombach, 2001). Then, patients were randomly assigned to receive
the higher dose of 0.3 mmol/kg of the macrocyclic GBCA gadobutrol (group 1, n=6/12; group 2, n=4/9) or the
lower dose of gadobutrol of 0.1 mmol/kg (group 1, n=6/12; group 2,n=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) or 120 hours (group 2) after intravenous injection of gadobutrol.

Tombach (2002) enrolled 11 patients with end-stage renal failure who required haemodialysis treatment
(Tombach, 2002). Purpose of the study was to assess the safety and dialysability of gadobutrol. Gadobutrol (1
mol/L) was injected intravenously at randomly assigned doses of either 0.3 or 0.1 mmol of gadolinium per
kilogram of body weight for contrast-enhanced 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, respectively) (Kittner, 2007).Safety of gadodiamide was
monitored by comparing the data of 12-lead 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 studied the dialysis and MRI records (Broome, 2007). One hundred eighty six
dialysis patients underwent 559 MRI exams; including 301 Gd enhanced MRI between 2000 and 2006. The
linear GBCA gadodiamide was the sole Gd chelate used in either 0.1 mmol/kg or 0.2 mmol/kg.

Results

Outcome Post-Contrast Acute Kidney Injury (PC-AKi)

Five studies reported on the incidence of PC-AKI (Kroencke, 2001; Tombach, 2001, Tombach, 2002, Kittner,
2007 and Broome 2007). All five studies reported no cases of PC-AKI, using either linear or macrocyclic GBCA.

Quality of evidence
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The quality of certainty of evidence was graded as very low due to high risk of bias (see Table Risk of Bias
assessment, downgraded by one point) and the low number of patients (imprecision downgraded by two
points).

No studies reported on the outcomes dialysis and mortality.

3. Nephrotoxicity of different gadolinium-based contrast agents
One study investigated the difference in nephrotoxicity between different gadolinium-based contrast agents.

Naito (2017) describes a prospective randomized study including 102 patients that were randomized to either
receive 0.1 mmol/kg gadodiamide (linear GBCA) or 0.1 mmol/kg Gd-DTPA (linear GBCA) (Naito, 2017). eGFR
in the gadodiamide group was 90.5 +/- 19.5 ml/min/1.73m? and 94.1 +/- 26.4 ml/min/1.73m? in the Gd-DTPA
group. SC was measured 16-80 hour after the procedure. PC-AKI was defined as SC > 44.2 micromol/l or >
30% above baseline.

Results
Outcome Post-Contrast Acute Kidney Injury (PC-AK])
In both groups, no PC-AKI occurred.

Quality of evidence

The quality of certainty of evidence was graded as very low due to high risk of bias (see Table Risk of Bias
assessment, downgraded by one point) and the low number of patients (imprecision downgraded by two
points).

No studies reported on the outcomes: dialysis and mortality.

Zoeken en selecteren

To answer our clinical question a systematic literature analysis was performed.

P (Patient): patients who received Gadolinium-Based Contrast Agents (GBCA);

I (Intervention): gadolinium based contrast agents, gadoterate meglumine, gadodiamide, gadobenate
dimeglumine, gadopentetate dimeglumine, gadoteridol, gadoversetamide, gadobutrol;

C (Comparison): no GBCA or another type of GBCA, gadoterate 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 decision-making process.

The working group did not define the criteria for the outcomes a priori, but used the outcomes as defined 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 outcomes
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(GRADE handbook, web-link in references).

Methods

The databases Medline (OVID), Embase and the Cochrane Library were searched from 15t of January 1996 to
March 2018 using relevant search terms for systematic reviews (SRs), randomized controlled trials (RCTs) and
observational studies (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 for subquestion 3. Reasons for exclusion are reported in exclusion
table (under the Tab “exclusion table”). The most relevant study characteristics of the included studies can be
found in the evidence tables.

Verantwoording

Laatst beoordeeld :24-06-2020
Laatst geautoriseerd : 24-06-2020

Voor de volledige verantwoording, evidence tabellen en eventuele aanverwante producten raadpleegt u de
Richtlijnendatabase.
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Risk Factors and Prevention of NSF
Uitgangsvraag

a. Which patients are at-risk for Nephrogenic Systemic Fibrosis (NSF)?
b. Which measures are necessary to prevent Nephrogenic systemic fibrosis?

Aanbeveling

Use low-risk (ionic and non-ionic) macrocyclic GBCAs for medical imaging in all patients. Linear GBCAs have
been associated with NSF, therefore, consider linear agents only if a macrocyclic agents cannot answer the
diagnostic question.

Make an individual risk-benefit analysis with the patient’s requesting physician and nephrologist to ensure a strict
indication for gadolinium-enhanced MRl using linear agents in patients with eGFR < 30 ml/min/1.73m?.

For prevention of NSF in patients who are already dependent on haemodialysis or peritoneal dialysis, the
administration of macrocyclic GBCA does not have to be followed by an immediate haemodialysis session.

To limit the amount of circulating GBCA, in hemodialysis patients the administration of linear GBCA should be
followed immediately by a (high-flux) haemodialysis session, which is repeated on the following two days.

In predialysis patients (€GFR<15 ml/min/1.73m?) and peritoneal dialysis patients, the risk of NSF due to linear
GBCA should be weighed against the risk of placement of a temporary haemodialysis catheter.

Overwegingen

Prevalence and risk of NSF and type of GBCA

The majority of histology proven NSF cases has been described between 1997 and 2007, which largely
consisted of cases with a temporal relation with high dose linear gadolinium-based contrast agent (GBCA)
administrations (Attari, 2019). Several meta-analysis have shown a positive correlation between GBCA and NSF,
predominantly 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 ligand (Khawaja, 2015).

In a risk-factor analysis of 370 biopsy-proven published NSF cases following use of linear GBCA it was
concluded that reductions in risk may be attained with: 1) avoiding high doses of GBCA (> 0.1 mmol/kg); 2)
avoiding nonionic linear GBCA in patients undergoing dialysis and patients with eGFR < 30 ml/min/1.73m?,
especially in the setting of pro-inflammatory conditions; 3) dialyzing quickly after GBCA administration for
patients already on dialysis; and 4) avoiding GBCA in acute renal failure (Zou, 2011).

By combining pharmacovigilance (Food and Drug Administration Adverse Event Reporting System (FAERS)) and

legal databases, a total of 382 biopsy-proven, product-specific cases of NSF were analysed. Of these, 279
cases were unconfounded and all involved a linear GBCA, nonionic more than ionic, and most frequently
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gadodiamide. No unconfounded cases were found for gadoteridol or gadobenate (Edwards, 2014).

A very recent study based on a legal database containing biopsy-proven, unconfounded NSF 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 for the linear non-ionic 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 kinetic stability 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 gadoteridol 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, 2014), or 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 diseases that are awaiting or

undergoing liver transplantation are no longer consider to be an independent risk factor for NSF (Smorodinsky,
2015).

On March 17, 2016, the European Medicines Agency (EMA) initiated a review of the risk of gadolinium
deposition in brain tissue following the repeated use of GBCAs in patients undergoing contrast-enhanced MRI
scans. Following an in-depth 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 EU Member 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). See Table 1 for overview of GBCAs and
recommendations of the EMA.

Table 1 Overview of available GBCAs and the EMA recommendation (Dekkers, 2018)

Gadopentetate
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Gadoteridol

Gadobutrol

Considering these new regulations, previous perceived risks for NSF based on linear GBCAs should be
differentiated from the risks that apply to macrocyclic 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/1.73m?
and patients on dialysis.

Haemodialysis to prevent NSF

Several studies have been performed to investigate the dialysability of GBCAs. These studies have shown that a
single haemodialysis session can remove around 65-97% of circulating GBCA, whereby success depends on
dialysis technique (high flux, large pore membranes (Ueda 1999)). Approximately 98% is eliminated after three
consecutive dialysis sessions (Joffe 1998; Tombach 2002; Gheuens 2014). Based on these data, early
haemodialysis would be an effective treatment for preventing NSF. However, this hasn't been proven. For
example, a retrospective chart review described ten haemodialysis patients who developed NSF after
administration of GBCA. In none of these patients, immediate haemodialysis after injection with GBCA could
prevent NSF (Broome 2007).

Based on 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 not effectively remove gadolinium (Rodby 2018). However, instituting haemodialysis in a
peritoneal dialysis patient without a functioning vascular access goes with a significant risk, as it is an invasive
treatment that requires placement of a temporary haemodialysis catheter. The same accounts for predialysis
patients (eGFR<15 ml/min/1.73m?2).
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Inleiding

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 to scleromyxedema-like
cutaneous manifestations and mortality. Since there is currently no consistently effective treatment, NSF
prevention would be essential, 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 contrast agents (GBCA) 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 NSF (Thomsen, 2016).
However, this association may be affected by other factors or cofactors, such as dosage or type of GBCA,
dialysis modality, renal disease severity, liver transplantation, chronic inflammation, or accelerated

atherosclerosis.

Prevention of NSF

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 the risk of post-contrast acute kidney injury (see Module 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 incidence. Reports are 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.

Conclusies
There seems to be no association between co-morbidities (history of hypothyroidism or
Very low .deep .venous th!’omlf)osis, .ar'1d d?pendent oedema) and risk of nephrogenic systemic fibrosis
GRADE in patients on dialysis receiving linear GBCAs.
Source: (Kallen, 2008))

Samenvatting literatuur

Research question a: Risk factors for NSF

Studies that assessed risk factors related to administration of type and dose of gadolinium-based contrast
agents (GBCA) have been described in the module nephrotoxicity of gadolinium-based contrast agents. There
was 1 additional study included investigating other potential factors associated to NSF. Kallen (2008) performed
a matched case-control study (19 cases and 57 controls), however this study was restricted to linear GBCAs
only. Participants were dialysis patients with and without a diagnosis of NSF treated at an academic medical

centre.
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Results

Outcome- comorbidities

In a multivariate analysis Kallen (2008) found no association between NSF and selected exposures (history of
hypothyroidism (OR, 95% ClI: 4.18 0.66 to 26.57); history of deep venous thrombosis (OR, 95% Cl: 3.37 0.60-
18.85), and dependent oedema (OR, 95% ClI: 3.15 0.67 to 14.77).

Quality of evidence

The quality of certainty of evidence was downgraded 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).

Research question b: Prevention of NSF
Not applicable. There were no studies investigating the research question and meeting the selection criteria.

Zoeken en selecteren

Research question a: Risk factors for NSF
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 (Patient): 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: Patient-related, pre-existing 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, Diabetes Mellitus, type 1 or type 2, Congestive heart failure NYHA grade lll-IV, Dehydration,
Multimorbidity, Concurrent use of nephrotoxic medications: NSAIDs, Cox-2 inhibitors, ACE-inhibitor, ARB-
blocker, other Dialysis modality (Peritoneal or 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, scleroderma, dialysis-associated 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 from January 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
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GBCAs was included in the literature summary. No studies were identified involving macrocyclic GBCAs, which
are currently the only agents available in the European market.

Research guestion b: Prevention of NSF

To answer the clinical question a systematic literature analysis was performed for the search question: What is
the effect of the different measures to prevent nephrogenic systemic fibrosis in patients who have an increased
risk of developing nephrogenic systemic fibrosis and who receive contrast with gadolinium?

P (Patient): patients exposed to gadolinium-based 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 considered Nephrogenic systemic fibrosis (NSF) and mortality as critical outcome measures

for the decision making process.

Methods

The databases Medline (OVID) and Embase were searched from January 1996 till March 23th 2018 using
relevant search terms for systematic reviews (SRs), randomized controlled trials (RCTs) and observational
studies (OBS).

The literature search procured 142 hits. 7 SR, 10 RCTs, 43 OBS, and 82 other types of studies. Based on title
and 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.

Verantwoording

Laatst beoordeeld :24-06-2020
Laatst geautoriseerd : 24-06-2020

Voor de volledige verantwoording, evidence tabellen en eventuele aanverwante producten raadpleegt u de
Richtlijnendatabase.
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Gadolinium Deposition in the Body and T1w Hyperintensity in the Brain

Uitgangsvraag

What is the clinical relevance of gadolinium-based contrast agent (GBCA) induced T 1w hyperintensity of the
nucleus dentatus and the globus pallidus in the brain?

Aanbeveling

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

Overwegingen

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 Gadolinium-Based Contrast Agents.

Increased Sl due to Gd deposition

Two autopsy studies, both published in 2015, showed that the increased Sl on T1-weighted sequences (T 1w) in
the dentate nucleus and globus pallidus was indeed due to the presence of retained Gd (Kanda, 2015;
McDonald, 2015). The majority of the Gd was localized in the perivascular spaces (4), whereas a much smaller
fraction crossed the blood-brain barrier and was situated in the neural interstitium and cellular organelles
(Fingerhut, 2018; McDonald 2015; McDonald, 2017_1; McDonald, 2017_2).

Difference between linear and macrocyclic chelates

Subsequent studies confirmed progressive T1 Slincreases after intravenous administration of linear GBCA
(Errante, 2014; Kanda, 2015_1; Radbruch, 2015; Ramalho, 2015; Quattrocchi, 2015; Quattrocchi, 2015_1). The
majority of the publications do not show dose-dependent changes in T 1w Sl after macrocyclic GBCA exposure
(Cao, 2016; Kanda, 2015_1; Kromrey, 2017; Radbruch, 2017; Ramalho, 2015; Quattrocchi, 2015_1; Tibussek,
2017). Others report a weak T 1w Sl increase after administration of macrocyclic GBCA (Bjornerud, 2017; Kang,
2018; Rossi, 2017; Spelndiani, 2018; Stojanov, 2016;). A study of human brain tissue demonstrated measurable
Gd after single dose intravenous administration of both linear and macrocyclic chelates (Murata, 2016).
Significant less Gd retention was observed after macrocyclic chelate exposure, compared to linear chelate
exposure (Murata, 2016).

These results led to a European Medicines Agency (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 deposition
(EMA's final opinion confirms restrictions on use of linear gadolinium agents in body scans, 2019). Only the liver
specific linear GBCA gadoxetate and gadobenate are allowed to be used in these situations where they meet a
specific diagnostic need (EMA’s final opinion confirms restrictions on use of linear GBCA in body scans, 2017).

Gd deposition 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, 2004; Murata, 2016; Sanyal,
2011).
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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 energy. In 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 reactions within this system occur very slowly. In general, macrocyclic GBCA have higher
thermodynamic and kinetic stability constants and are therefore more stable than linear Gd chelates and
therefore release less amount of Gd3* out of the chelate (McDonald, 2018). Very little is known about the fate of
free Gd3* within the human body, and how biologically active and potentially toxic chemical forms of retained
Gd in tissues are formed (McDonald, 2018). After intravenous injection in patients with normal kidney function,
73% to 99% of the dose is excreted within 24 hours after injection. Biodistribution data of GBCA suggest the
presence of a longer lasting phase of residual excretion from other tissues, from which Gd is slowly eliminated
(McDonald, 2018). The potential toxicities of this small pool of retained Gd are largely unknown (McDonald,
2018).

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 chronic pain, fatigue,
dermal changes, musculoskeletal disturbances, cognitive impairment, and visual impairment (Burke, 2016). An
association between these symptoms and Gd chelate exposure has been postulated and the term “gadolinium
deposition disease” has been proposed (Semelka, 2016). The Food 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 exposed patients (McDonald, 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 deposition adversely affects the function of human tissues, b) if
deposition is causally associated with short- or long-term clinical manifestations of disease and c) if vulnerable
populations are at greater risk for developing clinical disease (McDonald, 2018).

Inleiding

In 2014, Kanda observed progressive unenhanced T 1-weighted (T 1w) signal intensity (S) increases in the dentate
nucleus and globus pallidus in patients who received at least 6 doses of Gadolinium (Gd) chelates (Kanda,
2014). This publication triggered a huge amount of research on this subject, which is 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 will be discussed.

Samenvatting literatuur

Not Applicable.
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Zoeken en selecteren

To answer our clinical question a systematic literature analysis was performed. This was an orientatational
search, to examine the clinical relevance of the T 1w hyperintensity of the nucleus dentatus and the globus
pallidus.

P (Patient): patients who have repeatedly received gadolinium-based contrast agents and have signs of
gadolinium retention such as T1w hyperintensity of the nucleus dentatus and the globus pallidus, but also
gadolinium retention in the bones, liver and skin;

I (Intervention): not applicable;

C (Comparison): not applicable;

O (Outcomes): signal intensity, signal increase, hyperintensity, hypersignal. Central torso and peripheral arm and
leg pain. Distal arm and leg skin thickening. Rubbery subcutaneous tissues. Clouded mentation or brain fog.

Relevance of outcome measures

Signal intensity, signal increase, hyperintensity, hypersignal were considered critical outcomes and central torso,
peripheral arm and leg pain, distal arm and leg skin thickening and rubbery subcutaneous tissues and clouded
mentation or brain fog were considered important outcome measures.

Methods

The databases Medline (OVID), Embase and the Cochrane Library were searched from 15t of January 1996 to
11t of November 2018 using relevant search terms for systematic reviews (SRs), randomized controlled trials
(RCTs) and observational studies (OBS).

The literature search produced 722 hits. A total of 99 abstracts were selected. When the full texts were
examined, none of them fulfilled the selection 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.

Verantwoording

Laatst beoordeeld :24-06-2020
Laatst geautoriseerd : 24-06-2020

Voor de volledige verantwoording, evidence tabellen en eventuele aanverwante producten raadpleegt u de
Richtlijnendatabase.
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Safe use of Central Venous Catheters, Haemodialysis Catheters, Peripherally
Inserted Central Catheters, and Totally Implantable Venous Access Devices for
contrast administration using power injectors

Uitgangsvraag

How can central venous catheters (CVC), haemodialysis 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 high-
quality images?

Aanbeveling

Note: High quality of imaging is generally needed for low-contrast situations, such as in staging studies in brain,
head & neck, hepatobiliary, genitourinary or colorectal imaging. Lower quality may be acceptable for high-
contrast situations such as in follow-up studies of lymph nodes (lymphoma, testicular cancer) or in pulmonary or
musculoskeletal imaging.

Use a power injector and a perjpheral venous access catheter for IV contrast medlia administration to obtain the
best level of quality of contrast-enhanced imaging, especially in low-contrast situations (see Note).

When a peripheral venous catheter is unavailable: Check the position of the CVC, TIVAD, or PICC line and its
patency before and after the power-injected contrast administration.

Power-injectable central venous catheters may be safely used for administration of CM using a power injector,
when recommendations of the catheter manufacturer are followed.

Power-injectable haemodialysis catheters may be safely used for administration of CM using a power injector,
when recommendations of the catheter manufacturer are followed.

Especially in haemodialysis patients, vein preservation should weigh heavily in the choice of access for CM
administration. When the use of a peripheral vein for contrast administration in haemodialysis patients is
inevitable, the veins in the elbow fold should be used as much as possible. If this is impossible, veins on the back
of the hand or the use of dialysis fistula for contrast administration should be considered in consultation with a
nephrologist.

There is a risk of catheter tip migration of PICCs and TIVADs when CM is injected via a power injector in
patients with a catheter tip position above the tracheobronchial angle.

When a power-injectable PICC or TIVAD is used for CM administration, check the position of the catheter tip
with DX, CT or fluoroscopy before and after power-injection of CM.
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When a power-injectable CVC, HC, PICC or TIVAD is used for CM administration with a power injector, check
the patency of the catheter after the procedure by manual flush of 20ml normal saline.

When a power-injectable HC is used for CM administration, immediately after power-injection a patient-specific
lock solution should be installed by a certified dialysis nurse.

See the Appendix for recommendations on flow rates and injection pressures for a large number of
commercially available CVCs, HCs, PICCs, and TIVADs in The Netherlands.

Also see the flowcharts.

Overwegingen

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 proper and safe 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, catheter weakening, and loss of 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 beneficial to keep
injection pressures as low as possible (Macha, 2009; Kok, 2014).

There are 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 peripheral venous access catheters, however there
seems to be a difference in the level of the contrast enhancement of large vessels, which affects the image
quality in favour of a peripheral venous access. A short peripheral IV catheter in the antecubital or forearm is
therefore the preferred route 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 limits of 25 psi (175 kPa).

In an in vitro study with a 3-lumen 16G (4.9F) Arrow CVC, a significant safety margin was shown for CVCs, with
bursting pressures depending on catheter dwell time, 262 PS| for new and 213 PSI for used catheters. Lowest
flow rate associated with bursting was 9 ml/s. Ruptures occurred always outside the patient (Macha, 2009).
Similar high bursting pressures were seen in other studies. A study using 3-lumen 16G CVCs showed pressure
to be above 175 PSI, whereas high flow injections 4,5 to 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 of vascular access devices when they are used with power injectors, the FDA long
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ago has already issued recommendations (FDA, 2004).
Users of central vascular access devices should:

1. Check the labelling of 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.

2. Know the pressure limit setting for your power injector and how to adjust it.

3. Ensure that the pressure limit set for the power injector does not exceed the maximum labelled pressure
for the vascular access device(s).

Haemodialysis Catheters (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, haemodialysis catheters have larger diameters than other venous catheters. An in vitro study on
cuffed and non-cuffed catheters for haemodialysis showed 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, small calibre connection 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 inserted 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 mechanical obstruction such as a clamped
port or kinking of the 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 CT scout/scanogram radiograph before and after
power injection during CT, and to check patency of the catheter after CM injection.

T otally Implantable Venous Access Devices (TIVAD)

A retrospective analysis of TIVADs with silicone catheters showed a 3.4% rate of complications (Busch 2012;
Busch, 2017). Newer power-injectable 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 TIVADs, mainly because 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.

The GAVeCelT group formulated already in 2011 recommendations to prevent complications with TIVADs and
recommends only using systems specifically suitable for power injection with adequate check of catheter

position (Bonciarelli, 2011.
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A Canadian study on CT image quality showed that contrast injection via a CVC or port system has equivalent
image quality when compared to conventional peripheral intravenous injection technique. (Haggag, 2016)

Inleiding

Power injection of contrast through CVCs, HCs, PICCs, and TIVADs holds a risk for device failure and secondary
contrast extravasation. The exact method how to "power-inject" with respect to applied pressure limitations
remains part of local practice guidelines combined with the central catheter line manufacturer's instructions.

Conclusies

The frequency of complications following contrast injection via CVCs, without safety protocols,
Very Low |varies from 0,6% to 15,4% across studies.

GRADE
Sources: (Coyle, 2004; Goltz, 2011; Herts, 2001, Lozano, 2012; Morden, 2014)

It seems that contrast injections via CVCs are a safe alternative to peripheral injection if safety
Very Low |protocols are followed.

GRADE
Sources: (Coyle, 2004, Goltz, 2011; Herts, 2001, Lozano, 2012; Morden, 2014)

There were no complications reported following contrast injection via CVCs when strict safety
Very Low |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 before injecting contrast media, localizing the

Very Low |CVC before and after injection, making sure no kinking of the CVC and attached lines occurs,
GRADE using sterile syringes, and making sure the CVC is patent after scanning.

Sources: (Macht 2012 and Sanelli 2004)

It is unknown whether contrast injections via CVCs result in successful contrast media
Very Low |examination as quality of scans varies among studies.
GRADE

Sources: (Coyle, 2004; Goltz, 2011 and Herts, 2001)
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It seems that power injectable PICCs positioned in the proximal SVC (cephalic to

tracheobronchial angle) before contrast administration had a higher risk of displacement

Very low. |compared to catheters positioned in the distal SVC (caudal to tracheobronchial angle) before
GRADE contrast administration.

Source: (Lozano, 2012)

Samenvatting literatuur

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 built by linking two content areas:
‘central catheter’ and ‘contrast enhanced’ with relevant synonyms for both areas. Publications were selected,
describing original research on the use of CVCs for contrast administration for CT-scans focusing on safety,
efficacy, and complications. Exclusion criteria included: no full-text available, 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 for full-text selection. Studies were classified as having low risk of 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 bias. (See risk of bias assessment). Frequencies of complications were
extracted from the selected studies were tabulated and presented as percentages. Data on quality of images
was extracted where applicable. Twenty-three articles were considered eligible for answering the research
question after selection based on title and abstract. Seventeen articles were excluded during full text screening.
During cross-referencing, one study was included missed by the initial search (Carlson, 1992; Goltz, 2011).
Eventually, eight studies were included for critical appraisal (Coyle, 2004; Goltz, 2011; Herts, 2001; Lozano,
2012; Macht, 2012; Morden, 2014; Sanelli, 2004). Carlson (1992) evaluated the system pressure in thirteen
patients with a Port-A-Cath. The pressure measurement was not standardized: five patients’ injection pressures
were measured with a pressure gauge that was placed in-line during injection and eight patients’ injection
pressures were not. The lack of standardization and limited relevance led to the exclusion of this study. Finally,
seven studies were included for further analysis (Coyle, 2004; Goltz, 2011; Herts, 2001; Lozano, 2012; Macht,
2012; Morden, 2014; Sanelli, 2004). Table 1 presents study characteristics and main outcome measures on
safety and image quality. Individual outcome measures among studies on safety and efficacy are described
separately.

Table 1 Study characteristics and main findings for complications and image quality

Study |N Study Type Injection rate and Safety Image quality
(year) catheter peak pressure

Central Venous Catheters

Herts, |174 RCT 117 port- CVC: 1.5-2 ml/s, 1(0.6%) CVC |Less contrast
2001  |versus. 51 type, 41 3L, |pressure cut-off 100 psi|no longer enhancement in
peripheral 10 DL, 6 Peripheral: 2.5-3 mL/s, |patent1 positive|thoracic aorta,
unknown pressure cut-off 300 psi|blood culture  |pulmonary artery,

liver in CVC group
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Macht, |104 Retrospective|Distal 16G 3L: 4.4+ 0.5 ml/s; No -
2012 lumen of 200.7 £ 17.5 psi5L: 4.6 |complications
Arrow multi- |£ 0.6 mL/s; 1945+ 6.5
lumen psi
(3L, 5L)
Sanelli, [104 Prospective |Arrow multi- |3 mL/s (n =15); 4 mL/s [13/60 (21,7%) |-
2004 lumen (n=8); 4 mL/s (n=79); |blood cultures
CVC (n = 89) |5 mL/s (n = 2) Pressure |positive during
Percutaneous | limit 300 psi; 5/43 ICU course
sheaths UV (n|pressure-limited (306—
=15) 316 psi)
Peripherally Inserted Catheters
Coyle, (110 Prospective |12 SL5F 1-2ml/s(n=28), 2 2(1.8%) 81 average; 23
2004 PICC 98 DL |mL/s (n =89), 2-3 mL/s |ruptured 1 above average; 6
5F PICC (n=9),4mlL/s (n=4) |balloon (DL, 4 |below average
SL: 16-79 psi, DL: 40- |mL/s)
135 psi.
Lozano, |78 Prospective |Power Mean injection rate 4.13 |12/78 (15.4%) |-
2012 injectable + 0.855 mL/s (range 3 |dislocation
PICC 5); pressure limit 300 psi
(4-6F, SL/DL)
Morden,|243 high |Retrospective| CT-PICC (4- |Injection rates 2-5 mL/s |20/243 (8.2%) |-
2014  |rate 6F, SI/ Pressure limit 300 psi  |displaced
versus. DL/3L) versus. 3/138
138 rate (2.2%)
increase
Totally Implantable Venous Access Devices
Goltz, [141 Retrospective| 141 TIVAP | TIVAP: Max 1.5ml/s; |1 (0.7%) 31/44 (70.4%)
2011 versus. forearm mean pressure dislocation with |trigger threshold
50 121.9+24.1 psi rupture3 (2.1%) |not reached
peripheral Peripheral: 3 mL/s, suspected Significant higher
catheter pressure limit 300 psi  |systemic aortic contrast via
infection <4 peripheral catheter
weeks

Legend: CVC =central venous catheter, SL=single lumen, F= French, PICC= peripherally inserted
central catheter, DL= double lumen, TIVAP= totally implantable venous access port, 3L= triple-
lumen, G= gauge, 5L= quintuple-lumen, IJV=inferior jugular vein, ICU= intensive care unit.

Results

1. Complications following contrast injection via central catheters
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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 complications were found. 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. Macht (2012) and 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 the
catheter 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 caused by 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 power-injectable PICC (PI-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%) PI-PICC tips changed in position after injection of contrast medium. Seven displaced
toward the brachiocephalic veins. They found that PI-PICCs 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 to 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%Cl= (0,026; 0,487);
p= 0.006).

Morden (2014) evaluated a rate increase technique of the saline flush after contrast injection via power-injectable
PICCs (PI-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 PI-PICC tip displacement (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%) catheter tips were suspected of a
systemic infection 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 level of enhancement 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 abdominal aorta.

Totally Implantable Venous Access Devices (TIVAD)
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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 cases and 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, manual initialization 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 initiation resulted in significantly higher contrast in the aorta compared to manual scan initiation
(163 HU versus 144 HU, p =0.039).

Quality of evidence
The quality of certainty of evidence was 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)

and lack of studies where a control group was present.

Zoeken en selecteren

A systematic literature analysis was performed to answer the research question: How can central venous
catheters (CVC), haemodialysis 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 high-quality images?

P (Patient): patients with central venous catheters (CVCs) or Peripheral inserted central catheters (PICCs) and an
indication for administration of iodine-based contrast for performing computed tomography examinations;

I (Intervention): non-tunneled central venous catheters (CVCs), tunneled CVCs, implantable ports, peripherally
inserted central catheters (PICC).

C (Comparison): normal Venflon, normal peripheral infusion;

O (Outcomes): failure contrast media examination, contrast extravasation, failure of examination, damaged
CVCs or PICCs, complication rates, device failure, and device 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 define criteria for outcomes a priori, but used the outcomes as defined in
the studies.

Methods

The databases Medline (OVID), Embase and the Cochrane Library were searched from 15t of 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 at May 16t 2018.

The literature search produced 97 hits: 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 O articles were selected. Since there
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are no direct comparisons on the safety or efficacy of contrast injections via central venous catheters or
peripheral inserted central catheters (PICCs) versus normal infusion, literature has been described in a
descriptive manner. The SR of Buijs, 2017 was selected and covers the literature on efficacy and safety of
contrast injection via central venous catheters for contrast enhanced computed tomography until September
10t 2016. This study was used as key article for the literature review. Studies published after September 10t
2016, on efficacy and safety of contrast injection via central venous catheters or peripheral inserted central
catheters were added.
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Optimal treatment of contrast medium extravasation
Uitgangsvraag

What is the optimal treatment in contrast media extravasation?
Aanbeveling

Consider the following treatment options for contrast extravasation:

Try to aspirate the extravasated contrast medium through an inserted needle.

Mark affected area.
Use compresses, for relieving pain at the injection site.

Use painkillers.
Elevate the affected extremity above the level of the heart.

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

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

e Any worsening of symptoms.

¢ Skin ulceration.

Development of any neurologic or circulatory symptoms, including paraesthesia’s.
Give the patient a patient information leaflet.

For severe extravasation injury:

e Consult a plastic surgeon.
« Notify the referring physician.

Overwegingen

The working group has based this protocol on expert opinions and international guidelines.
At the end of the recommendations suggestions for further reading are given.

Extravasations and injuries

One or more of the following signs or symptoms can develop: progressive swelling or pain, altered tissue
perfusion as evidenced by decreased capillary refill at any time after the extravasation has occurred, change in
sensation in the affected limb, and skin ulceration or blistering. It is important to note that initial symptoms of a
compartment syndrome may be relatively mild (such as limited to the development of focal paraesthesia).

Most extravasations result in minimal swelling or erythema, with no long-term sequelae.
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Few extravasations result in significant tissue damage, i.e. severe skin necrosis and ulceration. Compartment
syndrome may be seen associated with extravasation of large volumes and after extravasation of relatively
small volumes in less capacious areas.

Extravasation can occur during hand or power injection.

The risk of extravasation is much less with GBCA injections.

Risk factors

Location of extravasation:

Less capacious areas (such as over the ventral or dorsal surfaces of the wrist) — higher risk
More capacious areas (such as upper arm) — lower risk

Volume of extravasation:
Large volume of contrast medium — higher risk

Inability to communicate:
Infants, young children, and unconscious and debilitated patients

Management

e Recognition of the extravasation, stop infusion of contrast media immediately.

o Try to aspirate the extravasated contrast medium through the inserted needle.

e Mark off affected area.

o Consultation of a radiologist.

e Surgical consultation (plastic surgeon) should be obtained whenever there is concern for a severe injury.
Alternative: consultation of a physician in the emergency department.

e Clear instructions should be given to the patient to be aware of alarming symptoms.

o Appropriate patient information leaflets should be available. One should consider having these available in
multiple languages.

o Appointments for follow up, if necessary.

e The referring physician should be notified.

e Record contrast extravasation and treatment in patient record (name, volume, concentration, area, clinical
findings).

e Record names of all professionals involved in the patient management in patient record.

e Report contrast extravasation as a complication in the local reporting system.

Treatment
Non-severe extravasation injury:

e Use of cold of warm compresses, helpful for relieving pain at the injection site.

e Use of cold compresses, mainly helpful for relieving pain at the injection site.

e Use of warm compresses, helpful in improving absorption of the extravasation as well as in improving
blood flow, particularly distal to the site.
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¢ Use of pain medication (analgesics).

o Elevation of the affected extremity above the level of the heart to decrease capillary hydrostatic pressure
and thereby promote resorption of extravasated fluid is recommended.

e Clear instructions should be given to the patient to seek additional medical care, should there be any
worsening of symptoms, skin ulceration, or the development of any neurologic or circulatory symptoms,
including paraesthesias.

Severe extravasation injury:

e Surgical consultation (plastic surgeon).
o Clear instructions should be given to the patient about the follow-up.

Inleiding

Extravasation of intravascular (intravenous or intra-arterial) injected contrast (hand or power injection) is a well-
recognized complication of contrast enhanced imaging studies (CT and MRI and US), angiography and
interventions. Currently the clinical consequences and most optimal management is a matter of debate.

Samenvatting literatuur

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

Zoeken en selecteren

To answer our clinical question a systematic literature analysis was performed.

P (Patient): patients with extravasation after intravascular contrast Administration;

I (Intervention): cContrast aspiration, cooling of area of contrast extravasation, fasciotomy, necrotectomie,
dilution, flushing with sterile water, application of ice, anti-inflammatory agents, corticosteroid, removal catheter,
elevation of the affected limb / extremity, cold compresses, Plastic Surgery Review, monitoring the patient,
surgical consultation;

C (Comparison): conservative treatment or comparison of interventions above;

O (Outcomes): rhabdomyolysis, tissue necrosis, long term injury / disability, compartment syndrome, pain,
swelling and ulceration.

Relevant outcome measures
The working group considered compartment syndrome, tissue necrosis, and permanent or long-term injury or
disability critical outcome measures for the decision making process, and location and volume of extravasation,

pain, swelling, ulceration important outcomes for the decision making process.

Methods

The databases Medline (OVID), Embase and the Cochrane Library were searched from 15t of January 1996 to
7th of February 2018 using relevant search terms for systematic reviews (SRs), randomized controlled trials
(RCTs) and observational studies (OBS).
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The literature search procured 480 hits: 1 SR, 41 RCTs and 438 OBS. Based on title and abstract a total of 22
studies were selected. After examination of full text a total of all studies were excluded and O studies definitely
included in the literature summary.

Verantwoording
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Organisation of health care for contrast media

Hospital-based protocols
Develop hospital-based protocols on the safe use of contrast media (CM) describing (preventive) measures,
workflow and responsibilities. Protocols should be available about The prevention of adverse reactions.

Treatment of adverse reactions.

Safety of gadolinium use.

Contrast media extravasation.

Safe use of catheters using power injectors.

A panel of various local experts should establish these protocols. The panel members will depend on the
specific protocol (including a nephrologist, a (plastic) surgeon, an internal medicine specialist, a pharmacologist,
a cardiologist, an allergology specialist and a radiologist). The referring physician is held responsible for
analysing and giving notice of the patient’s kidney function and hypersensitivity reactions to contrast media,
instructing about the patient’s medication, and the patient’s after-care. And for taking blood samples for
laboratory testing (tryptase levels) in case of moderate to severe hypersensitivity reactions to contrast media
and for referring the patient to an allergy specialist in case of moderate to severe hypersensitivity reactions to
contrast media. The physician responsible for the procedure should take the decision about contrast
administration. Make agreements with the allergy specialist about the procedure for referral and testing for
contrast media allergy.

Actions can be delegated to others according to local rules and protocols.

Hypersensitivity reactions to contrast media and prevention

Have a description of preventive measures in patients with a previous allergic reaction, for outpatient and clinical
patients. Appropriate patient information leaflets should be available, about the procedure and about the
preventive measures. Including the instruction about not driving a car/motorcycle for 24 hours after
administration of clemastine.

Workflow and responsibilities
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Responsible person

Action and responsibility

Referring physician

Order procedure: contrast-enhanced CT, contrast-enhanced MRI or angiography
/ intervention

Inform patient about procedure

Assessment hypersensitivity reactions to contrast media

Mention previous hypersensitivity reactions in the order

Instruct patient about preventive measures

Record severe hypersensitivity reactions to contrast media in allergy registry of
the patient record

Record all severe drug (including contrast media) adverse reactions at the
National Pharmacovigilance Institute LAREB

Physician responsible for the
procedure -
Cardiologist/Radiologist/
Nuclear Medicine/
Radiotherapist

Check the order for the imaging examination/procedure

Check previous hypersensitivity reactions to contrast media

Determine examination protocol and the choice of intravascular contrast medium
Determine prophylactic medication

If there is disagreement about the examination order, consult the referring
physician

Order contrast medium and prophylaxis medication in patient record

Record and authorize CM safety alerts in patient record

Record all severe drug (including contrast media) adverse reactions at the
National Pharmacovigilance Institute LAREB

Physician responsible for the
procedure

Before and during examination/procedure:

Check hypersensitivity reactions and prophylactic medication

Check medication and contra-indications

Administration of prophylactic medication

Administration of contrast medium

Recording prophylactic medication and contrast administration in patient record
(name, concentration, volume)

Recording presence of any hypersensitivity symptoms

Treatment of acute hypersensitivity reactions to contrast media

Have a description of measures in patients with an acute hypersensitivity reaction. Appropriate patient
information leaflets should be available, including the instruction about not driving a car/motorcycle for 24 hours
after administration of clemastine.

Workflow and responsibilities
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Responsible person Action and responsibility

Management of department of the Drugs (minimum requirement), equipment and protocol available in every

Physician responsible for the room where contrast media are administered

procedure - Crash cart in every department where CM are administered
Cardiologist/Radiologist/Nuclear |Telephone number rapid response team available

Medicine/ Radiotherapist Organisation of regular training of personnel dealing with contrast media in

the management of hypersensitivity reactions to contrast media and other
emergency situations.

Physician responsible for the Check and stabilize patient
procedure - Stop infusing contrast media
Cardiologist/Radiologist/Nuclear |Act according to type of reaction
Medicine/ Radiotherapist If applicable, call rapid response team

Keep patient for at least 30 minutes after contrast agent injection in a
medical environment

After administration of clemastine, instruct the patient that is not
possible/safe to drive a car/motorcycle for 24 hours

Determine serum tryptase 1-2h after start of CM administration

Physician responsible for the Record contrast administration in patient record (name, concentration,
procedure volume) — see details below

Record moderate and severe hypersensitivity reactions to contrast media in
patient record (in allergy registry)

Referring physician Take blood samples for laboratory testing (tryptase levels) in case of
moderate to severe hypersensitivity reactions to contrast media

Refer patient to allergy specialist in case of moderate to severe
hypersensitivity reactions to contrast media AND elevated tryptase levels
Record name contrast medium in consult order

Allergy specialist Test contrast medium given to patient, which caused a hypersensitivity
reaction, and alternative contrast media

Gadolinium Safety

Have a description of the safety of macrocyclic and linear gadolinium-based contrast agents (GBCA),
nephrogenic systemic fibrosis (NSF), signs of gadolinium deposition, preventive measures and when to evaluate
kidney function. Use always macrocyclic GBCA. For liver MRl the use of intravenous linear GBCA is allowed,
because they are taken up in the liver and meet an important diagnostic need. For MR arthrography the use of
intra-articular linear GBCA is also allowed.

Workflow and responsibilities
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Responsible person Action and responsibility

Referring physician Order procedure: contrast-enhanced MRI
Check laboratory results for eGFR value or determine eGFR
If eGFR < 30 ml/min, be careful with gadolinium-based contrast agents

Physician responsible for |Check order procedure

the procedure - Check eGFR if available

Radiologist If eGFR < 30 ml/min consider indication

Re-examine the need for the use of contrast medium with respect to an unenhanced
study or other potential imaging modalities

If there is no agreement on indication consult referring physician

Physician responsible for |Before and during procedure:

the procedure - Check eGFR

Radiologist Check contra-indications

Administration of contrast agent

Recording contrast agent administration in patient record (name, volume,
concentration)

Contrast Media Extravasation
Have a description of measures in patients with extravasation of contrast media. Appropriate patient
information leaflets should be available.

Workflow and responsibilities

Responsible person Action and responsibility

Physician responsible for the Clinical assessment of CM extravasation

procedure - Treatment of non-severe extravasation injury
Cardiologist/Radiologist/Nuclear |If severe injury, consider a surgical consultation (if needed a plastic surgeon)
Medicine/ Radiotherapist Clear instructions to the patient to be aware of alarming symptoms

Record CM extravasation and treatment in patient record

Record contrast extravasation as a complication in the local reporting
system

Notify the referring physician

Contrast injection via central catheters and ports using power injectors

Have a description of the use of various catheters and ports applicable in the hospital, where use of power
injectors for contrast media is permitted.

Workflow and responsibilities
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Responsible person Action and responsibility

Management of department of the|A (digital) protocol should be available in every room where contrast media
Physician responsible for the are administered using power injectors

procedure -
Cardiologist/Radiologist/Nuclear
Medicine/ Radiotherapist

Exceptions:
Emergency patients/ procedures

In case of a major life-threatening medical condition, requiring rapid decision making including emergency
imaging or intervention, determination of the eGFR and assessment of hypersensitivity reactions to contrast
media can be postponed. If it is possible to wait a short time without harm to the patient, eGFR should be
determined immediately. And assessment of hypersensitivity reactions should be done. When indicated,
preventive measures should be taken before the administration of intravascular contrast medium.

Recording of hypersensitivity reactions to contrast media
Proper recording of any hypersensitivity reaction to CM is important, but the way of recording is not well
standardized and often insufficient (Balfour, 2015; Deng, 2019).

It is mandatory that the physician responsible for the administration of the CM accurately records the following:

e The contrast agent name, dose (volume, concentration), and time of administration in the imaging report
and in the electronic patient file.

e The patient symptoms (blood pressure, pulse, respiration rate, oxygen saturation, skin abnormalities), the
treatment given, and the response of the patient to the treatment in the imaging report and in the
electronic patient file.

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

¢ Any results of consultation with a drug allergy specialist on future CM administration in the electronic
patient file.

o All details of the reaction (blood pressure, pulse, respiration rate, oxygen saturation, skin abnormalities,
tryptase levels 1 to 2 hours after start of reaction), in the hospital adverse events register (“complicatie
registratie”).

e The presence of a documented allergy in the electronic patient file allergy registry (“allergie registratie”).
This reporting should be based on the name of contrast medium.

If the adverse reaction to a contrast medium is severe or unusual, report all details of the reaction to the
National Pharmacovigilance Authority (LAREB).

Patient information leaflets

Appropriate patient information leaflets on the various radiological examinations with contrast medium should
be available. The occurrence of late reactions must be mentioned in these leaflets.
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And indicate what patient should do, ask for advice at the hospital or consult their general practitioner.

In addition, appropriate patient information leaflets about preventive measures in patients with a previous
allergic reaction, about treatment of acute hypersensitivity reactions to contrast media, and contrast
extravasation should be available.

One should consider having these leaflets available in multiple languages.

Training of Personnel

It is important that personnel that work in departments where CM are administered to patients are regularly
trained in the management of hypersensitivity reactions and other emergency situations. It has been shown that
high-fidelity hands-on simulation training programs are more effective than other forms of training, such as
didactic lectures or computer-base training (Wang, 2011; Wang, 2014, Parsian, 2018; Ali, 2019). Checklists and
visual aids can help personnel in accurate management of hypersensitivity reactions to CM (Gardner, 2018;
Parsian, 2018).

Verantwoording
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