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Abstract
Background: Patients with a previous history of hypersensitivity reaction (HSR) to iodinated
contrast media (ICM) are at high risk for the development of HSR to ICM. Many studies
have tried to evaluate the diagnostic potential of skin tests in this population but have not yet
reached a common conclusion. We investigated the role of skin tests in patients with HSR to
ICM in terms of positive rate, cross-reactivity rate, and tolerability to skin test-negative ICM
according to the type of HSR.
Methods: We performed literature searches of the MEDLINE and EMBASE databases and
included studies where skin tests were performed in patients with HSR to ICM, with
extractable outcomes. Outcomes were pooled using a random-effects model.
Results: Twenty-one studies were included. Pooled per-patient positive rates of skin tests
were 17% (95%CI, 10-26%) in patients with immediate HSR, and up to 52% (95%CI, 31-
72%) when confined to severe immediate HSR. Among patients with non-immediate HSR,
the positive rate was 26% (95%CI, 15-41%). The pooled per-patient cross-reactivity rate was
higher in non-immediate HSR (68%; 95%Cl, 48-83%) than in immediate HSR (39%; 95%ClI,
29-50%). Median per-test cross-reactivity rates between pairs of ICM were 7% (IQR, 6-9%)

in immediate HSR and 38% (IQR, 22-51%) in non-immediate HSR. Pooled per-patient
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recurrence rates of HSR to skin test-negative ICM were 7% (95%CI, 4-14%) in immediate
HSR, and 35% (95%CI, 19-55%) in non-immediate HSR.
Conclusion: Skin tests may be helpful in diagnosing and managing patients with HSR to

ICM, especially in patients with severe immediate HSR.

Keywords: contrast media, hypersensitivity, skin test, systematic review, meta-analysis

Background

Iodinated contrast media (ICM) are one of the most commonly used pharmaceuticals
in diagnostic medicine today, with approximately 75 million administrations conducted
yearly worldwide (1). Although generally considered safe, ICM can cause either immediate
(2 1 hour after exposure) or non-immediate (>1 hour after exposure) hypersensitivity reaction
(HSR), which is a concern considering its vast use. Fortunately, the incidence of immediate
HSRs has declined with the introduction of non-ionic ICM, but still 0.7— 3.1% of patients
have been reported to experience mild immediate HSRs and 0.02-0.04% severe immediate
HSRs which can be life-threatening (2).

The best way to prevent HSR to ICM is avoiding the causative agent, as
recommended for drug hypersensitivity in general. If ICM administration cannot be avoided,
ICM use with corticosteroid and anti-histamine premedication may be attempted for patients
at risk of developing HSR to ICM (3, 4). However, premedication alone may not be sufficient
for HSR prevention, particularly in patients with severe HSR to ICM (5-7). To complement
for this, the addition of skin tests may be useful in identifying patients sensitized to ICM and
in guiding selection of an alternative non-cross-reactive ICM (8).

We, therefore, systematically reviewed and meta-analyzed studies on skin tests

performed for the evaluation and management of patients at risk of HSR to ICM in terms of
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positive rate, cross-reactivity rate, and tolerability to skin test-negative ICM.

Methods
Search strategy

Two of the authors independently performed a literature search of the MEDLINE and
EMBASE databases to identify relevant publications using keywords related to contrast
media and skin tests from January 1980 until June 2014. This search was further

supplemented by screening bibliographies of the retrieved articles and review articles.

Selection of studies

We applied the following criteria to determine eligibility: (1) Study populations
consisting of at least four or more patients suspected of having had previous HSR after
administration of ICM; (2) Skin tests of at least one kind, among the skin prick test (SPT),
intradermal test (IDT), and patch test (PT); (3) Data described in sufficient detail to extract
outcomes.

Studies were excluded if the protocol of the skin test was not described at all or was
not in accordance with current skin testing guidelines (9, 10). If study populations were
overlapping, the study having enrolled the largest number of patients was included. We
contacted all authors in case the identified abstracts were presented only for a conference
without available full-text publications. When necessary, we contacted the author for

additional unpublished data related to the full-text article.

Definition of outcomes
The primary outcome of this meta-analysis was the per-patient positive rate of skin

tests in patients with immediate or non-immediate HSR to ICM. The positive rate of IDT was

This article is protected by copyright. All rights reserved.



further subdivided by reaction severity, tested ICM (culprit versus alternative), and time
interval between reaction and testing (1-6 months versus > 6 months)(11). Secondary
outcomes included per-patient cross-reactivity rates, per-test cross-reactivity rates between
pairs of ICM in skin test-positive patients, and per-patient recurrence rates of HSR to
alternate skin test-negative ICM.

Per-patient positive rates of skin tests were assessed collectively as well as separately
for each type of skin test performed, i.e., SPT, IDT, and PT. Reading times of skin tests were
confined to 20 minutes or less after testing (immediate reading) for immediate HSR and to 1
day or more after testing (delayed reading) for non-immediate HSR (9). Concentrations of
ICM were limited to undiluted for SPT, 10! diluted for IDT, and undiluted for PT (12). Per-
patient false positive rates in subjects tolerating ICM exposure were evaluated as control. We
also looked for the presence of systemic reactions after skin testing. The severity of HSR
described in individual studies was re-adjusted as follows (11, 13)(Additional file 1: Table
S1): mild immediate HSR, generalized cutaneous and/or mucocutaneous symptoms;
moderate immediate HSR, mild systemic symptoms; severe immediate HSR, life-threatening
systemic symptoms or cardiac and/or respiratory arrest; mild non-immediate HSR, no
treatment required; moderate non-immediate HSR, symptoms responding readily to
appropriate treatment and not needing hospitalization; severe non-immediate HSR, life-
threatening or requiring hospitalization.

Cross-reactivity was considered to be present when allergological tests, including
skin tests or drug provocation tests, were positive to two or more ICM agents and it was
evaluated in individual patients (per-patient cross-reactivity) or in the test results of total skin
test-positive patients (per-test cross reactivity). The per-test cross-reactivity between pairs of
ICM were individually assessed on a 12-by-12 table, in which rows and columns consisted of

twelve ICM if complete data on the results of skin test and the list of the tested ICM were

This article is protected by copyright. All rights reserved.



clearly specified in the skin test-positive patients.

In regard to the per-patient recurrence rate of hypersensitivity reactions after
challenge of skin test-negative ICM, it was considered to be tolerable when the reaction did
not occur either to full dose challenge to ICM or to graded challenge/drug provocation test
without premedication (14-16). In patients undergoing multiple challenges to different skin
test-negative ICM, the patient was regarded tolerant only when all challenged ICM did not

cause a reaction.

Data extraction and quality assessment

Data extraction using a standardized form and quality assessment were performed
independently by two authors. We used the Quality Assessment of Diagnostic Accuracy
Studies (QUADAS)-2 tool for quality assessment (17). All disagreements were harmonized

by consensus.

Statistical analysis

Extracted outcomes were pooled by weighted averages using the DerSimonian-Laird
random-effects model according to the type of hypersensitivity. Pooling of overall positive
rates of skin tests was limited to studies that have included IDTs in ICM testing and included
patients with all three severities of HSR (mild, moderate, and severe). Heterogeneity across
the included studies was evaluated using I” statistics. I was derived from the Cochran Q
statistic with the following equation, 12=100%X(Q—df)/Q. An I statistic> 50% was regarded
as indicating substantial heterogeneity (18).

To explore reasons for statistical heterogeneity, sensitivity analysis was performed by
recalculating the pooled positive rates of skin tests based on a fixed-effects model and the

characteristics of the studies. The potential for publication bias was evaluated visually using
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funnel plots. All meta-analyses were performed using MetaAnalyst 3.1 software (version 3.1,
Tuft Medical Center, Boston, BA, USA)(19).
Results
Literature search

Our initial search identified 2020 references. Of these references, twenty one studies
(11, 20-39) were finally included in our analysis (Figure 1)(Additional file 2, 3: Table S2, S3)

(E1, R2).

Characteristics and quality assessment of the included studies

The number of the study populations in the included studies ranged from 4 to 122 in
immediate HSR (11, 20-32) and from 10 to 161 in non-immediate HSR (Table 1)(11, 21, 23,
24, 26, 33-39). All studies were performed in Europe and Asia. The protocols of skin tests
were similar across the included studies (Additional file 4, 5: Table S4, S5).

When assessed by the QUADAS-2 tool, the included studies appeared to have
relatively low risk of bias in patient selection and index test (Appendix file 6: Figure S1).
However, the risk of bias was mostly unclear in the reference standard as well as in the flow
and timing as the definition of the study populations itself was used as a reference standard in

several studies.

Positive rates of skin tests

In patients with immediate HSR to ICM, the pooled positive rate of skin tests was
17% (95% CI, 11-26%; 1’=45%) and was identical to that of IDT (11, 22, 24, 25, 27, 28, 31,
32)(Figure 2, Table 1). The pooled positive rate of SPTs was 3% (95% CI, 1-5%; I’=0%)(11,
24,25, 27, 28, 31, 32). The pooled positive rates of IDT were shown to rise as the severity of

reactions increased (mild HSR, 12% [95% CI, 6-23%], ’=38% (22, 25-28, 31, 32); moderate
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HSR, 16% [95% CI, 10-24%)], ’=6% (22, 25-29, 31, 32); severe HSR, 52% [95% CI, 31-
T74%], ’=42% (11, 20, 22, 25, 27-32)). IDT-positivity in patients with immediate HSR was
more frequently found when the culprit ICM was applied (applying culprit ICM, 23% [95%
CIL, 14-36%), I’=45%; not applying culprit ICM, 3% [95% CI, 1-6%], ’=20% (11, 25, 26, 28,
31, 32)). IDTs performed between 1-6 months after the resolution of the reaction showed
higher positive rates than those performed after 6 months in three (11, 26, 28) of four studies
(11, 26-28), although the data were not pooled due to the limited number of studies (Table 1).

The pooled overall positive rate of skin tests in non-immediate HSR was 26% (95%
ClL, 15-41%; Iz=45%)(11, 24, 26, 33, 36-39)(Figure 2, Table 2). The relationship between the
positive rate of IDTs and reaction severity could not be evaluated due to insufficient data. The
pooled positive rates of SPTs, IDTs, and PTs were 7% (95% CI, 1-30%; 12:45%)(24, 37),
22% (95% CI, 13-34%; ’=43%)(11, 24, 26, 33, 36-39), and 16% (95% CI, 9-26%;
12:41%)(11, 26, 33, 35, 37-39), respectively. When PT was performed in addition to IDT, it
contributed to 7% of the overall positive rate of skin tests (95% CI, 3-15%; 12:29%)(11, 26,
33, 37-39). IDT-positivity in patients with non-immediate HSR was more frequently found
when the culprit ICM was applied (applying culprit ICM, 20% [95% CI, 11-36%], 1°=44%;
not applying culprit ICM, 5% [95% CI, 2-11%], ’=29% (11, 26, 33, 36-39)). IDTs performed
between 1-6 months after the resolution of HSR showed higher positive rates than that
performed after 6 months in two studies (11, 26)(Table 2).

False positivity of skin test was not found in three of four studies on immediate HSR
(11, 21, 32) and only one study reported two false positives results among 11 controls in
immediate reading (26). In six studies on non-immediate HSR, none reported any false
positive skin test results (11, 21, 26, 36, 38, 39)(Appendix file 7: Table S6). There was only
one case of immediate systemic reaction after the IDT presenting with urticaria,

rhinoconjunctivitis, and glottis edema in a patient with a previous severe immediate HSR to
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ICM (11).

Per-patient cross-reactivity rate

Pooled per-patient cross-reactivity rates were 39% (95% CI, 29-50%; ’=9%) in
immediate HSR (11, 20-22, 25, 27-29, 31, 32) and 68% (95% CI, 48-83%; I’=36%) in non-
immediate HSR (Figure 3, and Appendix file 8: Table S7)(11, 33, 34, 36-39). Pooled
proportion of patients with cross-reactivity to more than half of the tested ICM were 9%
(95% CI, 5-17%; 1’=0%) in immediate HSR (11, 20-22, 25, 27-29, 31, 32) and 46% (95% CI,
26-68%; 12=30%) in non-immediate HSR (11, 33, 34, 36, 37). When four or more ICM were
tested, skin test-negative ICM was detectable in 93% (95% CI, 85-97%; Iz=0%) of skin test-
positive patients with immediate HSR (11, 20, 25, 27-29, 31, 32) and 90% (95% CI 77-96%;

12:0%) of those with non-immediate HSR (11, 33, 34, 36, 37).

Per-test cross-reactivity rate

Pooled point estimates of per-test cross-reactivity rates between pairs of ICM ranged
from 4% to 21% in immediate HSR and from 3% to 74% in non-immediate HSR (Table 3).
When limited to non-ionic ICM, more frequent cross-reactivities across ICM were observed
in non-immediate HSR (median, 38%; IQR, 22-51%) than in immediate HSR (median, 7%;
IQR, 6-9%). Median cross-reactivity rates for each non-ionic ICM in non-immediate HSR
were as follows: iopentol, 56% (IQR, 38-68%); iodixanol, 52% (IQR, 37-60%); ioversol,
50% (IQR, 36-62%); iohexol, 44% (IQR, 33-60%); iopromide, 41% (IQR, 30-49%);
iopamidol, 40% (IQR, 30-50%); iomeprol, 35% (IQR, 30-41%); iotrolan, 22% (IQR, 18-

24%); and iobitridol, 21% (IQR, 17-23%).
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Tolerability to skin test-negative ICM

Pooled per-patient recurrence rates of HSR to skin test-negative ICM were 7% (95%
CI, 4-14%; 1’=0%) in immediate HSR (20, 22-24, 31, 32), and 35% (95% CI, 19-55%;
12:31%) in non-immediate HSR (Figure 4, and Appendix files 9-10: Table S8-9)(23, 24, 33,

36-39).

Sensitivity analysis and publication bias analysis

Pooled positive rates of skin tests based on the fixed-effects model were similar with
those of random-effects model (Appendix file 11: Table S10). The pooled positive rates of
skin tests were affected by the proportion of patients with mild HSR, use of culprit ICM, time
interval between reaction and testing, and number of tested ICM. There was no evidence of

publication bias on visual evaluation of funnel plots (Appendix files 12-14: Figures S2-4).

Discussion

HSR to ICM has traditionally been considered non-allergic, but there is growing
evidence that IgE-mediated allergic reactions may be partly involved in immediate HSR and
T cell-mediated reactions in non-immediate HSR (40). However, the role of allergy skin tests
in patients with HSR to ICM has not been established currently. At present, the skin test is the
most widely used diagnostic tool for drug allergy due to its easiness, and non-invasiveness
(9). However, its routine use in ICM hypersensitivity is still a matter of debate (11, 14).

In this meta-analysis, we appraised the role of skin tests as a diagnostic tool to prove
the causative agent in patients with HSR to ICM. Overall skin test-positivity has a limitation
not only in immediate HSR but also in non-immediate HSR. Relatively low pooled positive
rates of skin tests may support the traditional belief of the non-allergic mechanism of HSR to

ICM. However, in patients with severe immediate HSR such as anaphylaxis, skin test was
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assumed to be useful, given that the pooled proportion of skin test-positive cases increased up
to 52%.

We found that IDTs were more suitable than SPTs because IDTs predominantly
contributed to skin test-positivity whereas SPTs rarely found skin test-positive cases.
Additional skin test-positive cases were found with PTs in patients with non-immediate HSR.
Skin testing in patients with HSR to ICM was pretty safe with low rate of systemic reaction
and false positivity was seldom found in the included studies (R1-4). Subgroup analysis
revealed two factors affecting the positive rates of IDTs, which were use of culprit ICM and
time interval between HSR and the skin test. Therefore, the exposure history to culprit ICM
should be taken before performing skin test.

Prior to premedication, the key principles of management for drug hypersensitivity
are to prohibit the use of culprit drug, to avoid cross-reactive agents, and to identify non-
cross-reactive agents (14, 41). In contrast to the results from other drugs, pooled per-patient
cross-reactivity rates among ICM in non-immediate HSR was much higher than those in
immediate HSR. Such a high cross-reactivity in non-immediate HSR might be attributed to
nonspecific stimulation or pharmacological interaction with immune receptors across ICM,
although further validation is needed. Considering broad cross-reactivity but very high
success rate detecting skin test-negative alternative ICM when performed with four or more
ICM, skin tests seem to be useful tool to find non cross-reactive alternative ICM in patients
experiencing HSR to ICM.

More frequent cross-reactivities were found over various ICM in non-immediate
HSR. The underlying mechanisms of cross-reactivities among non-ionic ICM were
demonstrated in previous studies by the presence of T-cell clones (42) along with specific
recognition of the ICM in T cell receptors (43). Iobitridol and iotrolan showed the lowest per-

test cross-reactivity rates among non-ionic ICM in non-immediate HSR. This in vivo result is
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in accord with the results of an in vitro test of T cell clones showing iobitridol and iotrolan to
be the least stimulatory ICM among non-ionic ICM (42). More studies on iobitridol testing
need to be performed to determine whether this agent is truly the least cross-reactive
alternative ICM (24, 33, 38, 39, 44, 45). In immediate HSR to ICM, the exact mechanism of
cross-reactivity remains unclear presently (46).

Skin test-negative ICM was more tolerable in immediate HSR than in non-immediate
HSR. Our results shows that skin tests has limitation in predicting non-cross-reactive ICM in
non-immediate HSR. The use of non-cross-reactive ICM determined by a skin test alone
could not completely prevent the recurrence of HSR. However, it is worth mentioning that
skin tests may be beneficial even in false negative cases because recurred HSR to skin test-
negative ICM was shown to be milder than initial HSR (39) and the stimulation index on the
basophil activation test with false skin test-negative ICM tended to be lower than that of skin
test-positive ICM and higher than that of true skin test-negative ICM (32). Thus, skin tests
may give physicians a chance to avoid severe reactions to ICM even in the cases where skin
tests are false-negative possibly preventing recurrence of HSR even more effectively than
when premedication is used alone (47).

The included studies evaluated a relatively small number of patients and its baseline
characteristics were heterogeneous. These heterogeneities resulted in broadening of 95% CI
and affected the pooled outcome in sensitivity analyses. This suggests that testing needs to be
performed optimally to ensure reliable and comparable results of skin test positivity.

The confidence of suspicion on a previous HSR to ICM might have differed over the
included studies. Also, different osmolarities and viscosities for each ICM used in testing
may potentially affect the results, but has rarely been considered in the included studies. In
our analysis, we did not evaluate the positive rates of IDT with undiluted ICM because the

use of such a high concentration could increase false positivity by irritation (12). However,
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testing with undiluted ICM may have an advantage in improving the sensitivity of PT in non-
immediate HSR (38, 39).

Finally, the lack of reference standards, such as drug provocation test/graded
challenge or full dose challenge, was another limitation in some of the included studies, as
they can be a potential harm especially in patients with severe HSR to ICM (16).

In conclusion, our meta-analysis suggests that skin tests can be a potentially useful
diagnostic tool to prove the reactive ICMs and may help determine non cross-reactive

alternative ICM in patients with severe immediate HSR to ICM.
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Table S8. Per-patient recurrence rate of HSR after challenge of skin test-negative ICM in
patients with HSR to ICM
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Figure legends
Figure 1. Flow Diagram of the Literature Search

HSR, hypersensitivity reaction; ICM, iodinated contrast media.

Figure 2. Positive rates of skin tests in patients with HSR to ICM

HSR, hypersensitivity reaction; ICM, iodinated contrast media.

Figure 3. Per-patient cross-reactivity rates in skin test-positive patients with HSR to
ICM

HSR, hypersensitivity reaction; ICM, iodinated contrast media.

Figure 4. Recurrence rates of HSR to skin-test negative ICM in patients with HSR to
ICM

HSR, hypersensitivity reaction; ICM, iodinated contrast media.

Tables
Table 1. Per-patient positive rates of skin tests in patients with immediate HSR to ICM

Positive rate

. Positive rate of IDT according to
of skin tests

Tested ICM Severity of HSR Time intervalfii
Source — "
SPT IDT cwprt oy Mil Mode Sever 1-6 >6
ICM alternative d rate e months  months
i ICM i
Dewach
ter et al, 50% 100% 100% 0% 100% 4/4
2001 (2/4) (4/4) (4/4) 0/4) (4/4) (100%)
(20)
Trcka et
0%
al, not 4% T% 8%
2008 done (4/96) NS ((())/)4 (3/44) (1/12) NS
(22)
ir;’fl;f Z‘; (2362(/7‘1 38% 7% 26% 28% 7% 114?/(7704)
’ 24, 121 24/92) %141 2 17/4
5009 2y oy QM6 ®M20 QAR 629 aTAeT
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an

Caimmi 15%

etal 0% (151

2010 ((;)1/)1 01) NS il NS

24) T

Dewach

ter et al, (4;/02 ;4162(/7‘; 46% 0% 33%  40% T1% NS

2011 5 6 (12/26) (0/26) (3/9)  (4/10)  (5/7)

(25)

Goksel 0%

etal, o1 14% 20% 0% 14%  14% 20% 0%
2011 N @14 (2/10) (0/4) Y ) (2/10) (0/4)
(26) )

Pinnobp

h;m et ((Z‘; (2145‘/72 24% 0% (2132‘/7‘,; 0%  60% 24% 24%
al,

2011 3 3 (15/63) (0/63) 3 ©/5)  (3/5) (8/34) (7129)
X))

Iiifgoeg (332; (2162‘2 22% 4% (I:Z"l 25%  57% 37% 21%
a.

’ 10/4 2/4 2 47 14
28) 2) 6) (10/46) (2/46) ) (2/8) (47 (7119)* (3/14)
Kim et
al, 2014 (ZI(Z (6353(/%; 48% 22% 18% éi(ﬁ NS
(29) " D (22/46)  (11/51) /11) o
T
Renaudi
netal, 14% 57% 57%

2013 @ NS & NS
(30)
Prieto-
(iaffia ((();/01 (1101(/7‘1 14% 0% (2/0/60 o 14% 9%
et a
; 11/78 0/106 4/29)  (1/11
2013 06  06) ( ) ( ) ) (429) (1/11)
(€29)
Sl el é(i; 6% 6% 2% (8;29 11%  100% s
?3’2) 0 (5/90) (4/65) (1/90) ) (2/18)  (3/3)

Abbreviations: HSR, hypersensitivity reaction; ICM, iodinated contrast media; SPT, skin prick test; IDT,

intradermal test; NS, not specified. Numbers in parentheses indicate the number of patients. Skin tests only

included SPT and IDT, of which readings were done within 20 minutes or less after testing (immediate reading).

Positive rates of IDT were extracted based on IDT using 10™" diluted ICM.

I Positive rate of IDT tested including culprit ICM.

1% Positive rate of IDT tested not including culprit ICM.

$1+ Time interval between immediate HSR and the skin test.

$1%+ Positive rates could not be separated according to the severity of HSR.

T Time interval ranged from 1 week to 1.5 months in this study.

11 A time interval between HSR and the skin test was unknown in one patient.

111 There were seventeen skin test-positive patients with immediate HSR to ICM. Among them, two patients

were skin-test positive at delayed reading. Although the study described the severity of HSR in skin test-positive
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patients, the positive rate of IDT could not be assessed as the severities of HSR in two skin test-positive patients
at delayed reading were not identified in the text.

1111 The abstract presented for a conference without available full-text publication in 2013 was initially
identified by a literature search and data could be obtained through contact with the corresponding author via e-
mail. This study was officially published in 2014.

* Thirteen patients undergoing skin tests within one month after HSR was not included in this proportion.
Among them, only one patient was skin test-positive.

*%*82% (9/11) of skin test-positive patients underwent skin tests between 1-6 months after HSR.

**%80% (4/5) of skin test-positive patients underwent skin tests between 1-6 months after HSR.

Table 2. Per-patient positive rates of skin tests in patients with non-immediate HSR to

ICM
Positive rate of skin tests: Positive rate of IDT according to
Adde Tested ICM Severity of HSR Time
d only
Source Al SP ID .. value Upiterna . Mo 1-6 >6
tests T T of PT rit tive Mil de- Seve mont mont
to 1{/? ICM rate ¢ hs hs
IDT oo
Vernassi 53 13 53%
ere et al, ?SZO Ti) % % 1% 3;2710 20% NS 015 p
2004 5) it @& @2/ (1/15) 1) (3/15) )
(33) 15) 15) Tt
Jiménez 25
etal, %
2006 ND ND ND 3/ ND NS NS NS NS
(35) 12)
Torres et 29% %79 29% 0% (249/(172
al, 2008 (4/1 ND ' ND ND (41 y NS NP
(36) 4) 4/ 4) 0/14) )
14) i
31 28
Brocko 48%
w et al, 39% % % 9% 38% 3% (30/6 23%
38/ ND @31 (22 (28/ NS (8/35
2009 08) 98 /79 (7/79) 74) (3/98) 2) )
(1) S Pt
Seitz et 19% 3% 1916 19% 14 15% 40
al, 2009 6/3 3/ %o % 0% (6/3 0% % (3/20 %
(3’7) ) 93 ©/ (5/ (0/31) 2) (0/32) 1/ ) (2/5
32) 31) 7 )
2010 (%l 5/ @3/ ND  ND NS NS 3/ (/1) ND
24) 32) 17) 16)
Goksel 10 14
et al, %(Z)ZO ND % % 14% }}7; 0% (()Zj 17% (%(/%i 29% 0%
2011 0) as as anmn ) /1) 3) (1/6) ) @7  (0/3)
(26) 100 7)
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Hasdent 18 14

32% 18%

eufel et % % 14% 0%

al, 2011 (;/)2 ND w3 6 (g/)z (0122) NS NS

(38) 22) 22)

Torres et (93 ?Z(; ?ﬁ; 0% 7% 39

al, 2012 ND (016 1 © NS NS
/161 /16 /16 (5/161)

(39) v h 1 bf 38)

HSR, hypersensitivity reaction; ICM, iodinated contrast media; SPT, skin prick test; IDT, intradermal test; PT,
patch test; NS, not specified; ND, not done. Numbers in parentheses indicate the number of patients. Skin tests
only includes SPT, IDT, and PT of which readings were done at least 1 day after testing (delayed reading).
Positive rates of IDT were extracted based on IDT with 10" diluted ICM(12).

I Positive rate of IDT tested including culprit ICM.

11 Positive rate of IDT tested not including culprit ICM.

11+ Time interval between the resolution of symptoms related to non-immediate HSR and the skin test.

1441 Although SPT was performed, the positive rate of SPT was not extracted as it is uncertain whether delayed
reading was done.

+ The text described that PT did not additionally detect skin test-positive cases when compared with the results
of IDT. However this description was based on the results of IDT using undiluted ICM. It was unclear whether
PTs additionally found skin test-positive cases when IDT with 10" diluted ICM was applied.

11 All patients underwent skin tests 1.5 to 8 months after the resolution of HSR.

t71 All patients underwent skin tests 2 months after the resolution of HSR. .

1911 Time interval ranged from 1week to 1.5 months in this study. Time interval between HSR and the skin test

was unknown in one patient.
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Table 3.Per-test cross-reactivity rates between pairs of ICM in skin test-positive patients

with HSR to ICM
Ionic Tonic Nonionic Nonionic
monomers | dimer monomers dimers
Immediate HSR [A™d0[1oxit
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8% 5% 6% 6%
Tonic |Toxaglat 1%t + E’;_ﬂ 1%+ (f_i % |t Z;_ﬂ (OO_T
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19%) 20%)
7%+%[10%% 6%
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5% 6%
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c 5%+
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14%)
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de (1- @ | ©
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Iotrolan

Ionic Tonic Nonionic Nonionic
monomers | dimer monomers dimers
Non-immediate |Amido|Ioxit
HSR - a- [loxagla| Iobitri [Iohex|lomepr| Iopami [Iopent{Iopromi|lovers| Iodixa | Iotrol
|triozoallama| te dol ol ol dol ol de ol nol an
te te
ido- 7% 7% 10%%| 7% 13% 8% 11% 9%
AfnldO ot ot 7%+ ot ok 1% 0% 9% ot 0% of
triozoat a-1| (@2- (1-29%) (3- (1- (2-24%) (4- (2-29%) (2- (3- (1-
Tonic | e 29%)| 24%) “126%) | 28%) | 33%) 127%) | 29%) | 44%)
monom 2%t 2%t
ers Toxita- ( 80 20%%1 ( 90
lamate 52%) (9-39%) 42%)
21%
Tonic |Ioxaglat 16%1 (liﬂ
i 7-32%
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83%)

TIodixan 24%
Nonioni ol (9-
¢ 50%)
dimers
Iotrolan

HSR, hypersensitivity reaction; ICM, iodinated contrast media; CI, confidence interval, I°, I’ statistics for
evaluating the heterogeneity across studies.

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 gray scale:
white, pooled point estimate is <10% and its upper limit of 95% CI is <30%; light gray, pooled point estimate is
11% and 15% or pooled point estimate is <10 with its upper limit of 95% CI is >30%; gray, pooled point
estimate ranged from 16% and 25%; -, pooled point estimate ranged from 26% and 50%; -, pooled

point estimate is >50%.
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| 2020 Articles from MEDLINE and EMBASE |

! I 119 Excluded (duplicated) |
| 1901 Abstracts reviewed |
| |
! »| 1750 Excluded |
151 Articles assessed for eligibility
(142 Full-text articles read 130 Excluded

9 Contact to author in abstract for conference) 46 Review, guideline, editorial, comment
I eview, v "

I 20 Studies not performing skin test
21 Artickes inchuded In analysis 49 Case reports reporting 1¢.r2pa!|ents
y G Abstracts for conference without reply when contacted
(20 Full-text article . P
1 abstract for conference) 2 Abstracts for conference officially published as original study
5 Unspecified or different protocol of skin test
1 Undividable patients according to type of HSR
1 Preferential inclusion of skin test-positive patients without
reporting other outcomes.

! !

Primary outcome: Secondary outcomes:
Per-patient positive rate of skin test 1) Per-patient cross-reactivity rate
| 2) Per-test cross-reactivity rate
3) Per-patient tolerability to skin test-negative ICM
18 Articles included

{immediate HSR, 726 pal'ticipanls in 12 studies; 17 Articles for per-patient crms_mact'wily rate
non-immediate HSR, 381 participants in 9 studies) —| (immediate HSR, 112 participants in 10 studies;
nen-immediate HSR, 78 participants in 9 studies)

12 Articles for par-test cross-reactivity rate
— (immediate HSR, 99 participants in 8 studies;
non-immediate HSR, 57 participants in 5 studies)

12 Articles for tolerability to skin test-negative ICM
L | (immediate HSR, 116 participants in & studies;
non-immediate HSR. 211 participants in 8 studies)
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Immediate hypersensitivity reaction
Treka et al, 2008
Brockow et al, 2009
Caimimi et al, 2010
Dewachter et al, 2011
Pimnobphun et al, 2011
Kim ¢t al, 2013
Prieto-Gaarcia et al, 2013
Salas et al, 2013
Pooled proportion

Heterogeneity: I'= 46%; P<0.001

Mild immediate hypersensitivity reaction

Treka et al, 2008
Dewachter et al, 2011
Goksel et al, 2011
Pinnobphun et al, 2011
Kim et al, 2013
Prieto-Giarcia et al, 2013
Salas et al, 2013

Pooled proportion

Heterogeneity: [°= 38%; P=0.020

Muoderate immediate hypersensitivity reaction

Treka et al, 2008
Dewachter et al, 2011
Goksel etal, 2011
Pinnobphun et al, 2011
Kim et al, 2013

Kim ¢t al, 2014
Pricto-Garcia et al, 2013
Salas et al, 2013

Pooled proportion

Heterogencity: I'= 6%; P=0.274

Severe immediate hypersensitivity reaction

Dewachter et al, 2001
Treka et al, 2008
Brockow et al, 2009
Dewachter et al, 2011
Pinobphun et al, 2011
Kim et al, 2003

Kim et al, 2014
Renandm et al, 2013
Prieto-Garcia et al, 2013
Salas et al, 2013
Pooled proportion

Heterogeneity: I'= 42%; P<0.001

Non-immediate hypersensitivity reaction

Vernassiere et al, 2004
Torres et al, 2008
Brockow et al, 2009
Seitz et al, 2009
Caimemi ¢t al, 2010
Goksel etal, 2011
Hasdenteufel et al, 2011
Torres etal, 2012
Pooled proportion

Heterogeneity: I*= 45%; P<0.001

Event
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15
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15
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Total

96
121
101
26
63

106

649

dmwed

gz

ra =

BTN 4

-

11

125

Proportion (95%:CT)

0.042 (0.016-0.106)
0.264 (0,194-0.350)
0.149 (0,092-0.232)
0462 (0.384-0.650)
0.238 (0.149-0.358)
0.261 (0.155-0.405)
0104 (0.058-0.178)
0.056 (0.023-0.127)
0.168 (0.103-0.261)

0.012 (0.001-0.167)
0.333 (0.111-0.667)
0.143 (0.020-0.581)
0.226 (0.135-0.358)
0129 (0.049-0.297)
0.091 (0.041-0.188)
0.007 (0.000-0.104)
0.122 (0.060-0.232)

0.068 (0.022-0.191)
0.400 (0,158-0.703)
0.143 (0.020-0.581)
0.083 (0.005-0.622)
0250 (0.063-0.623)
0182 (0.046-0.507)
0.138 (0.053-0.315)
0111 (0.028+0.352)
0157 (0.099.0.241)

0.900 (0.326-0.994)
0.083 (0.012-0.413)
0276 (0.144-0.462)
0,714 (0,327-0.928)
0,600 (0.200-0.900)
0.571 (0.230-0.856)
0.775 (0.621-0.879)
OLST1 (D.230-0.856)
0091 (D.013-0.439)
0.875 (0.266-0.993)
0.519 (0.306-0.724)

0,600 (0,348-0.808)
0286 (0.111-0.561)
0388 (0.297-0.487)
0,188 (0.087-0.359)
0.176 (0.058-0.427)
0200 (0.050-0.541)
0.318 (0.160-0.534)
0087 (0.052-0.141)
0257 (0L 147-0.410)
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Event Total Proportion (95%CI)
Immediate hypersensitivity reaction

Cross-reactivity rate (skin test-positivity to two or more tested ICM)

Heterageneity: = 30%: P=0.124
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Proportion (95%CT)

Dewachter et al, 2001 2 4 0.500 {0.123-0.877) .
Kvedariene et al, 2006 4 9 0.444 (0.177-0.749)
Treka et al, 2008 3 4 0.750 (0.238-0.966) —_—
Brockow et al, 2009 ] 11 0.455 (0.203-0.732) (R ——
Dewachter et al, 2011 3 12 0.250 (0.083-0.552) —.-
Pinnobphun et al, 2011 3 15 0,200 (0.066-0.470) —_——
Kim et al, 2013 4 12 0.333 (0.131-0.624) " —
Kim et al, 2014 14 33 0.424 (0.270-0.595) ————
Prieto-Garcia et al, 2013 1 7 0.143 (0.020-0.581)
Salas et al, 2013 4 5 0.800 (0.309-0.973) —_—
Pooled proportion 43 112 0.388 (0.291-0.496) F . - .
Heterogeneity: I*= 9%; P=0.263 e e T
Proportion (95%CT)
Non-immediate hypersensitivity reaction
Cross-reactivity rate (skin test-positivity to two or more tested ICM) - e
Vemnassiere et al, 2004 [ 9 0.667 (0.333-0.889) —_——
Kanny et al, 2005 9 11 0.818 (0.493-0.954)
Torres et al, 2008 4 4 0.900 (0.326-0.994) —
Brockow et al, 2009 22 25 0.880 (0.687-0.961)
Seitz et al, 2009 4 6 0.667 (0.268-0.916) - e
Hasdenteufel et al, 2011 3 7 0.429 (0.144-0.770) -
Torres et al, 2012 5 14 0.357(0.157-0.624) —_—
Pooled proporiion 53 76 0,679 (0.476-0.832)
Heterogeneity: I°= 36%; P=0.035 0n Gz 04 08 0B 10
Proportion (95%CT)
Immediate hypersensitivity reaction
Broad cross-reactivity rate (skin test-positivity to >=50% of tested ICM)
Dewachter et al, 2001 0 4 0.100 (0.006-0.674) -——————
Kvedariene et al, 2006 0 9 0.050 (0.003-0.475)
Treka et al, 2008 0 2 0167 (0.010-0.806) ———
Brockow et al, 2009 1 11 0.091 (0.013-0.439) -
Dewachter et al, 2011 L] 10 0.045 {0.003-0.448) -——
Pinnobphun et al, 2011 L] 15 0.031 {0.002-0.350) R
Kim et al, 2013 2 12 0,167 (0.042-0.477) -—
Kim et al, 2014 1 33 0,030 (0.004-0.186) —.—
Prieto-Garcia et al, 2013 0 T 0.063 (0.004-0.539) -
Salas et al, 2013 1 4 0.250 (0.034-0.762) -
Pooled proportion 5 107 0,089 (0.045-0.170) K- - - = = o
Heterogeneity: I"= 0%, P=0.466 Proportion (95%CT)
Non-immediate hypersensitivity reaction
Broad cross-reactivity rate (skin test-positivity to >=50%0 of tested 1CM) —_—
Vemassiere et al, 2004 2 7 0,286 (0.072-0.673) — -
Kanny et al, 2005 G 11 0.545 (0.268-0.797)
Torres et al, 2008 3 4 0.750 (0.238-0.966) ——
Brockow et al, 2009 7 25 0.280 (0.140-0.482)
Seitz et al, 2009 3 3 0.875 (0.266-0.993) —
Pooled proportion i | 50 0.459 (0.257-0.676) ’ . - - : ]
0o 0.2 0.4 0.6 0.8 1.0



Immediate hypersensitivity reaction

Dewachter et al, 2001

Treka et al, 2008

Scherer et al, 20010

Caimmi et al, 2010
Prieto-Garcia et al, 2013

Salas et al, 2013

Pooled proportion
Heterogeneity: = 004 P=0.476

Non-immediate hypersensitivity reaction

Vemassiere et al, 2004

Torres et al, 2009

Seitz et al, 2009

Scherer et al, 2000

Caimmi et al, 2010

Hasdenteufel et al, 2011

Torres et al, 2012

Pooled proportion
Heterogeneity: I'= 31%; P=0.086
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0,167 (0.010-0.806)
0.167 (0.010-0.806)
0.167 (0.010-0.806)
0.042 (0.006-0.244)
0.063 (0.004-0.535)
0.063 (0.027-0.143)
0.071 (0.036-0.136)

0.417 (0.185-0.692)
0.833 (0.194-0.990)
0.100 (0.006-0.674)
0750 (0.238-0.966)
0.250 (0.034-0,762)
0.022 (D.001-0.268)
0,342 (D.273-0.418)
0.345 (0.187-0.548)
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Supplemental Table 1. Grading systemsfor classification of severity in HSR

Source Grading system in text Adjusted grading
Immediate HSR

Dewachter et al, 2001 Ring and M essmer Brown
Kvedariene et al, 2006 Ring and Messmer Brown
Trickaet a, 2008 Brown Brown
Brockow et al, 2009 Ring and Messmer Brown
Scherer et a,2010 NS No
Caimmi et al,2010 Ring and Messmer Brown
Dewachter et al, 2011 Ring and Messmer Brown
Goksel et al, 2011 Ring and Messmer Brown
Pinnobphun et al, 2011 t Brown
Kim et al,2013 Ring and M essmer Brown
Kim et al, 2014+ T Brown
Renaudin et al,2013 1 Brown
Garciaet a, 2013 Brown Brown
Salas et a,2013 Ring and M essmer Brown
Non-immediate HSR

Vernassiere et a, 2004 Tt Brockow




Kanny et al, 2005 NS No

Kvedariene, et al, 2006 Brockow Brockow
Jiménez et al,2006 NS No
Torres et a, 2008 NS No
Brockow et al,2009 Brockow Brockow
Seitz et a,2009 Own criteriatt11 Brockow
Scherer et al,2010 NS No
Caimmi et al,2010 Brockow Brockow
Goksdl et al,2011 Brockow Brockow
Hasdenteufelet al, 2011 NS No
Torres et al,2012 Brockow Brockow

Abbreviations: HSR, hypersensitivity reaction; NS, not specified. In immediate HSR, the grading system of Ring and Messmer is based on four grades and that of brown
SG is based on three grades. Scal es between two grading systems were adjusted as follows: grade | in Ring and Messmer was categorized into mild grade in Brown SG;
grade Il in Ring and Messmer was categorized into moderate in Brown SG; grades |11 and IV in Ring and Messmer were categorized into severe grade in Brown SG. t
Data could be obtained through contact with the corresponding author via e-mail. 11 The study included patients experiencing severe anaphylaxis. 111 Severity of HSR in
included patients could be assessed by our authors based on the description in the text according to the system of Brockow. 1111 Grading systems of Brockow and Seitz
are based on three grades. Scales between the two grading systems were adjusted as follows: grade | in Seitz was categorized into mild grade in Brockow; grade |l in Seitz

was categorized into moderate in Brockow ; grade |11 in Seitz was categorized into severe grade in Brockow. + The abstract presented for a conference without available



full-text publication in 2013 wasiinitialy identified by aliterature search and data could be obtained through contact with the corresponding author viae-mail. This study

was officially published in 2014.



Supplemental Table2. Baseline characteristics of included studies

Study population Culprit ICM Skin tests
. - Maximum
. Severity of HSRY Nonionic : T
Source Total Age i Prior ICM Percentage ICM Skin ICM CNo. ?f glmemter\éaRJ
No. (year) Female exposure _ identified  among test  conc. ICM for between H
’ beforeHSR Mild Moderate Severe . e 1t  for IDT skintest and skin test
identified HH
Immediate HSR
ze;"(’)gclhter o PR ) 100% 0% 0%  100% 100% 500  SPT, s 5 L5 months
i 6180 O (414) 48  (014)  (414) (414) (214) IDT
gggga” eneetd, g Mmedian, 6% 49% % 4% 25% 39% 1% SPT, s 1 median,
Froncet 56 (20/44)  (20/41) (WU32) (13/32)  (8/32) (7/41)  (1217) DT 48 months
mean
Trckaet al, 2008, C 2% 4%  46%  13% . <lyr, 74%
Germany 9 (25_%3) ©996) NS (40/96) (44/9) (12/96) NS NS T 10 4 >1yr, 26%
E(gggkow ed, 122 meg"la”' 66% 49% 31%  45%  24% 52% 86% ST, . 1 <1yr, 43%

! 0,
Europet 12y (B0122) (53108) (38/122) (55122) (29/122)  (6¥122)  (54/63)  IDT >1yr, 57%
Scherer et al

o mean,  63%* 66% 83%  SPT, .
§01o, Switzerland 9 b (12119 NS NS ©9) =) r 10 12 NS
gc?lrgml «d 101 me5l<j-3l*?n 5w NS 42% - 33% - 25% NS Ns ST gt 10 NS
Francet (g5 (71120) (42/101) (34/101) (25/101) IDT
gg‘l"’la‘:htera a, - ?Oiafé 65% 72% 3% 3% 27% 100% 8%  SPT, .4 mainly <1yr,
. agre (726 (1825  (926) (1026) (7126) (26/26)  (22/26) DT suggested
g‘glklse' ed, 1 g‘;"f‘i 64% 43% 50%  50% 0% 71% 100%  SPT, o 1 ) ’;‘enf(')?]':hs
Turkeyt o560 (919 6/14)  (7/14) (714)  (0/14) (1014) (101100 DT (2 monthe 87 19
Pinnobphun et al, mean, g7, 84%tt  8%it 8%t 100% SPT, . mean,
2011, 63 52 ayezy NS (5363 (5063 (5063  (63/63) NS oy 10 9 4 months
Thailand (23-79) (Aweek-3.5 yrs)



Kimetal,

o 4 mean  57% 62% 68%  17%  15% 100% 100%  SPT, o1 . mean,
' 51412  (27/46)  (28/45)  (3U/46) (8/46)  (7/46) (46/46)  (46/46) DT 0.8+ 17yrs

Korea

g&ﬂa a, - %??1 67% 65% 0% 2%  78% 90% 100%  SPT, o1 6 <1yr, 41%

P o4 (45D (85D (O5) (US) (405) (4651  (46146) DT >1yr, 59%

Renaudin et a,

2013, 7 NS NS NS 100% NS NS SPh ot NS NS

I IDT
France
;nggigama * 106 Mean  60% NS 63% 2% - 10% 4% 9%  SPT,\dilwted 8 2mniglnatrr]{s
, 2013, 57+17 (64/106) (66/106) (29/106) (11/106)  (78/106)  (77/78)  IDT '

Spain (1-22.5)

2("’)"1""35 ad, o Mmedian  60% NS %  20% 3% 72% 100%  SPT, o1 . mean,

3, 54+27  (63/90 69/90) (18/90)  (3/90 65/90 65/65  IDT 20+ 183 yrs
Spain y
Non-immediate HSR
o g (W19) (@15) (6/15) (0/15)  (14/15)  (14/14)  PT
gggg v 11 megéan' 3% 45% NS 100% 82% DT, diluted 11 NS
ot asey G G a1y  (@1)  PT
ga’oega” ene etd, median, 6% 49% % 4% 25% 39% 1% SPT, 1 median,
- 56 (20044)  (20041) (1132) (13/32)  (8/32) 17/4)  (1217) DT 48 months
‘5'882”& e 2 el A% 50% NS 100%  100% o \g 1 NS
o Gorg G612 (612 12112)  (12/12)

Torres et al mean, o

2008, 14 6247 (296;‘1 NS NS (ﬂ%’) NS DT 10* 6 2 months

Spain (5171

E(gggkow ed, o megéa”' 58% 53% 95% 5% 0% 75% 93% ISSI 10" " <1yr, 73%
, , .

Euronet azeo G799 @8O (0398 (59%8) (0199 (ra98) (oo o >1yr, 27%

?ggg etd, o e 5% NS 2% 6%  16% 100% 100% IS; o s NS

Gemany gy 17132 (732)  (20132)  (5/32) (3232 (3232) 'of



Scherer et al SPT,
L mean, 63% 80% 100% ' 1

q2_010, Switzerland 10 62 (1219) NS NS (©10) ) IEI-)TT' 10 12 NS
Caimmi et al median

: " BQUEt 94% 6% 0% .
2010, 17 56 NS NS NS IDT 10 10 NS
Francet gz (71120) 16/17)  (V17)  (U17)
nglsel ed, 10 meg';‘”' 90% 60% 30% 60% 10% 90% 100% DT, . 5 Zmn‘:g'natrr‘]'s
Turkeyt asrs (910 (6/10) (3110)  (6/10)  (1/10) (9/10) (919) PT 212)
Hasdenteufel mean

’ 3004 100% 100%  IDT )
et al, 2011, 22 56+14 NS NS ' undiluted 7 NS
Fronce ey (722 (2122)  (22122)  PT
Torres et a, " median,
2012, 161 Median,  49% NS 10% 89% 1% 86% 99% DT, ndiluted 7 3.7 months
Spain 59 (79/161) (16/161) (143/161) (2/161)  (138/161) (136/138) PT (1.4.195)

HSR, hypersensitivity reaction; ICM, iodinated contrast media; No., numbers; Conc., concentration; SPT, skin prick test; IDT, intradermal test; PT, patch test; NS, not
specified. Numbersin parentheses indicate the number of patients.

T The severity scale of HSR were inhomogenous across studies. Severities of HSR were readjusted according to the grading scale of Brown for immediate HSR, and that
of Brockow for non-immediate HSR.

Tt Skin tests only included SPT and IDT of which readings were performed within 20 minutes or |ess after testing (immediate reading) for immediate HSR. For non-
immediate HSR, skin testsincluded SPT, IDT, and PT of which readings were done at |east 1 day after testing (delayed reading).

t11 Positive rates of IDT were extracted based on IDT using 10™ diluted ICM even in studies using ICM up to an undiluted concentration.

T These studies evaluated skin tests in both patients with immediate HSR and patients with non-immediate HSR.

11 The abstract presented for a conference without available full-text publication in 2013 was initially identified by a literature search and data could be obtained through
contact with the corresponding author via e-mail. This study was officially published in 2014.

111 This study reported one skin test-positive patient with immediate HSR to ICM and was excluded in the analysis in immediate HSR. * Demographics of included
patients could not be separated according to the type of HSR.



Supplemental Table 3. Reported outcomes of included studies

Primary outcome

Secondary outcome

Per -patient Per -patient Per -test Per -patient tolerability to
Source positive rate of skin tests cross-reactivity rate cross-reactivity rate skin test-negative ICM
Ext(actability Extracted Extr.actability Extracted Ext(actability Extracted Ext(actability Extracted
in text in text in text in text
Immediate HSR
Dewachter et a, 2001 Yesf Yes Yes Yes No Yes Yes
Kvedariene et al, 2006 Yes Nott Yes Yestt No No
Trckaet al, 2008 Yes Yes Yes Yes Yes Yes Yes Yes
Brockow et al, 2009 Yes Yesttt Yes Yesttt Yes Yesttt No
Scherer et al, 2010 Yes Nottt Yes Nottt No Yesttt Yesttt
Caimmi et a, 2010 Yes Yestt No No Yes Yes
Dewachter et a, 2011 Yes Yes Yes Yes Yes Yes No
Goksd et al, 2011 Yes Yes Yes Yes No No
Pinnobphun et al, 2011 Yes Yes No Yest No Yest No
Kim et al, 2013 Yes Yes No Yest No Yest No
Kim et al, 2014* Yes Yes No Yest No Yest No
Renaudin et al, 2013 Yes Yes No No No
Prieto-Garcia et a, 2013 Yes Yes Yes Yes Yes Yes Yes Yes
Yes Yes Yes Yes Yes Yes Yes Yes

Saaset a, 2013



Non-immediate HSR

Vernassiere et a, 2004 Yes Yes Yes Yes Yes Yes Yes Yes
Kanny et al, 2005 Nottt+t Yes Yes Yes Yes No

Kvedariene, et al, 2006 Yes Noft Yes Yestt No

Jiménez et al, 2006 Yes Yes No No Yes Yes
Torres et al, 2008 Yes Yes Yes Yes Yestt Yes Yes Yes
Brockow et al, 2009 Yes Yesttt Yes Yesttt Yes Yesttt No

Seitz et al, 2009 Yes Yes Yes Yes Yes Yes Yes Yes
Scherer et al, 2010 Yes Nottt Yes Nottt No Yes Yesttt
Caimmi et al, 2010 Yes Noft Yes No No Yes Yes
Goksdl et al, 2011 Yes Yes No No No

Hasdenteufel et al, 2011 Yes Yes Yes Yes No No

Torres et al, 2012 Yes Yes Yes Yes No Yes Yes

HSR, hypersensitivity reaction; ICM, iodinated contrast media. T The primary aim of the study was to report five patients with severe immediate HSR to ICM rather than
to report skin test-positive patients. The study included four patients undergoing skin tests and one expired patient not undergoing skin tests. The positiverate of IDT was
judged to be extractable. 1 The study population of Kvedariene et al. in 2006 was completely contained in that of Caimmi et al. in 2010 who reported the positive rate of
skin tests. Thus, the positive rate of skin tests was not extracted from the study of Kvedariene et al. Instead, per-patient cross-reactivity rates not reported in the study of
Caimmi et al. were extracted from the study of Kvedariene et al. 11 Some of included patients in the study of Scherer et a. in 2010 were included in the study of

Brockow et al. in 2009. As the number of included patients was larger in the study of Brockow et al., per-patient positive rates of skin tests, per-patient, and per-test cross-



reactivity rates were extracted from the study of Brockow et al. Per-patient tolerability to skin test-negative ICM not reported in that of Brockow et al. was extracted from
the study of Scherer et al. 7111 Kanny et al. included only skin test-positive patients. Thus, the positive rate of skin tests could not be assessed. However, per-patient and
per-test cross-reactivity rates were extractable in skin test-positive patients and were extracted from the study of Kanny et al. $ Full-text articles did not describe complete
data on the results of skin tests to tested ICM nor provide alist of the tested ICM. It was extracted from raw data through contact with the corresponding author via e-mail.
11 The study described that skin tests were performed with a complete battery of ICM. * The abstract presented for a conference without available full-text publication in
2013 wasinitially identified by aliterature search and data could be obtained through contact with the corresponding author via e-mail. This study was officially published

in 2014.



Supplemental Table 4. Protocols of skin tests of included studies evaluating immediate HSR to ICM

SPT IDT
Skin . Diameter of . . Diameter of
Source
test T.eSt Conc. Regdmg wheal Test site Maximum Procedure Regdlng wheal
site time . Conc. time e
for positivity for positivity
>half the ICM (0.15ml)
Dewachter et d, SPT, forearm undiluted 1.5 positive back 10™ raising ableb 15min 22 O.f
2001 IDT min bleb size
control (about 3mm)
Kvedariene et a SPT, . 15 3 15-20
’ > >
2006 DT NS  undiluted min >3 mm NS 10 NS min >3 mm
Trckaetd, IDT not done forearm 10* NS 20 min 23 mm
2008
forearm, ICM (0.03-0.05ml)
Brockow et dl, SPT, forearm undiluted 2.0 23 mm or 10™ raising ableb 20 min >3 mm
2009 IDT min
back (4-5 mm)
Scherer et al, SPT, .
2010 IDT
Caimmi et al, SPT, . 15 1 15-20
2010 DT NS  undiluted min 23 mm NS 10 NS min 23 mm
>half the ICM(0.02-0.03ml)
- >
Dewachter et d, SPT forerm undilwted = positive back undiiluted raising ableb 15-20 22 of
2011 IDT min min bleb size
control (about 3mm)
ICM(0.03-0.05ml)
>
Goksdl et dl, SPT. forearm undiluted 15 >3 mm forearm, or 10" raising ableb 15 =3 mm
2011 IDT min upper arm min
(3-5mm)
Pinnobphun et al, SPT, - S 1 ICM (0.02ml) S
2011 DT NS  undiluted NS 23 mm NS 10 reising ableb NS 23 mm




ICM (0.03-0.05ml)

. - >
Kimetd, SPT, NS NS NS NS forearm 10 raising ableb 5 .20 =3 mm
2013 IDT min
(2-4 mm)
Kimetad, SPT, . 15 o 15
2014f DT forearm undiluted min >3 mm forearm 10 NS min >3 mm
Renaudin et al, SPT, -
2013 IDT
i ; 10t or

Prito-Garciaetd,  SPT, NS undiluted >3 mm NS undiluted NS 15 >3 mm
2013 IDT min min

Tt
Sdlaset d, SPT, . o
2013 DT NS  undiluted NS NS forearm 10 NS NS NS

HSR, hypersensitivity reaction; ICM, iodinated contrast media; Conc., concentration; SPT, skin prick test; IDT, intradermal test; NS, not specified. Numbersin
parentheses indicate the number of patients. Skin test only included SPT and IDT of which readings were performed within 20 minutes or less after testing (immediate
reading) for immediate HSR. Positive rates of IDT were extracted based on IDT using 10" diluted ICM even in studies using ICM up to an undiluted concentration. t, 11,
T11 Studies described that skin test were performed according tot the recommendation of the European Academy of Allergy and Clinical Immunology (EAACI) in 1989.
Tt the protocol of Brockow et al in 2009, and 111 the recommendation of EAACI in 2005. 111 Among the eight ICM used for skin test, iopamidoal, ioversol, and
iobitridol were tested undiluted. Results of IDT did not differ when using 10" diluted and undiluted ICM. £ The abstract presented for a conference without available full-
text publication in 2013 wasiinitially identified by aliterature search and data could be obtained through contact with the corresponding author via e-mail. This study was

officially published in 2014.

“ e { Formattato: Interlinea doppia




Supplemental Table 5. Protocols of skin tests of included studies evaluating non-immediate HSR to ICM

in SPT IDT PT Criteria
Source i i i i i f iti
test T@t conc. Refeldlng T.&st Maximum Procedure Refadlng T.eﬂ Maximum Procedure Regdlng or postlve
site time site conc. time  site conc. time skin test
) ICM in Finn chamber
Vemassere DT, unclear reading time arm  undilutedt lCM (0.4mly 1-7 - upper undiluted  on Scanpor tape or NSt NSt
et a, 2004 PT raising ableb days  back
Hayes Chambert
ICM (0.02-0.04 ml) erythematous
gggg‘y ed, 'ETT’ immediate reading back undiluted  raising ableb dl 25 *  undiluted NS dl'zs induration
(3-4 mm) & Y at test site
g\;ledgr(l)gge, lSDP’_I'r NS undiluted  tt NS 10 NS 1 not done 1
Jménez et al upper ICM in Finn chamber 24
iménez , : ,
2006 PT not done not done back undiluted on Scanpor tape days t
for 2 days
8hr,
Toresetd, IDT not done forearm 107 ICM (0.1mi) 1-2 not done Tt
2008 raising ableb
days
SPT, ICM (0.03-0.05ml) ICM in Finn chamber erythematous
f i f o - i . ; A
grzcg%vg)g IDT, ;ﬁ undiluted d2/35 :rrg:: 10" raising ableb dl 33 back undiluted on adhesive tape 1;?’ induration
' PT Y (4-5 mm) i for 2 days. at test site
) SPT, erythematous
gggg ed, p, for:: undiluted d2 43 forerm 107 1t d2 4s ‘:)F;Ef undiluted t1 d2'4s infiltration
PT &y i &y at test site



Scherer etal, SPT, FHt

2010 IDT
ggfgmi &d, bt immediate reading NS 10" NS NS not done Tt
forearm ICM (0.03-0.05 ml) ICM in plastic chamber erythematous
(23(;)1klse| ed, II;'_I', immediate reading ,upper 10" raising ableb dl 3s back 10" on adhesive tapefor 3 dl 33 induration
arm (3-5mm) i days i at test site
ICM (0.02 ml) erythematous
gaals"g“otﬂfe' ”;TT’ immediatereading ~ back undiluted  raising ableb dl 33 t  undiluted t dl 4S induration
' (3-4 mm) i i at test site
erythematous
Torresetal, IDT, not done forearm undiluted tt L3 t111 undiluted Tt 2.3 induration
2012 PT days days at test site

HSR, hypersensitivity reaction; ICM, iodinated contrast media; Conc., concentration; SPT, skin prick test; IDT, intradermal test; PT, patch test; NS, not specified.
Numbers in parentheses indicate the number of patients. Skin testsonly included SPT, IDT, and PT of which readings were performed 1 day or more after testing (non-
immediate reading) for non-immediate HSR. Positive rates of IDT were extracted based on IDT using 10 diluted ICM even in studies using ICM up to an undiluted
concentration. T, T1, T11, 1111 Studies described that skin tests were performed according to T the internationally accepted method used in patch testing, 71 the
recommendation of EAACI in 2002, and in 2005. 11 the protocol of Brockow et al. in 2009, and 111 recommendations of the European Society of Contact Dermatitis. ¥

In the case of ioxaglate and iodixanol, IDT was performed using 10" diluted ICM. $1 Positive reactions were also reported to the physician at other time points.



Supplemental Table 6. Per-patient false positive rates of skin testsin control

False positive rate

Source Definition of controlt )
of skin tests
Immediate HSR
. 0%7?1
Dewachter et al, 2001 not specifiedtt
(0/10)?
. 0%
Kvedariene et al, 2006 tolerated ICM exposure
(0/10)
0%
Brockow et a, 2009 tolerated ICM exposure
(0/11)
11%
Goksel et al, 2011 tolerated ICM exposure
(2/18)
0%
Salas et al, 2013 tolerated ICM exposure
(0/20)
Non-immediate HSR
) ) i 0%t
Vernassiere et al, 2004 suspect of immediate HSR to ICM Tt
(0/13)
o . 0%ttt
Jiménez et al, 2006 not specified
(0/35)
0%
Kvedariene et al, 2006 tolerated ICM exposure
(0/10)
0%
Torres et al, 2008 tolerated ICM exposure
(0/10)
0%
Brockow et al, 2009 tolerated ICM exposure
(0/11)
0%
Goksel et al, 2011 tolerated ICM exposure
(0/18)
0%tt1t
Hasdenteufel et al, 2011 tolerated ICM exposure
(0/20)
0%ttt
Torres et al, 2012 tolerated ICM exposure
(0/25)

HSR, hypersensitivity reaction; ICM, iodinated contrast media. tldeally, control should be subjects who were
exposed to alCM within the last six months without any evidence of HSR to ICM (6). T1This data was not
pooled in the meta-analysis of false positive rates of skin tests in control. 71 Only patch test was performed.
This data was not pooled in meta-analysis of false positive rates of skin tests in control. 11 Skin tests were

performed partly or completely using undiluted ICM in intradermal test in control



Supplemental Table 7. Per-patient cross-reactivity ratesin skin test-positive patientswith HSR to ICM

Per -patient cross-reactivity rate

Total Median Positive i Availability of
Source number number ?T;;Vstet 'nttstego Positive skin test to Median number skin test negative
of patients  of tested ICM d ICVK/CIJ >50% of tested ICMt  of crossreactive|ICM ICM*
Immediate HSR
Dewachter et al, 4 5 50% 0% > 100%
2001 (/%) (0/4) (4/4)
Kvedariene et a, 44% 0% 25
2006 ° upto 1l (4/9) (0/9) (range, 2-5) NS
35 75% 0%
Trcka et al, 2008 4 (range, 3-4) (3/4) (012) 2 NS
Brockow et al, 11+t 11 45% 9% 5 100%
2009 (range, 8-12) (5/12) (V11) (range, 2-6) (27127)
Dewachter et a, 12 6 25% 0% 3 100%
2011 (range, 2-11) (3/12) (0/10) (range, 2-3) (10/10)
Pinnobphun et al, 15 9 20% 0% 3 100%
2011 (3/15) (0/15) (15/15)
. 33% 17% 3 83%
Kim et al, 2013 12 4 @12) 2/12) (range, 2-4) (10/12)
. 42% 3% 3 100%
Kim et al, 2014% 33 7 (14/33) (1/33) (range, 2-4) (33/33)
Prieto-Garcia et 7 8 14%ttt 0% 3 100%
a, 2013 (range, 4-8) wm or7) )
7 80%ttT 25% 3 100%
Sdasetal, 2013 5 (range, 3-8) (4/5) (14 (range, 2-4) (414
Non-immediate HSR
Vernassiere et al, 9 7 67%ttt 29% 3 86%
2004 (range, 3-7) (6/9) 2/7) (range, 2-7) (6/7)
9 82% 67% 8 91%
Kanny etal, 2005 1 (range, 5-11) (9/11) (6/11) (range, 3-10) (10/11)



Kvedariene, et al, 100% 100%

2006 1 upto 12 W) W) 9 NS
100% 75% 4 100%

Torreset d, 2008 4 6 (4/4) (3/4) (range, 3-5) (4/4)

Brockow et al, o5+t 11 88% 28% 3 97%

2009 (range, 8-13) (22/25) (7/25) (range, 2-11) (32/33)

Setz et a, 6 35 67% 100% 6 67%

2009 (range, 3-10) (4/6) (3/3) (range, 3-8) 213)
100%

Goksd et a, 2011 1 2 1) 2 NS

Hasdenteufel et 43% 3

al, 2011 7 upto 11 @) Tttt (range, 2-3) Tttt

36%tt 2
Torres et al, 2012 14 upto 7 (5/14) Tttt (range, 2-3) Tttt

HSR, hypersensitivity reaction; ICM, iodinated contrast media; NS, not specified. Cross-reactivity was extracted based on the results of intradermal tests with 10 diluted
ICM and patch tests with undiluted ICM. If drug provocation test was performed, results of drug provocation test were also used to assess cross-reactivity. Cross-reactivity
was considered present when allergological testsincluding skin test or drug provocation test were positive to at least two ICM in skin test-positive patients.

twhen four or more ICM were tested.

t1 Thetext only described the result of cross-reactive testing with 8 or more ICM in patients with positive skin test.

t1t1 The cross-reactivity rate was extracted based on not only skin tests but also drug provocation tests.

T111 Results of skin tests for evaluating cross-reactivity were described mainly focusing on positive cross-reactive ICM rather than whole resultsin the text.

1 The abstract presented for a conference without available full-text publication in 2013 was initially identified by a literature search and data could be obtained through

contact with the corresponding author via e-mail. This study was officially published in 2014.



Supplemental Table 8. Per-patient recurrencerate of HSR after challenge of skin test-negative ICM in patientswith HSR to ICM

Recurrencerate of HSR

According to culprit or alternative |ICM

Source Method of challenge to skin test-negative confined to skin test-negative confined to skin test-negative
ICM culprit ICM alternative ICM
Immediate HSR
Dewachter et al, 0% 0%
2001 full dose challenge 012) ND 012)
graded challenge o o
'zl'(r)gléa ed, with/without following (8//20) ND (8 //;)
full dose challenge
Scherer et al, 0% 0%
2010 full dose challenge (012) ND (012)
Caimmi et al, full dose challenge 4% 100% 0%
2010 9 (1/24) 1/2) (0123)
Salaset a, . 6% 3~4% <17%
2013 drug provocation test (5/79) (2/50~611) (3/>1811)
P graded challenge o o
grolle:tj)o Gaciaetd, with/without following (8//70) ND (8//;)
full dose challenge
Non-immediate HSR
Vernassiere et al, 42% 100% 18%
2004 graded challenge (5/12) 3/3) (2/12)
Jiménez et d, 100% 100%
2006 1 full dose challenge @) @12) ND
Torres et al, . 100% 100%
2008 drug provocation test @/2) @12) ND
. graded challenge o o
Sonz etd, with/without following ?07:1) ND (8/2)
full dose challenge
Scherer et al, full dose challenge 75% ND 75%
2010 or graded challenge (3/4) (3/4)



Caimmi et al, 25% 25%

2010 full dose challenge (1/4) ND (1/4)
Hasdenteufel et a, 0% 0%
2011 full dose challenge (0/22) ND 0122)
Torreset al, drug orovocation test 34% 22% 230%
2012 9p (55/161) (25/115) (36/<119111)

HSR, hypersensitivity reaction; ICM, iodinated contrast media; ND, not done.

tOnly patch test was performed. This data was not pooled in meta-analysisas IDT was not performed.

Tt In this study, skin test-negative culprit ICM was challenged when culprit ICM was known. There were e even skin test-negative patients who refused to undergo drug
provocation test. As the number of identified culprit ICM was not unknown in patients who refused drug provocation test, the exact number of patients could not be
assessed.

t11 The exact number of patients could not be identified as the exact number of patients undergoing drug provocation test using skin-test negative aternative ICM was

unknown.



Supplemental Table 9. Protocols of drug provocation test, graded challenge, and full dose challengein included studies

- Timeinterval
Source Method of challenge Initial dose (mL) Step between steps
Immediate HSR
Dewachter et al, 2001 full dose challenge Re-administration of full dose ICM
graded challenge 7
Trckaet a, 2008 with/without following 0.05 (day1,0.05-0.5-1-5-7.5-10-25 mL) 30 min
full dose challenge
Scherer et al, 2010 full dose challenge Re-administration of full dose ICM
Cammi et a, 2010 full dose challenge Re-administration of full dose ICM
graded challenge 4
Prieto-Garciaet al, 2013 with/without following 5 . 30 min
full dose challenge (day1, 5-25-30 mL; day2, 60 mL)
. 4 .
Sdaset a, 2013 drug provocation test 5 (day 1, 5-15-30-50 mL) 45 min
Non-immediate HSR
1/100 of the dose required 3
Vernassiere et a, 2004 graded challenge for radl.ol oglcal (1/100-1/10-full dose) 2-24 hr
examination
Jiménez et al, 2006 full dose challenge Re-administration of full dose ICM
1/10 of the dose required 3
Torres et al, 2008 drug provocation test for radl_ologlcal (day1, 1/10-1/107:day7, full dose) 8hr, 8hr,1 week
examination
graded challenge
. with/without following 5
Seitz et al, 2009 1 (day1, 1-5-7.5-10-30 mL) 1 hour

Scherer et a, 2010

Caimmi et al, 2010

full dose challenge

full dose challenge
or graded challenge

full dose challenge

Re-administration of full dose ICM,
not specified in regard to graded challenge

Re-administration of full dose ICM




Hasdenteufd et al, 2011 full dose challenge Re-administration of full dose ICM

. 6
Torres et al, 2012 drug provocation test 5 (day1, 5-10-15 mL; day7, 20-30-50 mL) lhour

HSR, hypersensitivity reaction; ICM, iodinated contrast media.



Supplemental Table 10. Summary of sensitivity analyses on positiverates of skin tests

Stratified Analysis ;t\ll?dgs pgtci)égl;s (QSW?cg)ﬁigg?:gritri?:rval) 1% statistics Pvalue
Immediate HSR
Fixed-effects model 8 649 0.193 (0.161-0.229)
Patients with mild HSR
<40% 3 210 0.298 (0.204-0.413) 37% 0.087
240% 5 439 0.108 (0.058-0.191) 44% 0.002
Known culprit ICM
275% 3 135 0.304 (0.196-0.438) 36% 0.093
<75% or NS 5 514 0.109 (0.055-0.205) 46% <0.001
Number of ICM for skin tests
=9 4 311 0.256 (0.167-0.372) 42% 0.01
<9or NS 4 401 0.096 (0.041-0.209) 45% 0.001
Timeinterval between HSR and the skin test (mean or median)
<lyear 5 337 0.183 (0.088-0.343) 46% <0.001
>lyear or NS 3 312 0.143 (0.063-0.293) 46% 0.001
Severeimmediate HSR
Fixed-effects model 10 125 0.539 (0.434-0.641)
Known culprit ICM
275% 6 70 0.715 (0.595-0.811) 44% 0.405
<75% or NS 4 55 0.237 (0.072-0.555) 36% 0.067
Number of ICM for skin tests
=9 3 41 0.484 (0.208-0.770) 38% 0.073




<9or NS 7 84 0.527 (0.250-0.789) 42% 0.002
Timeinterval between HSR and the skin test (mean or median)
<lyr 6 46 0.593 (0.312-0.824) 33% 0.069
>1yr or NS 4 79 0.427 (0.145-0.765) 46% <0.001
Non-immediate HSR
Fixed-effects model 8 369 0.261 (0.213-0.314)
Proportion of patients with mild HSR
<40% 5 239 0.190 (0.103-0.325) 40% 0.019
240% 3 130 0.385 (0.213-0.591) 39% 0.058
Known culprit ICM
275% 7 352 0.269 (0.146-0.441) 46% 0.001
<75% or NS 1 17 0.176 (0.058-0.427)
Number of ICM for skin tests
=9 2 115 0.303 (0.137-0.545) 38% 0.095
<9or NS 6 254 0.247 (0.121-0.440) 45% <0.001
Timeinterval between HSR and the skin test (mean or median)
<lyear 5 298 0.279 (0.118-0.528) 47% <0.001
>lyear or NS 3 71 0.231 (0.146-0.345) 0% 0.316

HSR, hypersensitivity reaction; ICM, iodinated contrast media; NS; not specified.



Supplemental Figure 1. Quality assessment of included studies on immediate and non-immediate hypersensitivity reactions to

iodinated contrast media
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Supplemental Figure 2. Funnel plot of included studies evaluating positive rates of skin testsin immediate hyper sensitivity reactions
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Supplemental Figure 3. Funnel plot of included studies evaluating positive rates of skin tests in severe immediate hypersensitivity
reactions
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Supplemental Figure 4. Funnel plot of included studies evaluating positive rates of skin tests in non-immediate hypersensitivity
reactions
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