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ABSTRACT

Iodinated contrast media (ICM) have become one of the major causes of drug hypersensitivity
reactions (HSRs) related to increasing numbers of ICM-based radiological imaging
procedures. Strategies for diagnosing and preventing ICM-induced HSRs have not been
uniformly standardized yet. However, advances have been made based on the results of
recent research. A previous history of hypersensitivity to ICM is the most significant risk
factor for developing HSR by ICM. Avoidance of culprit agents and premedication is the
main strategy to prevent recurrences of HSRs in high-risk patients. In addition, we strongly
recommend identifying sensitized ICM using skin tests to determine immunoglobulin
E-mediated or delayed-type allergy and to guide the choice of an alternative contrast agent.
ICM provocation test procedures have been established and are helpful in selected cases. In
this paper, we review how to evaluate patients who have experienced immediate or delayed
HSRs caused by ICM to minimize the risk of recurrence and discuss unmet needs that require
further research.

Keywords: Contrast media; hypersensitivity; drug allergy; skin tests

INTRODUCTION

The number of reports with adverse reactions related to contrast agents has been rapidly
increasing, reflecting increased numbers of imaging procedures using contrast agents.
Iodinated contrast media (ICM) were the most common cause of drug anaphylaxis in Korea.?

According to the time of onset after exposure to ICM, hypersensitivity reactions (HSRs) to
ICM can be categorized as either immediate reactions, which usually occur within 1 hour and
up to 6 hours after exposure to ICM, or delayed reactions, which occur after 1 hour and up

to several days following exposure.’ The prevalence of immediate reactions to the non-ionic
low-osmolar ICMs currently used for intravascular enhancement has been reported to be
about 0.2%—3%, and for delayed reactions about 1%—3%.*¢

Although various national and international societies have provided clinical guidelines
for HSRs to ICMs, there are slight differences in recommendations regarding evaluation
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Knut Brockow methods, use of premedication, and changes in ICM when administering ICMs.”®
https://orcid.org/0000-0002-2775-3681 Furthermore, depending on the real-world situation, there may be differences in applying
these guidelines to actual treatment in each medical facility. However, emerging evidence
There are no financial or other issues that based on the clinical data on ICM-induced hypersensitivity indicates a central role in

might lead to a conflict of interest. performing skin tests to more actively diagnose HSRs to ICMs and manage high-risk

Disclosure

groups.® In this review, we will introduce the latest knowledge on the diagnosis and
treatment of immediate and delayed ICM-induced HSRs and look at how to utilize them in
clinical practice settings.

DIAGNOSIS AND PREVENTION OF IMMEDIATE HSRs TO
ICM

In the past, immediate HSRs to ICMs were considered to occur via non-immunological
mechanisms. However, recent literature reporting positive skin tests in patients with more
severe reactions suggests that a subgroup of immediate HSRs to ICMs may actually be
immunoglobulin E (IgE)-mediated allergy."*?

Clinical guidelines differ in diagnostic testing, the need for premedication to prevent HSR,
changing the culprit ICM, and selection of alternative ICMs. While there is no specific
recommendation in the guideline from the American College of Radiology, the position
papers from European academic societies and expert guidelines recommend that an

allergy test such as a skin test should be performed appropriately to differentiate an IgE-
mediated allergic reaction and used to select an alternative ICM (Table 1).2 There are still
many remaining unresolved issues such as determining the appropriate test target and
optimal concentration of ICM, establishing an accurate test method and standardizing it,
interpreting the cross-reactivity among ICMs and identifying the role of premedication

such as antihistamines and steroids. In this section, we will review data on determining the
appropriate skin test target, establishing an accurate skin test method, selecting a safe ICM by
interpreting the cross-reactivity found in skin tests, and identifying the role of premedication.

Selection of patients for skin testing

The use of skin tests or drug provocation tests (DPTs) as a prescreening for all patients
scheduled to use ICM is not recommended because it is ineffective in predicting immediate-
type HSRs in those without a previous history of HSRs.'** Instead, skin tests should be
performed selectively for high-risk groups with a history of immediate HSR to ICM. There are
other well-known minor risk factors of ICM-induced HSRs, including a history of asthma and
other drug allergies, female and genetic predisposition such as HLA-DRB1*15:02 and a family
history of hypersensitivity to ICMs.!** Recently, a history of hypersensitivity to gadolinium
contrast agents has also been reported as a risk factor for hypersensitivity to ICMs."

However, the risk of developing severe hypersensitivity in relation to these minor risk factors
is relatively low; no current studies have presented a clear explanation between these minor
risk factors and severe HSRs. Therefore, minor risk factors are no indication for performing
skin tests. However, a history of severe HSR to ICM strongly correlates to the risk of severe
recurrent HSR. Thus, whereas skin testing with ICM is strongly recommended for patients
who have experienced severe systemic immediate HSRs such as anaphylaxis, it is not essential
for patients with very mild reactions such as isolated localized urticaria, generalized pruritus,
and isolated flushing as well as with toxic or unrelated reactions (e.g., heat sensation, nausea).’
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Table 1. Diagnosis and prevention of immediate HSRs to ICM presented in each clinical guideline

Clinical guideline

Diagnosis

Premedication

Change and selection of alternative contrast

agent

American College
of Radiology’

European Society
of Urogenital
Radiology®

European
Academy of
Allergy and Clinical
Immunology
(EAACI) position
paper®

Spanish Society of
Allergy and Clinical
Immunology
(SEAIC)™®

- No specific mention of a diagnostic test.
- Performing skin tests routinely before CT

scan with ICM is not recommended to
predict immediate HSRs.

- Consulting to allergist within 1-6 months is

recommended for patients with a previous
history of moderate to severe HSRs to ICM.

- Skin test is recommended in all patients

who have previously experienced
immediate HSRs to ICM, except for
emergent CT scan with ICM.

« DPT can be used to identify suitable

alternative ICMs in patients with a negative
skin test.

- Skin test is highly recommended for

patients who have previously experienced
immediate HSRs to ICM.

- DPT is recommended to confirm an

alternative ICM.

- Administering oral corticosteroids

12-13 hours before ICM exposure is
recommended to patients who have
previously experienced immediate HSRs
to ICM.

- If it is difficult to perform an ICM-related

skin test, administering intravenous
corticosteroid 4-5 hours before ICM
exposure is recommended to patients who
have previously experienced immediate
HSRs to ICM.

- No classification for severity of HSRs
- Premedication is not recommended due to

insufficient evidence.

- Premedication is recommended for

patients who have previously experienced
immediate HSRs to ICM or have a difficult
situation to perform a skin test due to an

emergent CT scan with ICM.

- No classification for severity of HSRs

- The preventive effect of pretreatment is

controversial.

- If culprit ICM is known in patients who have

previously experienced immediate HSRs to
ICM, a change of the ICM from the culprit to
an alternative ICM is recommended.

- No specific mention of alternative ICM

selection

- A change of the ICM from the culprit to

an alternative ICM is recommended for
patients who have previously experienced
immediate HSRs to ICM

- Performing skin tests in consultation with

an allergist can help to select an alternative
ICM

« A change of the ICM from the culprit to a skin

test-negative alternative ICM is recommended
for patients who have previously experienced
immediate HSRs to ICM.

- Patients having experienced ICM-induced

anaphylaxis are recommended to avoid

CT scans with ICM. If it is necessary to
perform a CT scan with ICM, a replacement
to an alternative ICM and a preparation of
emergency medicine are recommended.

- A replacement to an alternative ICM by skin

test is recommended for patients who have
previously experienced immediate HSRs
to ICM.

HSR, hypersensitivity reaction; ICM, iodinated contrast media; DPT, drug provocation test.

Method of skin testing
Depending on the studies and methods used, the sensitivity, specificity, positive predictive

value, and negative predictive value of skin tests for ICMs varied."**? In studies on immediate
HSRs to ICM, the sensitivity and specificity of skin test was reported as 20% and 96%-100%,
respectively.?>? In addition, the positive predicted value of skin test in immediate HSRs to ICM
was 17%-52%," and the negative predictive value was 94.2% in immediate HSRs.?? According
to a meta-analysis of ICM skin test results in patients with immediate HSRs, the sensitivity of
skin tests was different depending on the severity of HSRs to ICM. For example, the sensitivity
of skin tests is about 12% in patients with urticaria, whereas it was 51.9% in those with
anaphylaxis.™ In a recently published multicenter prospective study, the sensitivity of skin tests
was 9.5%, 23%, 53%, and 100%, respectively, in those with immediate HSRs limited to the
skin, severe systemic reactions, life-threatening reactions, and cardiac arrest, suggesting that
severe HSRs would be based on IgE-mediated mechanism.*

Standardization of skin tests for ICM is a major task to be solved for accurate diagnosis and
prevention. Currently, the recommended method of ICM-related skin testing is to begin with
the skin prick test (SPT) using undiluted ICM. If the SPT is negative, then an intradermal
test with a 1:10 diluted solution of ICMs is recommended. To verify the possibility of cross-
reactivity among ICMs, it is recommended to perform SPT and intradermal tests with all
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ICMs available and relevant for the radiological departments.®* In addition to the methods,
timing is an important factor in determining the sensitivity of the skin test. According to

a position paper from European academic societies and expert guidelines based on a few
studies, performing skin tests within 2-6 months after the onset of the index reaction showed
higher sensitivity than tests performed afterward.?

Role of DPTs

DPT can be performed as a final step for confirmatory diagnosis. Older studies reported
serious adverse reactions even after small test doses were injected before a planned imaging
procedure, indirectly warning of the risk of a DPT.**?* However, newer studies reported that
DPT using ICMs could be safe and helpful in the diagnosis, provided that they are performed
in institutions with experience in diagnosing HSRs to other drugs and in anaphylaxis
treatment.?***» DPT may play an important role in identifying safe alternative ICMs in
patients who have experienced severe immediate HSRs, such as anaphylaxis. In patients with
lower risk for a severe recurrent HSR, e.g., those with urticaria only, renewed exposure to a
different skin test-negative ICM at a radiology department under emergency preparedness
(when the following imaging procedure is indicated) may be sufficient. During DPT, careful
monitoring is required for not only HSRs but also pharmacological toxic reactions. DPT
should be avoided in patients with severe renal dysfunction, those taking nephrotoxic

drugs, pregnant or lactating patients, or patients with hyperthyroidism. In most cases, the
cumulative dose of the ICM given in DPT varied from 49.5 mL to 100 mL, and the injection
was distributed over one or two days, depending on the study.*'>*#% A recent study
suggested an uncomplicated two-step challenge with 5 mL and 30 mL; although 6.0% of
patients who were negative in the challenge test experienced mild breakthrough reactions,
none of these were severe reactions.”

Since there is still a lack of a consensus on when to implement ICM-related DPT and how to
perform it in a standardized manner, additional discussion and validating studies on DPT in
ICM hypersensitivity are necessary.

Selection of safe alternative ICMs

Several studies published in recent years have shown that solely changing the culprit ICM

to another ICM reduced the risk for recurrence of immediate acute HSRs and that this
procedure was even more effective than premedication without changing the culprit ICM.3**
In patients with a history of immediate HSR to ICM, re-exposure to the causative ICM
without premedication resulted in the recurrence of an immediate reaction in 31.1% of cases.
The recurrence rate was reduced to 12% when the ICM was changed and further decreased to
7.6% with premedication combined with ICM change.? Currently, international guidelines
from North America and Europe recommend that patients who experienced HSRs to ICMs
avoid the causative agent and change to another ICM. Some studies suggested that a common
N-(2,3-dihydroxypropyl) carbamoyl side chain might be important for cross-reactivity
between ICM.?*** Therefore, in patients who experienced a severe index HSR to ICM, using
skin test-negative ICM without a common side-chain resulted in lower recurrence of HSR on
re-exposure.”

The basophil activation test (BAT) can be a complementary tool to diagnose immediate HSR

to ICM with a good correlation with ST and DPT results. However, the degree of'its additional
benefit still has not been sufficiently demonstrated.?*
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There is still insufficient understanding of cross-reactivity between different ICMs and,

consequently, considerable disagreement in determining how to select the most suitable
alternative ICM."* Therefore, it is necessary to conduct a large-scale prospective study with
sufficient numbers in each ICM subgroup.®

Effectiveness of premedication

Some studies have reported a reduction of recurrent HSRs to ICM with premedication
without significant short-term adverse effects.*>® There is no standardized premedication
protocol for preventing immediate HSR to low osmolar contrast media in patients with a
history of HSR to the same type of ICM. Lee et al.*® reported the severity-based stratified
prophylaxis regimens reduced the risk of breakthrough reactions in patients with a history
of HSR to ICM; antihistamine only for mild index HSRs, a combination of antihistamine
and single-dose corticosteroid (methylprednisolone 40 mg) for moderate index HSRs, and a
combination of antihistamine and multiple-dose corticosteroid (methylprednisolone 40 mg)
for severe index HSRs. However, premedication cannot completely prevent the recurrence
of an immediate HSR, especially severe HSRs such as anaphylaxis.*** As premedication,
systemic steroids and antihistamines are widely used, but standard premedication protocols
detailing drug choice, dosage, and interval and frequency of administration before ICM re-
exposure have not been properly established. Park et al.® reported that the combined use of
antihistamines and corticosteroids did not show significant additional benefit compared to
the treatment with antihistamines alone in patients with mild HSRs. In addition, increasing
the frequency of corticosteroid use rather than the cumulative dose helped reduce ICM-
induced HSRs.*® Jung et al.®® reported that the frequency of immediate HSRs was lower in the
group treated with two sequential corticosteroid injections than in patients only receiving

a single steroid regimen. Summarizing the above results, antihistamine alone is sufficient
for premedication for patients with mild immediate HSRs. On the other hand, it is effective
to administer steroids repeatedly in patients with severe immediate HSR. However, the
premedication strategy for severe ICM-induced HSR is not yet established. Further studies
are necessary to clarify which patients require premedication.

Strategies to prevent immediate HSRs to ICM (Fig. 1)

Taking an accurate history of clinical symptoms, severity, type, and amount of contrast
agent, treatment, and outcomes is essential for risk stratification and developing individual
strategies to prevent recurrence.

1) IfICM is urgent for patients with a history of severe HSRs such as severe laryngeal ede-
ma accompanied by breathing difficulties, airway obstruction, hypotension, and loss of
consciousness, avoid using ICM and perform computed tomography (CT) without con-
trast media or instead consider alternative tests such as magnetic resonance imaging
(MRI) as the first option.

2) If the acute use of ICM is unavoidable before allergy testing is possible, replace the
culprit with a different ICM under cover of premedication. If the causative agent is un-
known, premedication and close monitoring are required. As there is a higher risk for
recurrent reactions, install emergency preparedness. For patients with previous severe
HSRs and unavoidable ICM use, apply an individual risk-benefit analysis for the patient
and have full-scale emergency treatment options immediately available (e.g., anesthesia
emergency team on standby).

3) Skin tests should be performed with culprit ICM (if known) and alternative ICMs. Com-
pletely avoid the causative agent and any other skin test-positive ICMs and administer a
skin test-negative ICM. In patients with less severe reactions, contrasted imaging using
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AAIRY

Urticaria or angioedema

without any additional signs of anaphylaxis

Anaphylaxis
e.g. hypotension, bronchospasm,
loss of consciousness

Clinical
manifestation

l

ICM

No No ICM

urgently needed

urgently needed

non-culprit ICMs if possible

- Administer non-culprit alternative ICM
after premedication, if culprit ICM is known

- Select alternative ICM without sharing
common carbamoyl side chain among

- Omit ICM and perform native
CT- or MR-scan if possible
Only if ICM is indispensable:
- Administer non-culprit ICM
after premedication, if culprit
ICM is known and in anesthesia standby
- Select alternative ICM without sharing
common carbamoyl side chain among
non-culprit ICMs if possible

Y

Skin pick &

Allergic ICM hypersensitivity

Pos.

Neg.

intradermal test, Non-allergic ICM hypersensitivity

(BAT)

ICM hypersensitivity confirmed

Provocation with

skin test-negative ICM hypersensitivity unlikely

ICM

Fig. 1. Algorithm for patients with immediate hypersensitivity reactions to ICM.
ICM, iodinated contrast media; BAT, basophil activation test; Pos., positive; Neg., negative.

https://e-aair.org

a skin test-negative ICM with a different structure from the culprit is possible under
emergency treatment availability with or without premedication, depending on the
severity of the reaction.

4) Consider confirming non-reactivity through intravenous DPT with skin test-negative ICMs
prior to use of ICM, which is recommended particularly after severe reactions. Compared
to renewed exposure to an ICM at the radiology department, it appears safer to give frac-
tionated doses of ICM through DPT in a department experienced in handling anaphylaxis.

DIAGNOSIS AND PREVENTION OF DELAYED HSRs TO
ICM

Most delayed-type HSRs to ICM manifest as mild to moderate uncomplicated maculopapular
rashes. Very rarely, severe cutaneous adverse reactions (SCAR), such as acute generalized
exanthematous pustulosis, Stevens-Johnson syndrome, or toxic epidermal necrolysis, may
occur.** Delayed HSRs are T-cell-mediated type IV allergic reactions that occur several
hours to several days after the administration of ICM and last for several days to several
weeks. However, most delayed HSRs occur within one week.* The incidence of delayed HSR
was significantly higher in nonionic dimer contrast media users than in nonionic monomer
users.* Delayed HSRs were reported to have more frequent cross-reactivity between ICMs
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than immediate HSRs. Although there is no evidence to prove the efficacy of premedication
in patients with delayed hypersensitivity to ICM, several studies have reported that
premedication with systemic corticosteroids may reduce reaction rate and severity in patients
with a previous history of delayed-type HSRs. However, breakthrough reactions do occur, and
the variable onset of delayed-type reactions makes it difficult to select the appropriate time to

Hypersensitivity Reactions to lodinated Contrast Media

administer the premedication. In this section, we will review the clinical meaning of the skin

test in ICM-induced delayed hypersensitivity and the role of premedication in ICM-induced
delayed hypersensitivity.

Skin tests in delayed-type HSRs
In patients having had a suspected delayed-type rash to ICM, skin tests such as patch tests

and intradermal tests with delayed reading can be helpful to confirm T-cell-mediated HSRs

and may help choose alternative ICMs which may be tolerated. International guidelines

emphasize the proactive implementation of the ICM skin test (Table 2). Yoon ef al." reported
that the overall test positivity rate was 26%, of which 7% was for the SPT, 22% for the delayed
reading of the intradermal test, and 16% for the patch test, respectively. To overcome the

low sensitivity rate, the combination of intradermal test with delayed reading and patch test

can be attempted at the same time." In addition, the skin test sensitivity can be increased by

testing with a higher concentration of ICM used in intradermal tests with delayed reading

compared to the concentrations used for immediate reading.”” When skin tests in 1:10

concentration were negative, 70% of the patients showed positive delayed reading results
without any side effects in the intradermal test performed with the undiluted stock solution.*”

Table 2. Diagnosis and prevention of delayed HSRs to ICM presented in each clinical guideline

Clinical guideline

Diagnosis

Premedication

Change and selection of alternative contrast
agent

American College of
Radiology’

European Society of
Urogenital Radiology®

European Academy
of Allergy and Clinical
Immunology (EAACI)
position paper®

Spanish Society of
Allergy and Clinical
Immunology (SEAIC)™

- No specific mention of diagnostic test

- Patch and intradermal tests with delayed

reading are recommended for patients
who have previously experienced delayed
HSRs to ICM.

- Skin test is recommended in all patients

who have previously experienced delayed
HSRs to ICM, except for emergent CT scan
with ICM.

- DPT can be used to identify proper

alternative ICMs in patients with a
negative skin test.

- Patch and intradermal tests with delayed

reading are recommended for patients
who have previously experienced delayed
hypersensitivity.

- DPT can be used to evaluate culprit ICM in

case negative skin test.

- In severe cutaneous adverse reaction

experienced patients, DPT with culprit
ICM is contraindicated.

- Premedication is not recommended for

patients who have experienced mild
delayed HSRs with skin symptoms.

- Premedication is generally not

recommended.

- Premedication is not recommended

due to insufficient evidence.

- The preventive effect of pretreatment is

controversial.

- If culprit ICM is known in patients who have

previously experienced delayed HSRs to ICM,
a change of the ICM from the culprit to an
alternative ICM is recommended.

- No specific mention of alternative ICM

selection

- A change of the ICM from the culprit to a skin

test-negative alternative ICM is recommended
for patients who have previously experienced
delayed HSRs to ICM.

- A change of the ICM from the culprit to a skin

test-negative alternative ICM is recommended
for patients who have previously experienced
delayed HSRs to ICM.

- Patients with the experience of ICM-induced

severe cutaneous adverse reactions are
recommended to avoid CT scans with ICM.

- DPT is recommended after considering the

risks and benefits.

- A change of the ICM from the culprit to a skin

test-negative alternative ICM is recommended
for patients who have previously experienced
delayed HSRs to ICM.

HSR, hypersensitivity reaction; ICM, iodinated contrast media; DPT, drug provocation test.
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The timing of the intradermal test with delayed reading is also an important determinant
of sensitivity. According to Brockow et al.,” intradermal tests with delayed reading showed
a high positivity rate of 48% when performed 1 to 6 months after the recovery of delayed-
type HSR, whereas it dropped to 23% when performed thereafter. These data suggest that
the combination of intradermal test with delayed reading and patch test can be used to

diagnose ICM-induced delayed-type hypersensitivity. To increase the sensitivity of [CM-
induced delayed-type hypersensitivity, it is important to conduct skin tests with various
concentrations of ICMs and perform skin tests at an appropriate time.

The role of DPT in delayed HSRs

As described above, skin testing showed relatively low sensitivity and high cross-reactivity
with other ICMs in patients with delayed hypersensitivity to ICM." This limits the value of
the skin test and reduces the negative predictive value. Around half of the patients showed
hypersensitivity on DPT when exposed to skin test-negative ICM.** Therefore, in delayed
HSRs, the culprit ICM should not be readministered, and a structurally different ICM should
be chosen. DPT can play a role in accurately diagnosing and selecting safe alternative ICMs
in patients with delayed-type HSRs. ICM-related DPT should be performed under close
monitoring and careful consideration of the risk of other pharmacological toxic reactions
such as renal function deterioration.

Although various protocols of DPT have been reported, there is still no consensus on standardized
provocation protocols such as the amount of ICM and the time interval between steps.

In vitro test for delayed HSRs to ICM

A lymphocyte transformation test (LTT), which measures the proliferation of circulating
drug-specific memory T cells, may be an additional diagnostic tool to detect the culprit
ICM of delayed HSRs to ICM.* The sensitivity of LTT ranges from 13% to 75%,* and it can
be positive even 1020 years after delayed HSR since LTT evaluates drug-specific memory T
cell response in the peripheral blood.* However, since memory T cell reactivity was reduced
in some patients 3—4 years after delayed HSR, it is recommended to perform LTT within
2-3 years of the onset of delayed HSR.* Despite its promising aspects, LTT is tedious, less
sensitive than the skin test, and has mostly been performed for experimental research.

Effectiveness of premedication

The usefulness of premedication for delayed HSR is still lacking. Although a case report

has claimed that corticosteroid premedication is effective in ICM-induced maculopapular
rash,” there are no cohort studies to evaluate the efficacy of premedication for delayed HSR.
Therefore, several guidelines suggest

Strategies to prevent delayed HSRs to ICM (Fig. 2)

1) For all patients who have experienced delayed onset exanthems to ICMs, it is essential
to take an accurate history, including clinical symptoms, severity, type of contrast agent,
the amount used, treatment, and outcome results.

2) If patients have experienced SCAR such as acute generalized erythematous pustulosis,
drug reaction with eosinophilia and systemic symptoms (DRESS) syndrome, Ste-
vens-Johnson syndrome, or toxic epidermal necrolysis, ICM use should be prohibited,
and CT without ICM or alternative tests such as MRI should be performed. Skin tests
are generally possible, but DPT should be performed exceptionally after thorough con-
sideration of the risks and benefits for the individual patients.
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SCAR(e.g. AGEP, DRESS, SJS, TEN)*
- Perform CT- or MR-scan without ICM
if urgently needed
or
- Perform allergy testing based on
risk-benefit consideration

Clinical
manifestations

Uncomplicated maculopapular
exanthem, seldom delayed urticaria

ICM
urgently needed

- Administer ICM Yes
- Use alternative ICM, if culprit ICM is known

Test:
intradermal or patch
test, LTT

Allergic ICM hypersensitivity Allergic ICM hypersensitivity unlikely

Provocation with
skin test-negative
ICM

ICM hypersensitivity confirmed ICM hypersensitivity unlikely

Fig. 2. Algorithm for patients with delayed hypersensitivity reactions to ICM.

SCAR, severe cutaneous adverse reaction; AGEP, acute generalized exanthematous pustulosis; DRESS, drug reaction with eosinophilia and systemic symptoms;
SJS, Stevens-Johnson-syndrome; TEN, toxic epidermal necrolysis; CT, computed tomography; MR, magnetic resonance; ICM, iodinated contrast media; LTT,
lymphocyte transformation test; Pos., positive; Neg., negative.

3) In patients who have experienced an uncomplicated maculopapular rash, skin tests
should be performed unless an imaging test using ICM is urgently needed. If ICM use is
urgently required for a patient who has experienced an uncomplicated maculopapular
rash, avoid using the causative contrast agent and change to another ICM. If the culprit
agent is not known and skin tests are not possible, a CT scan can be considered after
risk-benefit analysis and receiving the informed consent of the patient, because there is
an increased risk for another maculopapular rash, but not for life-threatening anaphy-
laxis or SCAR.

4) When performing skin tests, as many types of ICM as possible, including the causative
agent, should be tested with delayed readings of the intradermal tests and patch tests.
Regardless of the test result, the culprit agent should be avoided. If any of the ICMs is
positive in the skin test, it is recommended to avoid using skin test-positive agents and
replace them with skin test-negative contrast agents. If the skin test is negative to all
substances including the culprit, this test does not aid in indicating which ICM may be
better tolerated.

5) DPT can be considered as the next step. If the DPT is negative, that ICM is highly likely
to be safe when administered intravenously on a CT scan.

6) There is insufficient evidence on the effectiveness of premedication in preventing
delayed-type HSRs. Thus, substituting the ICM with another skin-test-negative ICM
rather than premedication should be the strategy to avoid further reactions. Neverthe-
less, premedication can be considered in individual patients with higher risk and severe
exanthema. A short-term prescription of topical and oral steroids is recommended if
symptoms recur after leaving the medical facility.?
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UNMET NEEDS

There are still many controversies and unmet needs concerning ICM hypersensitivity.
Recent guidelines indicate the need for skin testing, particularly for patients with severe
allergic reactions and anaphylaxis, to select a safe alternative ICM that shall be tolerated in
the future.? However, since the majority of patients with a mild degree of immediate ICM
hypersensitivity do not react to any ICM in skin tests, the mechanism of the reaction remains
unclear. Furthermore, since BAT and LTT are not available beyond the experimental setting,
their potential roles are not validated.

Premedication may reduce minor adverse reactions, such as pruritus and urticaria, but not
anaphylaxis.” Moreover, effective premedication strategies remain unknown. There is little
consensus regarding whether and for whom premedication is helpful and which premedication
should be administered. Multicenter studies including large numbers of patients are needed to
determine the impact of different premedication protocols on clinical outcomes.

Also, provocation tests with ICM have been used mainly in patients with a history of severe
reactions to identify alternative ICMs in a safer setting.* On the other hand, in less severe
cases, skin test-negative ICM reexposition at the radiology department may also suffice when
the ICM is needed for diagnosis.

CONCLUSION

HSRs to ICM are a significant concern arising with the increased use of contrast-enhanced
imaging modalities. To prevent recurrent HSRs to ICM, avoidance of the culprit ICM,
substituting with other structurally different ICMs and considering premedication are
generally recommended. Additionally, skin tests and DPT can provide a helpful risk
assessment of whether certain ICMs may be safe alternatives. However, as the negative
predictive value of these tests is not 100%, these tests cannot completely exclude the
reactivity of ICM on the following systemic exposure. Unfortunately, skin tests, DPT,

and premedication protocols are not standardized. Therefore, well-planned prospective
studies with a large number of patients are required to validate the value of these tests on
hypersensitivity to ICM in the future.
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