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Background: In addition to immediate reactions, late adverse

reactions to iodinated contrast media (ICM) were reported in

2% to 5% of patients exposed to ICM and, as a consequence,

have recently gained more attention. A few well-documented

case reports postulate a hypersensitivity mechanism.

Objective: The aim of this study is to demonstrate a T cell–

mediated mechanism to the ICM by using in vitro and ex vivo

tests.

Methods: We analyzed 12 patients with 13 adverse ICM

reactions, 9 of whom were women. Clinical history suggested an

immune reaction to ICM. Skin tests (skin prick, intradermal,

and patch tests) were performed with various ICM and read

after 15 minutes and 24 and 48 hours. Skin biopsy specimens of

positive test sites of 11 patients were evaluated by means of

immunohistology. T-cell reactivity to ICM in vitro was analyzed

with lymphocyte activation tests.

Results: Seven patients showed generalized maculopapular

eruptions, one of them with fever; 4 had a so-called drug

hypersensitivity syndrome with exanthema, eosinophilia, and

fever; 1 had maculopapular eruptions and fever; 1 had late-

onset urticaria with loss of consciousness; and 1 had facial

edema and respiratory distress. An immune reaction to ICM

was inferred from positive skin prick test (2 patients), positive

patch test (10 patients), and positive intradermal test (9

patients) at 24 and 48 hours. Skin biopsy specimens revealed

a T-cell infiltrate in the dermis with predominantly CD41 T

cells in 8 patients, CD81 T cells in 1 patient, and equal numbers

in 1 patient. Cross-sensitivities to several ICM were observed

(9/12). Other drug allergies were noted in 6 of the 12 patients.

Conclusions: Delayed reactions to ICM are most likely caused

by immune reactions to these drugs and can elicit different

clinical features. The involvement of T cells is suggested by

positive skin test, as well as positive proliferative responses, to

the drugs in vitro. A high degree of cross-reactivity with other

than the eliciting ICM was observed. Moreover, 50% of these
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patients reported another drug hypersensitivity, suggesting

a predisposition to immune reactivity in some patients.

(J Allergy Clin Immunol 2005;115:179-85.)

Key words: Adverse drug reaction, drug allergy, iodinated contrast
media, patch test, intradermal test, T cell–mediated hypersensitivity,
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Iodinated X-ray contrast media (ICM) is among the
most frequently used pharmaceuticals. Most adverse re-
actions produced by ICM occur shortly after the admin-
istration of the agent and are toxic and possibly allergic
reactions of the immediate hypersensitivity type.1,2 On the
other hand, late reactions to ICM have been reported
for 2% to 5% of patients.3-6 They are defined as reactions
occurring 1 hour to 1 week after contrast medium
injection.7,8 The majority of late adverse reactions are
cutaneous reactions, with itching, maculopapular rash,
urticaria, and angioedema, as well as fever.9 More severe
eruptions, although rare, have been reported, including
multiform erythema,10 fixed drug eruption,11-13 cutaneous
vasculitis,14,15 Stevens-Johnson syndrome,16 toxic epider-
mal necrolysis,17 hypersensitivity syndrome,18,19 and
sometimes life-threatening reactions.20,21 Patients at in-
creased risk are those with a history of previous reactions
and those receiving IL-2 treatment.22 A few well-docu-
mented case reports point to a delayed-type hypersensi-
tivity indicated by positive late skin test responses.19,23-27

Over the past few years, there has been increasing
evidence that the majority of the late-onset skin reactions
are mediated by T cells.8,9 In this study we report 13
T cell–mediated reactions to ICM in 12 patients and dem-
onstrate the involvement of ICM by means of skin tests
and immunohistologic studies of biopsy specimens, as
well as lymphocyte transformation tests (LTTs).

METHODS

Patients

The clinical features of the patients are shown in Table I. Twelve

patients (9 women and 3 men) with a mean age of 576 17 years were

evaluated after an adverse reaction to ICM. One patient (patient G)

had similar late adverse reactions to the same ICM at a time interval of

7 years. The history took into consideration any intake of concomitant

medications during the procedure, as well as any history of previous

drug hypersensitivity. The allergy checkup was performed in
179
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TABLE I. Clinical features of patients who have presented a delayed reaction to ICM

Patient Age (y) Occupation Sex Clinical picture Onset Duration Risk factors

Associated

delayed-type drug

hypersensitivities

A 76 y Housework F MPE 24 h 2 wk None None

B 49 y Nurse’s aide F MPE 24 h 10 d None None

C 44 y Secretary F Urticaria, loss

of consciousness

5 h 24 h None Nalidixic acid

D 50 y Worker in textile

industry

F MPE 10 h 2 d Cardiac graft, several

coronarographies,

b-blockers

None

E 83 y Housework F MPE 24 h 3 wk None None

F 59 y Housework F MPE desquamative 24 h 3 wk None Pivalate tixocortol

G 63 y Retired dental

assistant

F MPE, fever,

blood eosinophilia

24 h 2 wk b-blockers None

G, second

reaction

71 y MPE, purpura,

fever, kidney

failure, pulmonary

interstitial syndrome

3 d 2 wk None None

H 60 y Postman M MPE, fever 48 h 4 d 5 scans in 3 mo Ornodazole,

piperaccillin

I 41 y Commercial

representative

F Facial edema,

respiratory

discomfort

Immediate 2-3 h None None

J 71 y Nurse F MPE 18 h 3 wk Cardiopathy,

b-blockers

Ceftriazone,

lugol

K 19 y College student M MPE, fever,

eosinophilia

1 h 2 wk 7 scans in 3 mo Hydroxyzine

L 59 y Restaurant

worker

M Erythema, asthma,

eosinophilia

12 h 48 h Several scans

and arteriographies

Amoxicillin,

cephalosporins

MPE, Maculopapular eruption.
Abbreviations used

ICM: Iodinated contrast media

IDT: Intradermal test

LAT: Lymphocyte activation test

LTT: Lymphocyte transformation test

accordance with the previously published European recommenda-

tions.28,29 Experimental procedures, including the LTTs performed

on patients and control subjects, were approved by the local ethics

committee.

Skin testing

To search for an atopic predisposition, we carried out skin prick

tests to common inhalant allergens.

Skin tests to ICM were performed according to the previously

published method.19,28 Skin prick tests with undiluted ICM were

followed by intradermal tests (IDTs) with different concentrations of

ICM (first a 1023 dilution and then a gradual increase to the undiluted

ICM). If immediate readings were negative, patch tests were

performed to the undiluted ICM.

The ICM tested were sodium meglumine amidotrizoate

(Radiosélectan and Angiographine, Schering), meglumine ioxitala-

mate (Télébrix, Guerbet), ioxaglate meglumine and ioxaglate

sodium (Héxabrix, Guerbet), iopamidol (Iopamiron, Schering),

iobitridol (Xénétix, Guerbet), iopentol (Ivepaque, Nycomed),

iohexol (Omnipaque, Nycomed), ioversol (Optiray, Guerbet),
iopromide (Ultravist, Schering), iodixanol (Visipaque, Nycomed),

and iomeprol (Iomeron, Altana). Results were read after 15

minutes, 24 hours, and 48 hours. Skin prick tests were performed

on the volar forearm, and a diameter of greater than 3 mm was

considered a positive response for an immediate reading at 15

minutes, with a negative response to the control saline. IDTs were

performed by means of the injection of 0.02 to 0.04 mL, raising

a papula of 3 to 4 mm on the back. An increase in diameter of

greater than 3 mm is considered a positive response for the

immediate reading at 15 minutes.28 Positive late reactions for

IDTs consisted in an erythematous infiltration at the injection site

24 to 48 hours later. The patch tests were read according to

International Contact Dermatitis Research Group recommendations.

The skin testingmethodwas validated for all tested contrast agents

in 20 exposed subjects who did not experience reactions. For ethical

considerations, skin tests were not performed in nonexposed subjects.

The results of skin prick tests, IDTs, and patch tests to ICM were

negative in all control subjects.

Tests were also carried out with any concomitant medications

reported in the interview: amoxicillin, piperacillin, ceftriazone,

nalidixic acid, ornidazole, tixocortol, hydroxizine, and lugol.28

Immunohistology

Biopsy specimens from 11 patients were obtained, of which 10

were evaluated by means of immunohistology. Paraffin-embedded

sections were studied with anti-CD3 (Novo); anti-CD45RO, anti-

CD45RA, anti-CD8, anti-CD20, and anti-CD68 (Dako); anti-CD4

(Novocastra); and anti-CD1a (Immunotech) antibodies. Frozen sec-

tions were studied with anti-IgM (Silenus) and anti-IgA, anti-IgG,

anti-C1q, anti-C3, and anti-C4 (Dako) antibodies.
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Lymphocyte activation test

PBMCs from patients were obtained with Ficoll-Hypaque gradi-

ent and cultured with contrast media at 4 concentrations (0.1, 1, 10,

and 100 mg/mL) that were shown to be nontoxic for PBMCs. For

patients I, J, K, and L, the LTTs were performed with tritiated

thymidine uptake into DNA after a cell culture period of 6 days.29 In 2

patients (E and G) the proliferation was measured by means of cell-

cycle analysis throughmeasurement of DNA content,30 and in patient

G (second reaction) and in patient H, T-cell activation were measured

by means of upregulation of the activation marker CD69 (double

immunofluorescence).31

RESULTS

Clinical picture

Time to onset varied between 1 and 48 hours, except for
in patient I, who displayed an immediate reaction with
positive patch test and LTT responses to amidotrizoate.
Reactions lasted between 2 hours and 3 weeks.

Clinical pictures included 6 generalized maculopapular
eruptions, 4 hypersensitivity drug syndromes with eosino-
philia and fever, 1 maculopapular eruption with fever, 1
urticaria with loss of consciousness, and 1 immediate
reaction with facial edema and respiratory distress.

Certain patients presented with particular signs. Patient
G, whose case report has been published previously,19

presented with a delayed-type hypersensitivity to ioxa-
glate in 1996, with fever, cytolytic hepatitis, and eosino-
philia. Seven years later, in 2002, she was injected with the
same iodinated contrast agent (ioxaglate meglumine and
ioxaglate sodium) during coronary angiography, although
she informed the staff of the previous hypersensitivity
reaction and presented her allergy records. A fever
(temperature of 39�C) developed as before, with maculo-
papular and purpuric eruption, diarrhea, renal insuffi-
ciency, cough, and pulmonary interstitial syndrome with
hypoxia at 72 mm Hg that resolved with systemic
corticosteroid therapy (patient G, second reaction).

Patient D presented with rash, although she was taking
cyclosporine (200 mg/d) and systemic corticosteroids (5
mg of prednisolone).

Patient C experienced urticaria and loss of conscious-
ness at 5 hours, and patient I experienced immediate facial
edema and respiratory discomfort with symptoms evoca-
tive of anaphylaxis in spite of the presence of a delayed
skin test reaction.

The predisposing factors found were repeated use of
ICM for 5 patients (patients J, K, L, C, and G) and
concomitant intake of b-blockers for 3 patients (patients
D, G, and J).

Skin testing

Results of skin testing are shown in Table II. Skin test
responses were positive at 24 hours for 5 patients and at 48
hours for 7 patients. The diagnosis was established on the
basis of positive IDT for 3 patients, positive patch test for 4
patients, positive patch test and IDT for 3 patients, and
positive skin prick test, patch test, and IDT for 3 patients.
Three patients were sensitive only to the ICM used,
whereas 9 showed cross-sensitivities to other types of
ICM.

An additional delayed-type hypersensitivity reaction to
another medication was inferred from clinical history and
skin tests in 6 patients (Table I).

Atopic predisposition was found in 2 patients.

Immunohistologic study

The results of immunohistologic study are shown in
Table III. We obtained histologies from the acute reaction,
as well as from the patch test reaction. The histology was
compatible with a T cell2mediated reaction with a lym-
phocyte-rich cell perivascular infiltrate. The main lym-
phocyte population was composed of CD451 cells of the
T phenotype (CD45Ro and CD31), with very rare
CD45Ra1 cells (<20%). It consisted mainly of CD3-
CD4 cells, with the exception of patients G and K, in
whom an equal number of CD8 cells were found. The
semiquantitative evaluation of CD1a1 cells was normal,
except for in patients E and K (IDT), who presented with
large numbers of Langerhans cells inside the epidermis
and very few in the dermis. Eosinophils were absent or
very rare. Discrete spongiosis was recorded in 5 patients.
There was no staining with anti-IgA, anti-IgG, anti-IgM,
anti-C1q, anti-C3, and anti-C4.

Lymphocyte activation and
transformation tests

The lymphocyte activation test (LAT) measured by
means of cell-cycle analysis through DNA content was
positive to ioversol (the culprit ICM) and negative to
iomeprol for patient E. The LAT measured by means of
upregulation of the activation marker CD69 was positive
to the culprit ICM for patient G (second reaction) and to
amidotrizoate. The LAT was negative for patient H.

The LTTs were positive for 3 of 4 patients (Fig 1). The
LTT response of patient L was strongly positive to iohexol
(the culprit ICM), negative to iodixanol, and slightly
positive to iopentol. A slight positivity of this test response
(stimulation index up to 4) was also observed in 2 of 10
individuals not exposed to ICM. Thus the cutoff value was
set at a stimulation index of 4 to be considered positive.

DISCUSSION

Clinical pictures of hypersensitivity to ICM vary
greatly. In this article the term allergy is not limited to
IgE-mediated allergy. Indeed, it is defined by the
European nomenclature as an immune hypersensitivity
without presumption of the immunopathogenesis.32 The
maculopapular eruptions progressing later to desquama-
tion observed here correspond to data in the literature. A
characteristic feature of these eruptions is their location
on the palms of the hands and secondary desquamation.
The frequency of drug allergies associating fever and
eosinophilia was highlighted (4 patients). This might be
associated with severe organ impairment: hepatic cyto-
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TABLE II. Results of skin tests (boldfacing indicates involved ICM)

Ionic

Monomer Dimer

Patient Involved ICM Amidotrizoate Ioxitalamate Ioxaglate

A Ihexol – – –

B Ixitalamate – Pa+ –

C - Iopamidol, + Iohexol, - Iobitridol – – –

D Iodixanol – – –

E Ioversol – – –

F Iomeprol ND IDT, Pa + IDT +

G Ioxaglate – IDT + IDT +

G, second reaction Ioxaglate IDT + IDT, Pa + IDT, Pa +

H Iobitridol – SPT, IDT, Pa + SPT, IDT, Pa +

I Probably amidotrizoate Pa + – –

J Iohexol – Pa + Pa +

K Iohexol, iobitridol – – –

L Iohexol – IDT, Pa + IDT, Pa+

ND, Not done; Pa, patch test; SPT, prick test.
lytic damage, renal insufficiency, and respiratory impair-
ment. The predominance of women reported in earlier
studies was also found in our study.7,33 Late adverse
reactions occurred from 1 hour to 2 days after adminis-
tration but have been reported to occur up to 7 days after
administration.7,8 It is interesting to note that in our series
we have a patient presenting with an immediate reaction
with an already demonstrated T cell2mediated mecha-
nism (positive patch test and LTT response). On the other
hand, we note that the duration of most of the reactions
presented in these series is rather long, up to 3 weeks,
whereas most skin reactions are considered to be resolved
within a week in previously published studies.8

Certain associated factors might be risk factors.
Repeated radiologic examination with ICM favors sensi-
tization. The incidence of late adverse reactions after
administration of ICM might increase in the future be-
cause of the increased use of ICM and the frequent
re-exposure of patients to the same ICM or a structurally
similar one. Three patients were taking b-blockers. This
risk factor is known for immediate-type reactions34 and
highly suspected for delayed-type hypersensitivity.19

Atopy has been suggested as a predisposing factor.35 It
seems not to have been the case in this study because the
frequency of atopic predisposition (16%) is identical to
that of the general population.

The symptoms were similar to drug-induced adverse
reactions, which have been shown to be T-cell medi-
ated.36-38 These observations underline the role of T
lymphocytes in inducing delayed reactions to ICM.
Furthermore, it has been shown that treatment with recom-
binant IL-2 increases the frequency of delayed reactions to
ICM.22,39 The positive prick test, IDT, or patch test
responses with delayed reading and positive LTT demon-
strate this. The histopathology of skin eruptions and
positive skin test responses were compatible with a
T cell2mediated mechanism. The histology was compa-
rable with that previously seen in macular eruption, with
predominantly perivascular lymphocytic infiltration of the
dermis, intraepidermal spongiosis, and eosinophilia as
possible additional features.27,40,41 Positive skin test
responses show the same histologic pattern.23,27,41,42

The histology was quite different from the case of fixed
drug eruption, which has been reported as being charac-
terized by lymphocytic infiltration of the dermis and
epidermis, epidermal spongiosis and necrosis, eosino-
philia, and degeneration of the basal layer but also by
neutrophilic abcess in the stratum corneum.13,40 In the
case of Stevens-Johnson syndrome, dermal lymphohis-
tiocytic infiltrates and focal epidermal necrosis with blister
formation were observed.16 Leukocytoclasia and a periph-
eral infiltrate of neutrophils around vessels were shown in
a case of acute vasculitis.15 Themononuclear infiltrate was
composed of activated T cells, mainly CD41 T cells. One
case of exocytosis of CD81 T cells was reported for
a patientwithmultiple fixeddrug eruption.13Aspreviously
reported, CD41 cells tend to be associated to a morbilli-
form rash, whereas a substantial expansion of CD81

cells is more likely to produce a bullous reaction.37,43

Skin prick tests, IDTs, and patch tests all demonstrate
this mechanism. Carrying out skin prick tests, IDTs, and
patch tests simultaneously is supported by the fact that
results can be discordant. The discrepancy observed
between 2 techniques cannot be explained and demon-
strates that both techniques are required to make a di-
agnosis. No difference in histologic appearance was
observed in the biopsy specimens, irrespective of test
techniques (ie, prick tests, IDTs, or patch tests). Histology
is comparable with that of the eruption when a biopsy was
carried out. T cell–mediated reactions to ICM appear not
to be related to the class of ICM. Ionic, nonionic,
monomeric, and dimeric agents have been involved in
the late reactions described in this series. The frequency of
cross-sensitivity to different ICM is worth noting7,10; it
concerns 75% of cases, which is different to immediate
allergic reactions.1 Cross-reactivity exists between ionic
and nonionic, monomeric, and dimeric agents. Patient G
demonstrated the specificity and relevance of causative
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Nonionic

Monomer Dimer

Iopamidol Iopentol Iohexol Ioversol Iopromide Iobitridol Iomeprol Iodixanol

– ND Pa+ ND ND – ND Pa+

– ND – ND ND ND ND ND

SPT, IDT, Pa + SPT, IDT, Pa + SPT, IDT, Pa + Pa + – — – SPT, IDT, Pa+

– IDT + IDT + – – – – IDT +

– ND – IDT + ND ND ND ND

IDT + IDT + SPT, IDT, Pa + SPT, IDT, Pa + Pa + – SPT, IDT, Pa + –

IDT + ND – ND ND ND ND ND

IDT, Pa + IDT, Pa+ IDT, Pa + IDT, Pa + IDT, Pa + IDT + ND Pa +

SPT, IDT, Pa + SPT, IDT, Pa + SPT, IDT, Pa + SPT, IDT, Pa + – – – SPT, IDT, Pa +

– ND ND ND ND – ND –

Pa + Pa + Pa + Pa + Pa + Pa + ND Pa +

– IDT, Pa + IDT, Pa + IDT, Pa + IDT, Pa + IDT, Pa + ND IDT, Pa +

IDT+ IDT+ IDT, Pa+ IDT, Pa + IDT, Pa + Pa + ND IDT, Pa +

TABLE III. Immunohistology of skin biopsy specimens

Biopsy site

Perivascular infiltrate

of mononuclear cells

in the dermis*

Exocytosis of

mononuclear cells

in the epidermis CD4/CD8 LTT

A Skin eruption;

patch test

1; 1 1; 1 90/10 ND

B Patch test 1 1 90/10 ND

D IDT 1, rare eosinophils 1 80/20 ND

E IDT 1 1, numerous CD1a1 80/20 Positive ioversol

F IDT 1 2 70/30 Negative iomeprol

G Skin eruption; IDT 1; 1, rare eosinophils 2; 1 50/50 ND

G, second

reaction

Skin eruption; IDT 1, numerous

eosinophils; 1, rare eosinophils

2; 2 70/30 Positive ioxaglate,

amidotrizoate

H Prick test; IDT;

patch test

1; 1; 1 1; 1; 1 60/40 Negative iobiridol

iohexol

I Patch test 1, rare eosinophils 2 80/20 Positive amidotrizoate

J Patch test 1 2 Positive iohexol

K IDT 1, rare eosinophils 1 numerous CD1a1 50/50 Negative iohexol,

iobiridol

L Patch test 1, rare eosinophils 2 60/40 Positive iohexol

*The lymphocyte population of the perivascular infiltrate of all biopsy specimens is CD451, CD45Ro1, and CD31, with rare CD45Ra1.
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diagnosis bymeans of a positive skin test response: 7 years
later, rechallenge with an injection of the same ICM
induced a more severe drug allergy syndrome, as reported
in the literature.13,17,18,25,27,42 The fact that late-onset
hypersensitivity recurred 7 years after the first incident
demonstrates the persistence of reactivity over time. In this
patient successive allergy checkups indicated the onset of
new cross-sensitivities (amidotrizoate and iohexol).

Conversely, negative skin test to ICM, as well as LAT,
cannot be interpreted with any certainty. Case report A
showed that the patient was allergic to iohexol, yet the
same patient did not react to iobiridol and iopamidol: skin
test responses were positive to iohexol but negative to the
2 ICM previously tolerated. Case report H showed that the
reaction occurred after an injection of iobiridol, whereas
the skin test and LAT responses were negative with this
ICM.
The abnormal frequency of associated drug allergies is
demonstrated for the first time: half the patients in our
series (6/12) displayed various delayed-type drug hyper-
sensitivities. These patients with another drug allergy
presentedwith a pattern of cross-sensitivity to several ICM
types. The hypothesis of a predisposition of some patients
to lymphocyte activation by haptens could be envisaged.
These reactions draw attention to the multiple drug
hypersensitivity syndrome.44,45 T cell–mediated reactions
to ICM appear to be part of a multiple drug sensitivity
syndrome and might indicate a predisposition of some
subjects to immune reactions to chemical substances. It
should be added that in these cases, it is a delayed-type
drug hypersensitivity and T cell–mediated reaction to ICM.

Both radiologists and patients should be aware that
ICMmight cause late adverse reactions that could develop
even several days later. The patient should be informed of
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FIG 1. LTT. Counts per minute in the lymphocyte thymidine incorporation are noted on top of each bar.
the ICM used and advised to consult an allergy specialist
to investigate any reaction.7 Radiologists should record
the name of the ICM used in the patient’s medical file,1

especially if the patient needs to undergo repeated
injections. The clinical relevance of any cross-sensitivity
frequently noted during skin tests requires further study.

We thank Frances Yen Potin for proofreading. The performance of

the LTTs was possible through a grant by AmershamHealth, Norway

to WJP.
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JM. Réactions anaphylactoı̈des et cutanées tardives aux produits de

contraste iodés: état actuel de la question—évolution des idées. Rev Med

Interne 2001;22:969-77.

2. Kanny G, Maria Y, Mentre B, Moneret-Vautrin D. Recurrent anaphy-

lactic shock to radiographic contrast media. Evidence supporting an

exceptional IgE-mediated reaction. Allergie Immunol 1993;25:425-30.

3. Yasuda R, Munechika H. Delayed adverse reactions to nonionic

monomeric contrast-enhanced media. Invest Radiol 1998;33:1-5.

4. Munechika H, Hiramatsu Y, Kudo S, Sugimura K, Hamada C,

Yamaguchi K, et al. A prospective survey of delayed adverse reactions

to iohexol urography and computed tomography. Eur Radiol 2003;13:

185-94.

5. Rydberg J, Charles J, Aspellin P. Frequency of late allergy-like adverse

reactions following injection of intravascular non-ionic contrast media. A

retrospective study comparing a non-ionic monomeric contrast medium

with a non-ionic dimeric contrast medium. Acta Radiol 1998;39:219-22.

6. Panto PN, Davies P. Delayed reactions to urographic contrast media.

Br J Radiol 1986;59:41-4.

7. Hosoya T, Yamaguchi K, Akutsu T, Mitsuhashu Y, Kondo S, Sugai Y,

et al. Delayed adverse reactions to iodinated contrast media and their

risk factors. Radiat Med 2000;18:39-45.

8. Webb JA, Stacul F, Thomsen H, Morcos SK. Members of the contrast

Media Safety Committee Of The European Society Of Urogenital

Radiology. Late adverse reactions to intravascular iodinated contrast

media. Eur Radiol 2003;13:181-4.

9. Christiansen C, Pichler W, Skotland T. Delayed allergy-like reactions to

X-ray contrast media mechanistic considerations. Eur Radiol 2000;10:

1965-75.

10. Akiayama M, Nakada T, Sueki H, Fujsawa R, Iijima M. Drug eruption

caused by nonionic iodinated X-ray contrast media. Acad Radiol 1998;

5(suppl):s159-61.

11. Benson PM, Giblin WJ, Douglas DM. Transient, nonpigmenting fixed

drug eruption caused by radiopaque contrast media. J Am Acad Dermatol

1990;23:379-81.

12. Borofsky HB, Barmard CM, Lang EV. Fixed bulloous drug eruption and

fever after urography. Advances in X-Ray Contrast 1993;1:58-60.
13. Watanabe H, Sueki H, Nakada T, Akiama M, Iijima M. Multiple fixed

drug eruption caused by iomeprol (Iomeron), a nonionic contrast

medium. Dermatology 1998;19:291-4.

14. Goodfellow T, Holdstock GE, Brunton FJ, Bamforth J. Fatal acute vas-

culitis after high-dos urography with iohexol. Br J Radiol 198;59:620–1.

15. Reynolds NJ, Wallington TB, Burton JL. Hydralazine predisposes to

acute cutaneous vasculitis following urography with iopamidol. Br J

Dermatol 1993;129:82-5.

16. Savill JS, Barrie R, Ghosh S, Muhlemann M, Dawson P, Pusey CD. Fatal

Stevens-Johnson syndrome following urography wit iopamidol in

systemic lupus erythematosus. Postgrad Med J 1988;64:392-4.

17. RosadoA,CantoG,Veleiro B, Rodriguez J. Toxic epiderma necrolysis after

repeated injections of iohexol. AJR Am J Roentgenol 2001;176:262-3.

18. Vaillant L, Pengloan J, Blanchier D, De Muret A, Lorette G. Iododerma

and acute respiratory distress with leucocytoclasic vasculitis following

the intravenous injection of contrast medium. Clin Exp Dermatol 1990;

15:232-3.

19. Kanny G, Marie B, Hoen B, Trechot P, Moneret-Vautrin DA. Delayed

adverse reaction to sodium ioxaglic acid-meglumine. Eur J Dermatol

2001;11:134-7.

20. Burton JL, Jarmolowski E, Raineri F, Buist MD, Wriedt CH. A severe,

late reaction to radiological contrast media mimicking a sepsis syndrome.

Australas Radiol 1999;43:360-2.

21. Savader SJ, Brodkin J, Osterman FA. Delayed life threatening reaction to

non-ionic contrast media. J Interv Radiol 1995;10:115-6.

22. Choyke PL, Miller DL, Lotze MT, Whiteis JM, Ebbitt B, Rosenberg SA.

Delayed reactions to contrast media after interleukin-2 immunotherapy.

Radiology 1992;183:111-4.

23. Brockow K, Becker EW, Worret WI, Ring J. Late skin test reactions to

radiocontrast medium. J Allergy Clin Immunol 1999;104:1107-8.

24. BrockowK,BeckerE,WorretW,Ring J. Positive skin tests in late reactions

to radiographic contrast media. Allergie Immunol 1999;31:49-51.

25. Courvoisier S, Bircheer AJ. Delayed-type hypersensitivity to a nonionic,

radiopaque contrast medium. Allergy 1998;53:1221-4.

26. Romano A, Artesani MC, Andriolo M, Viola M, Pettinato R, Vecchioli-

Scaldazza A. Effective prophylactic protocol in delayed hypersensitivity to

contrast media: report of a case involving lymphocyte transformation

studies with different compounds. Radiology 2002;225:466-70.

27. Schick E, Weber L, Gall H. Delayed hypersensitivity reaction to the

non-ionic contrast medium iopromid. Contact Dermatitis 1996;35:312.

28. Brockow K, Romano A, Blanca M, Ring J, Pichler W, Demoly P.

General considerations for skin test procedures in the diagnosis of drug

hypersensitivity. Allergy 2002;57:45-51.

29. Nyfeler B, Pichler WJ. The lymphocyte transformation test for the

diagnosis of drug allergy: sensitivity and specificity. Clin Exp Allergy

1997;27:175-81.

30. Kohler C, Kolopp-Sarda MN, de March-Kennel A, Barbaud A, Béné M,

Faure GC. Sequential assessment of cycle S phase in flow cytometry:

a non-isotopic method to measure lymphocyte activation in vitro. Anal

Cell Pathol 1997;14:51-9.

31. Sabbah A, Sainte-Laudy J. Flow cytometry applied to the analysis of

lymphocyte and basophil activation. ACI Int 1996;8/4:116-9.



J ALLERGY CLIN IMMUNOL

VOLUME 115, NUMBER 1

Kanny et al 185
32. Johansson SGO, Hourihane JOB, Bousquet J, Brujinzeel-Koomen C,

Dreborg S, Haahtela T, et al. A revised nomenclature for allergy. Allergy

2001;56:813-24.

33. Yoshikawa H. Late adverse reactions to nonionic contrast media.

Radiology 1999;183:737-40.

34. Lang DM, Alpern MB, Visintainer PF, Smith ST. Elevated risk of

anaphylactoid reaction from contrast media is associated with both

beta-blocker exposure and cardiovascular disorders. Ann Intern Med

1993;153:2033-40.

35. Mikkonen R, Vehmas T, Granlund H, Kivisaari L. Seasonal variation in

the occurrence of late adverse skin reactions to iodine-based contrast

media. Acta Radiol 2000;41:390-3.

36. Pichler W. Role of T cells in drug allergies. Allergy 1998;53:225-32.

37. Hari Y, Frutig-Schnyder K, Hurni M, Yawalkar N, Zanni MP, Schnyder

B, et al. T cell involvement in cutaneous drug eruptions. Clin Exp

Allergy 2001;31:1398-408.

38. Christiansen C. Late-onset allergy-like reactions to X-ray contrast media.

Curr Opin Allergy Clin Immunol 2002;2:333-9.
39. Zukiwiski AA, David CL, Coan J, Wallace S, Gutterman JU, Mavligit

GM. Increased incidence of hypersensitivity to iodine-containing radio-

graphic contrast media after interleukin-2 administration. Cancer 1990;65:

1521-4.

40. Gonzalo-Garijo MA, de Argila D, Pimentel JJ, Alejo M,

Garcia-Menaya JM. Skin reaction to contrast medium. Allergy 1997;

52:875-6.

41. Kansaki T, Sakagami H. Late phase allergic reactions to a CT contrast

medium. J Dermatol 1991;18:528-31.

42. Gall H, Pillekamp H, Peter R. Late-type allergy to the X-ray contrast

Solutrast (iopamidol). Contact Dermatitis 1999;40:248-50.

43. Pichler WJ. Delayed drug hypersensitivity reactions. Ann Intern Med

2003;139:683-93.

44. Pichler WJ. Multiple drug hypersensitivity. In: Marone G, editor.

Proceedings of the 21th EAACI congress 2002. Naples: Clin Immunol

All Med; 2003. p. 193–8.

45. Asero R. Multiple drug allergy syndrome: a distinct clinical entity. Curr

Allergy Rep 2001;1:18-22.
Fo
o
d
a
ll
e
rg

y
,
d
e
rm

a
to

lo
g
ic

d
is
e
a
se

s,
a
n
d
a
n
a
p
h
y
la
x
is


	T cell-mediated reactions to iodinated contrast media: Evaluation by skin and lymphocyte activation tests
	Methods
	Patients
	Skin testing
	Immunohistology
	Lymphocyte activation test

	Results
	Clinical picture
	Skin testing
	Immunohistologic study
	Lymphocyte activation and transformation tests

	Discussion
	References


