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Novel Strategy for the Prevention of Recurrent ®
Hypersensitivity Reactions to Radiocontrast Media
Based on Skin Testing

Oh Young Kwon, MD®*, Ji-Hyang Lee, MD**, So-Young Park, MD, PhD®", Bomi Seo, MD?, Ha-Kyeong Won, MD?,
Yewon Kang, MD?, Jin An, MD?, Hyouk-Soo Kwon, MD, PhD?, Woo-Jung Song, MD, PhD?, You Sook Cho, MD, PhD?,

Hee-Bom Moon, MD, PhD?, and Tae-Bum Kim, MD, PhD? Seoul, Korea

What is already known about this topic? Hypersensitivity reaction to iodinated contrast media (ICM) is a persistent
clinical issue with the increased use of computed tomography. In contrast to the traditional concept, growing evidence
indicates an underlying allergic mechanism.

What does this article add to our knowledge? When the culprit ICM produced an intradermal skin test (IDT)-positive
result, IDT-negative ICM could be used as a safer alternative. However, when the culprit ICM was IDT-negative, further
skin tests were not helpful.

How does this study impact current management guidelines? WWhen patients with a history of ICM hypersensitivity
require further computed tomography scanning, we recommend physicians perform an IDT using the culprit ICM to guide

the next step.

BACKGROUND: Hypersensitivity reactions to iodinated
contrast media (ICM) is a persistent clinical issue with increased
use of computed tomography. With the evidence indicating
underlying allergic mechanisms, there have been studies
regarding the skin tests using ICM.

OBJECTIVE: This study aimed to evaluate the intradermal skin
test (IDT) as a tool for preventing recurrent hypersensitivity
reactions to ICM in patients with prior reactions to a known
culprit agent.

METHODS: Sixty-nine patients who had experienced
immediate hypersensitivity reactions to ICM were included in
the study. All patients underwent IDT with 7 different ICMs,
including the causative ICM. We analyzed clinical data from 38
patients who were reexposed to ICMs, grouped by the IDT
results to their original culprit ICM.
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RESULTS: Thirty-eight patients showed positive IDT results to
the culprit ICM (CULPRIT +), whereas 31 patients showed
negative results (CULPRIT —). Sixteen patients from the
CULPRIT + group and 22 from the CULPRIT — group were
subsequently exposed to an ICM. In the CULPRIT+ group, 4
of the 5 patients who were subsequently exposed to an IDT-
positive ICM reexperienced hypersensitivity reactions. When
patients were exposed to IDT-negative ICM as an alternative,
hypersensitivity reactions were not observed. In the CULPRIT —
group, IDT-positive ICMs did not provoke hypersensitivity re-
actions whereas 2 patients using IDT-negative ICMs experienced
hypersensitivity reactions.

CONCLUSIONS: When the IDT results are positive for the
culprit ICM, additional IDTs with other ICMs are needed to
select a safe alternative. If the IDT results are negative against the
culprit ICM, further IDTs might not play a role in selecting a
safe alternative. © 2019 American Academy of Allergy, Asthma
& Immunology (J Allergy Clin Immunol Pract 2019;7:2707-13)

Key words: Hypersensitivity reaction; Intradermal skin test;
lodinated contrast media; Premedication; Skin tests

INTRODUCTION

An estimated 75 million computed tomography (CT) scans
enhanced with iodinated contrast media (ICM) are performed
annually worldwide.' Because CT scanning is fast, affordable,
and accurate, it is preferred to other imaging modalities such as
magnetic resonance imaging or ultrasonography. However, using
ICM always presents the possibility of unexpected immediate
hypersensitivity reactions (IHRs). Introduction of low-osmolar
nonionic ICM in place of high-osmolar ionic agents has
decreased estimations of the frequency of IHRs from 3.8%-
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Abbreviations used
CT- Computed tomography
ICM- lodinated contrast media
IDT- Intradermal skin test
IHR- Immediate hypersensitivity reaction

12.7% to 0.7%-3.1%.>> However, there still are fatal cases 1 in
100,000 to 1 in 1,000,000 people who were injected with ICM.*
IHRs to ICM have traditionally been classified as non-
immunologic reactions.’ However, there is growing evidence
supporting the presence of an underlying allergic mechanism in
some reactions. Positive skin test results and basophil activation,
as well as detection of specific IgE in patients with hypersensi-
tivity reactions to ICM, indicate that some cases of ICM
hypersensitivity could be explained by IgE-associated immuno-
logic mechanisms.®” Accordingly, there have been trials to
evaluate the clinical value of skin testing using ICM.>*

Overall, the skin tests can be used for 2 distinct purposes.
First, to predict hypersensitivity reaction before undergoing a CT
scan. Second, to diagnose hypersensitivity to ICM and use the
result to identify safer substitutes.

The intradermal skin test IDT) has failed to show its clinical
usefulness as a prescreening tool predicting hypersensitivity
reactions when performed before a CT scan, irrespective of the
patient’s history of hypersensitivity reactions.'' On the contrary,
as a diagnostic tool, the European Network of Drug Allergy
group multicenter study found out that 50% of patients with
previous hypersensitivity reactions were positive on skin tests. '
A recent meta-analysis by Yoon et al® reported that pooled
per-patient positive rates of skin test results were 16.8% in
patients with IHRs, increasing to 52% when confined to severe
IHRs. This suggests that the IDT can play an important role in
postexposure evaluation of IHRs and can help determine the
selection of safer alternatives.

When patients experience adverse reactions to ICM, they
become more vulnerable to repeat adverse reactions.'” Abe et al'*
observed that changing contrast media had a more protective
effect against repeat adverse reactions compared with
premedication with either antihistamines or systemic steroids.
Concordantly, in a multicenter study reviewing the cases of
reexposure to ICM in patients with a history of moderate-to-
severe hypersensitivity reactions, changing the implicated ICM
significantly reduced the recurrence rate of hypersensitivity
reactions.'” Both studies indicate that changing the ICM is a
more effective way of preventing the recurrence of hypersensi-
tivity reactions compared with the premedication. However, no
studies have yet investigated systematic approaches for trialing
alternative contrast media.

This study aimed to evaluate the role of IDT in contributing
to the selection of safe alternative contrast media for patients with
a history of hypersensitivity to ICM.

METHODS
Subjects

We obtained the medical records of the patients who had expe-
rienced IHRs to ICM and were referred to the allergy clinic in Asan
Medical Center from April 2015 to April 2018. The patients with
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unknown culprit ICM were excluded. The study was approved by
the Internal Review Board and Ethics Committee of Asan Medical
Center (2015-0439).

Skin test

All patients underwent IDT with 7 different ICM. The agents
used in the test were as follows: (1) iopromide (Ultravist; Bayer
Healthcare, Brussels, Belgium), (2) iohexol (Omnipaque; GE
Healthcare, Chicago, Ill), (3) iopamidol (Pamiray; Dongkook Pharm
Co., Ltd, Korea), (4) ioversol (Optiray; Mallinckrodt PLC, St Louis,
Mo), (5) iobitridol (Xenetics; Guerbet, Gorinchem, Netherlands),
(6) iomeprol (Iomeron; Bracco, Milano, Italy), and (7) iodixanol
(Visipaque; GE Healthcare). All solutions had a strength of 270 to
370 mg/mL (jopromide, 370 mg/mL; iohexol, 300 mg/mL;
iopamidol, 300 mg/mL; ioversol, 320 mg/mL; iobitridol, 300 mg/
mL; iomeprol, 300 mg/mL; iodixanol, 270 mg/mL). An IDT was
performed with 1/10 diluted ICMs. It was the recommended con-
centration by the previous study considering as the maximal
nonirritant concentration.'® Histamine and saline were used as
positive control and negative control, respectively. The IDT was read
after 15 minutes; the result was considered positive when the median
diameter of the wheal increased by at least 3 mm compared with the
initial bleb with surrounding erythema.'” Because positive rate of
skin prick test had been reported to be significantly lower than that
of IDT, especially in IHRs, we only conducted IDT without pre-

ceding skin prick test, although this was not recommended.® !>’

Reexposure to ICM and evaluation

Because skin testing was done in the allergy clinic for diagnostic
purposes originally, the results of the IDT were not checked by CT
technicians when selecting the ICM in case of reexposure. However,
the culprit radiocontrast media was avoided according to the
preexisting guidelines in our institute. As a result, a contrast media
that had not caused an adverse reaction was used for the CT
examination, some of which were IDT-positive. Because all subjects
were previous reactors, they were prescribed premedication, which is
routinely recommended in our center, and informed of possibility of
breakthrough reactions.'® The premedication regimen was based on
the severity of the previous IHRs. For patients with a mild index
reaction, only antihistamine (chlorpheniramine 4 mg) was admin-
istered intravenously an hour before the examination. For those who
had experienced a moderate IHR, corticosteroid (methylpredniso-
lone 40 mg) was given in addition to chlorpheniramine. For the
patients with a history of severe IHRs, 50 mg of prednisolone was
administered by mouth at 13 hours, 7 hours, and 1 hour before
ICM injection, in addition to chlorpheniramine 1 hour before CT
scanning. The dose or administration time of each medication may
have varied slightly between physicians. In addition, emergency kits
were ready to use in case of breakthrough reaction.

The severity of the reaction was classified on the basis of the
American College of Radiology manual on contrast media.'” Mild
reactions included limited urticaria/pruritis, limited cutaneous
edema, limited “itchy”/“scratchy” throat, nasal congestion, and
sneezing/conjunctivitis/thinorrthea. Moderate reactions included
diffuse urticaria/pruritis, diffuse erythema, facial edema without
dyspnea, throat tightness or hoarseness without dyspnea, and
wheezing/bronchospasm with mild or no hypoxia. Finally, severe
reactions included diffuse edema, or facial edema with dyspnea,
diffuse erythema with hypotension, laryngeal edema with stridor
and/or hypoxia, wheezing/bronchospasm, significant hypoxia, and
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anaphylactic shock. The presence/absence of an IHR, and the
associated symptoms, was reported on the electronic medical chart.

Medical records were retrospectively analyzed, and the data were
compared according to the IDT results using the culprit ICM. We
hypothesized that if the skin test result was positive, indicating the
presence of an underlying IgE-mediated reaction, the result might
provide a clue when selecting safer ICM. The negative result of the
skin test means a non—IgE-mediated reaction, which might not be
used as a clue.

Statistical analysis

Statistical analyses were performed using the SPSS 22 software
package (SPSS, Chicago, Ill). The results are presented as mean
+ SD for continuous variables and as raw numbers (%) for
categorical variables. Differences between continuous variables were
analyzed by the Student 7 test. The categorical variables were
analyzed using Fisher exact test and the chi-square test, as appro-
priate. A P value of less than .05 was considered significant.

RESULTS
Skin tests

We found 73 patients with a history of IHR to ICM, who
were referred to allergists for further evaluation from April 2015
to April 2018. Four patients were excluded because their culprit
ICM could not be identified, and the remaining 69 patients were
included in the study. All patients underwent IDT with a panel
of 7 ICMs. Sixty (87%) patients tested positive against at least 1
ICM. On average, 3 ICMs were reported positive per patient.

The subjects were divided into 2 groups according to the IDT
results using the culprit ICM (Figure 1). Thirty-eight (55%)
patients showed a positive result in the skin test with the culprit
ICM (CULPRIT+ group), and 31 (45%) showed a negative
result in the skin test with the culprit ICM (CULPRIT — group).
In the CULPRIT+ group, 16 patients were reexposed to
contrast media following the IDT. In the CULPRIT— group, 22
patients underwent repeated CT' scanning,

Baseline and clinical characteristics of patients who underwent
IDT are summarized in Table I. When comparing the
CULPRIT+ group and the CULPRIT— group, their mean age,
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sex, body mass index, underlying allergic discase as well as
smoking history showed no difference. Regarding comorbidities
other than allergic disease, diabetes mellitus was more common
in the CULPRIT— group while prevalence of malignancy and
hypertension was not significantly different between the 2
groups. Severity of index event, exposure history to the ICM, and
interval between the IHR and the IDT also showed no signifi-
cant difference between the 2 groups. The number of positively
skin  tested ICMs was significantly higher in the
CULPRIT+ group (Table I).

Results of IDTs and outcome of IHRs

Among the 38 patients in the CULPRIT+ group, only 16
(42%) underwent additional CT examination after the IDTs.
Five of 16 patients were exposed to the ICM that showed a
positive IDT result. In spite of the premedication before the CT
examination, 4 (80%) of these patients experienced repeated
IHRs. Meanwhile, the remaining 11 CULPRIT+ patients were
exposed to ICMs that showed negative skin test results. None of
them experienced adverse reactions related to ICM.

Among the CULPRIT— group, CT was performed again in
22 (71%) patients, 5 of whom used ICMs that had produced a
positive IDT result. However, all 5 patients underwent the
additional CT scanning without any adverse events. Meanwhile,
the remaining 17 patients were exposed to IDT-negative ICMs.
Two of them experienced IHRs while the others did not
(Figure 1). The details of IDT results, rechallenged ICM, and
severity of IHR are summarized in Tables II and III.

The severity of the hypersensitivity reactions of all patients is
depicted in Figure 2. The inner colored circle reflects the severity
of the initial IHR, whereas the outer colored circle reflects the
severity of the subsequent IHR of the patients when exposed to
the alternative ICM. In the CULPRIT+ group, 4 patients who
used an IDT-positive ICM experienced an IHR again. The
reaction severity did not appear to change even though the pa-
tients used different ICM, in addition to administration of
premedication. However, when the patients in the
CULPRIT+ group used an IDT-negative ICM, none of them
experienced IHRs regardless of the severity of their previous

| Immediate hypersensitivity reactions (n=73) ‘

* Culprit ICM was
not reused.

Unknown culprit ICM (n=4) '7

l Intradermal skin tests (n=69) |
:

Positive IDT with culprit ICM

Negative IDT with culprit ICM‘

(n=38) (n=31)
[ ] [ 1
IDT (+) ICM IDT (-) ICM IDT (+) ICM IDT (-) ICM
(n=5) (n=11) (n=5) (n=17)
—— ——
HSR + HSR - HSR + HSR - HSR + HSR - HSR + HSR -
(n=4) (n=1) (n=0) (n=11) (n=0) (n=5) (n=2) (n=15)

FIGURE 1. Intradermal skin testing and reexposure to ICM. The study flowchart. HSR, Hypersensitivity reaction; /CM, lodinated contrast

media; /D7, Intradermal skin test.
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TABLE I. Patient characteristics according to the skin test results

Characteristic CULPRIT+ (N = 38), n (%) CULPRIT— (N = 31), n (%) P value
Age (y) 58.8 + 10.9 56.6 + 14.0 0.46
Sex: female 24 (63.2) 16 (51.6) 0.33
Body mass index 242 + 3.0 23.9 +£2.78 0.70
Current smoker 4 (10.5) 6 (19.4) 1.00
Comorbidities
Allergic disease 5(13.2) 6 (19.4) 0.53
Malignancy 18 (47.4) 18 (58.1) 0.78
Diabetes mellitus 1(2.6) 6 (19.4) 0.02
Hypertension 6 (15.8) 10 (32.3) 0.11
Severity of index event (severe/moderate/mild) 24/3/11 (63.2/7.9/28.9) 15/2/14 (48.4/6.5/45.2) 0.38
History of ICM exposure 0.80
Never exposed 6 (15.8) 6 (19.4) 0.70
No. of ICM exposures 11.1 £ 15.6 11.0 £ 13.5 0.97
Interval to IDT (>7 wk) 18 (47.4) 17 (64.5) 0.19
No. of skin test—positive ICMs 44+ 14 1.1 +£14 0.00

CULPRIT + and CULPRIT—: patients with positive and negative IDT results, respectively, to the culprit ICM.
Data are presented as mean £ SE and n (%).

reaction. In the CULPRIT— group, 5 patients who had origi- DISCUSSION

nally experienced severe and mild IHRs completed the CT scan In our study, 69 patients with history of IHR to ICM were
safely when using the IDT-positive ICM. It was interesting to see ~ analyzed. Patients were divided into 2 groups according to the
that 2 of the 17 patients who were exposed to IDT-negative ICM  IDT results using the culprit contrast agent. Thirty-eight patients
experienced an IHR. One patient whose previous reaction wasa  showed positive result to the causative ICM (CULPRIT+

severe anaphylaxis experienced localized urticaria in the subse- group), whereas 31 showed negative result (CULPRIT— group).
quent CT scan. The other patient was subjected to 2 additional Of the 38 CULPRIT+H patients in this study, 16 were reex-
CT scans using 2 different ICMs, both of which had been IDT-  posed to an ICM, and 5 of those were reexposed to an IDT-
negative. This patient experienced repeated anaphylaxis when positive ICM. IHRs occurred in all except for 1 patient, and
using the first IDT-negative ICM (ioversol). However, when he  the severity of those reactions was equivalent to that of the initial
used another IDT-negative ICM (iohexol) in the following CT ~ IHR. Meanwhile, none of the 11 patients exposed to IDT-
scan, no adverse reaction occurred (Figure 2). negative ICM experienced any adverse reactions related to

TABLE Il. Reexposure to ICM in the CULPRIT+ group

Patient Panel of ICM used for skin test Reexposure

No. Age (y)/sex lopromide lohexol lopamidol loversol lobitridol lomeprol lodixanol ICM IDT Change in severity
1 70/F 4 = = = = + — Tohexol — 3—-0
2 38/F - — - + +* — - Tomeprol — 3-0
3 57/F — + +* + + = — Todixanol — 1—-0
4 66/F - - +* — + — - Toversol — 30
5 35/F + + +* + — + Toversol - 3—0
6 66/M - —+ +* + - —+ +* Tobitridol - 3—-0
7 51/F + S + = + + Iopamidol = 3—0
8 47/M + - - + + +* + Iopamidol — 2—0
9 81/M - aF + + — + + Iobitridol — 1-0
10 40/F + + + — - — + Iobitridol — 3—0
11 70/M = = = + + T 4F Iopamidol — 3—-0
12 67/M + + + + + - + Tohexol + 1—0
13 59/F + — + + — — — Toversol + 22
14 57T™M + +-* + 4% — + — Iopamidol + 3—-3
15 70/F + aF + A + aF - Tobitridol + 1—1
16 29/F + + + + + + Tohexol + 1—1

F, Female; M, male.
Table IT summarizes the results of skin test using a panel of ICMs and the results of reexposure.
*Culprit ICM.
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TABLE lll. Reexposure to ICM in the CULPRIT— group
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Patient Panel of ICM used for skin test Reexposure
No. Age (y)/sex lopromide lohexol lopamidol loversol lobitridol lomeprol lodixanol ICM IDT Change in severity
17 75/F = = = = = = = Iobitridol = 1—-0
18 49/M — - - - - - + Iopamidol — 3—0
19 65/F = = = - - - - Tohexol - 1—0
20 37/M + - - - - - - Iohexol — 3—1
21 57TM aF I - = I = = IToversol = 3—-0
22 64/F —* - - - - - - Topamidol - 3—-0
23 63/M — — —+ - — —* - Tohexol — 3—-0
Toversol - 3—-3
24 64/M + = = =5 + + = Topamidol - 3—0
25 34/F + - - + + - - Iopamidol - 2—-0
26 78'M + = = = = = = Toversol = 3—-0
27 58'M — - - — — — — Tobitridol — 1-0
28 43/ M = = = = = = = Iohexol = 1-0
29 67/M - - - - - - - Tobitridol - 1-0
30 34/F I I = = aF + + Toversol 3—-0
31 59'M — — — — Tobitridol 1—0
32 65/M = = = = = =* = Topamidol = 1—-0
33 62/F — - - — — — Iopamidol 1—-0
34 46/M 4 I - I =% = = Iopromide + 1—-0
35 60/F + + - - + - - ITohexol + 3—-0
36 69/M — + + = + — —* Tohexol + 3—-0
37 73/F — + - —* - — - Tohexol + 1-0
38 56/F =" + = - — + - Tohexol + 3—0

F, Female; M, male.

Table III summarizes the results of skin test using a panel of ICMs and the results of reexposure.

*Culprit ICM.

contrast media. These results can be explained by the cross-
reactivity of IgE antibodies with allergens in ICMs. Cross-
reactivity was commonly observed between iodixanol, iohexol,
ioversol, and iomeprol.20 However, in our study, iopromide,
iobitridol, and iopamidol also reported cross-reactivity. For the
patients in the CULPRIT+ group, whose IgE-mediated IHR
was confirmed by IDTs, cross-reactivity between contrast media
should be considered.

Of 31 patients in the CULPRIT— group, 22 patients were
reexposed to an ICM. All 5 patients who were exposed to
IDT-positive ICM  completed CT scanning without any
adverse events. This could be explained by the false-positive
results and the low positive predictive value of IDT espe-
cially in the patients whose previous hypersensitivity reaction
might have been nonimmunologic. Two of the 17 patients
who were exposed to an IDT-negative ICM experienced IHR.
The results of the single patient who experienced IHR when
exposed to one IDT-negative ICM, but not when exposed to
another IDT-negative ICM, implies the possibility of
involvement of both immunologic and nonimmunologic
mechanisms in a person with different contrast media. When
the culprit ICM showed a negative result in IDT, a skin test
using the other contrast media did not have a role in pre-
dicting the adverse reaction in the subsequent exposure. In
this group, changing the ICM regardless of the IDT results,
accompanied by premedication, alleviated the IHR and indi-
cated that a non—IgE-mediated mechanism might contribute
to the reaction.

In 2013, Prieto-Garcia et al'’ showed that the patients with a
history of THR to ICM with positive skin test results to the culprit
ICM had tolerated subsequent exposure to an alternative skin
test—negative ICM with no premedication. However, they used
“controlled challenge testing” when using the alternative agent,
which requires dose escalation every 30 minutes. Moreover, their
sample size was smaller than that in the present study.'’

In our study, the overall recurrence rate of IHR to skin
test—negative ICM in patients with a history of IHRs to ICM
was 7% (2 of 28), consistent with the meta-analysis conducted
by Yoon et al® in 2015. The study of Schrijvers et al® included
172 patients with a history of IHR who were exposed to skin
test—negative ICM. The recurrence rate of IHR to skin
test—negative ICM in these patients was 6.2%, which was also
similar to our results.® However, in both studies, the initial
culprit ICM was not identified in many patients. In addition, the
present study uniquely included patients who were subsequently
exposed to a skin test—positive ICM, and the analysis was based
on the results of IDT's using the culprit ICM.

The final goal of this study was to generate an algorithm for
minimizing future IHRs in patients with a history of IHRs. From
analysis of 69 cases, we suggest an algorithm based on the IDT
results from the causative ICM (Figure 3). When the culprit
agent produces a positive IDT result, additional skin tests with
other available agents should be carried out to identify safe
substitutes. If all tested agents are IDT-positive, the physicians
should consider changing the diagnostic or treatment modalities
for which ICM is not required. If any IDT-negative agents are
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. Severe

Moderate

4/5

Mild

Culprit
gative

2/18
(11%)

FIGURE 2. Hypersensitivity reactions to alternative ICM. The inner colored circle reflects the severity of the index event, while the outer
colored circle shows the severity of the hypersensitivity reaction when using alternative ICMs. The circles are grouped by the IDTresult of
the culprit ICM (“Culprit positive/negative”) and then by the IDT result of the alternative ICMs. *The patient with 2 different hypersen-
sitivity reactions to subsequent exposures.

Immediate hypersensitivity reactions to known ICM

I
Skin tests with culprit ICM

Positive Negative
l ,,
Skin test with other ICM Changing ICM +
Premedication
All positive Some negative
A Y
Avoidance Skin test negative ICM
+ Premedication

FIGURE 3. Skin test—based algorithm for selection of alternative ICM in patients with a history of hypersensitivity reactions to known
ICM. The suggested algorithm is based on the results of IDTs to culprit contrast media.
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available, they should be selected for the next exposure to ICM.
For patients whose culprit ICM is IDT-negative, additional skin
testing might not be helpful for selecting safe alternative
(Figure 3).

Unfortunately, there are several limitations in this study. First,
premedication was not consistent between subjects. Even though
the premedication was mainly administered according to the
American College of Radiology guidelines, the injection time and
dosage of each drug were slightly different between the patients.
Second, because culprit agents were not reused in all cases, the
outcomes of rechallenge with IDT-negative culprit ICM were
not evaluated in this study. Finally, the number of patients was
low because it was a single-center study. Additional multicenter
studies are required with a larger number of patients. To address
this, we have built up a network composed of 13 referral hos-
pitals, known as The Korean Network of Allergists & Radiolo-
gists for Research to Radio-contrast Media-associated Adverse
Reactions (KOARZA). Validating our algorithm is one of the
projects that KOAR’A is planning under the sponsorship of the
Korean government. Upon completion of this larger-scale study,
the result could be adopted clinically and reflected in the inter-
national guidelines.

In conclusion, by using the IDT result with the culprit ICM,
we could tell whether or not IHRs are IgE-mediated. When the
culprit ICM was IDT-positive, an additional IDT with other
ICMs was helpful to select an IDT-negative ICM for the
following exposure. However, when the culprit ICM was IDT-
negative, further IDTs did not play a role in predicting IHRs
in this study. Although further validation is required, the results
of the present study suggest a practical algorithm for preventing
the recurrence of hypersensitivity reactions in patients with a
history of reactions to a known culprit ICM.
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