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(PPV) and negative predictive value (NPV) were 40 and 80%, 
respectively. For nonimmediate reactions, the sensitivities of 
delayed readings of IDTs and PTs were 14.3 and 25%, respec-
tively; specificity was 100% for both tests. The PPV was 100% 
for both of these tests, and the NPVs were 85.4 and 82.4%, 
respectively.  Conclusions:  Our findings are comparable with 
the incidence, profile and risk factors associated with CM hy-
persensitivity reported previously. Skin testing with CMs has 
a high specificity, but its role in diagnosis is limited due to 
low sensitivity. 

 

Copyright © 2011 S. Karger AG, Basel 

 Introduction 

 Iodinated contrast media (CMs) are among the most 
widely used drugs worldwide  [1] . They were introduced 
into clinical practice in the 1950s, and since then about 
75 million X-ray examinations have been performed 
yearly with the use of CMs. Moreover, the number of pa-
tients receiving these medications continues to rise with 
the increasing use of computed tomography (CT)  [2] . Al-
though they are chemically inert and regarded as rela-
tively safe, hypersensitivity reactions to CMs ranging in 
severity from mild to severe, life-threatening reactions 
may still occur  [3, 4] .
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 Abstract 

  Background:  Hypersensitivity to contrast media (CMs) may 
be common and serious.  Aim:  To evaluate the prevalence of 
CM hypersensitivity, risk factors associated with it and the 
role of skin testing in its diagnosis.  Methods:  A structured 
questionnaire was administered to patients who underwent 
computed tomography during a 1-year period. Skin tests 
with CMs, including skin prick tests (SPTs), intradermal tests 
(IDTs) and patch tests (PTs), were conducted on CM reactors 
(n = 24). Volunteers who tolerated CM exposure or had never 
been exposed to any CMs served as controls (n = 37).  Results:  
A total of 1,131 patients (630 females and 501 males; mean 
age 55  8  14.2 years) were enrolled in the study. The preva-
lence of historical and current CM reactors was 33/1,131 
(2.92%) and 8/1,105 (0.72%), respectively. The skin was the 
most affected site, with mild to moderate reactions. Female 
gender, a history of doctor-diagnosed asthma, drug allergy, 
food allergy and psychiatric diseases were significant risk 
factors. The sensitivities of SPTs and early readings of IDTs in 
the diagnosis of immediate reactions were 0 and 20%, re-
spectively, and the specificities were 94.6 and 91.4%, respec-
tively. For early readings of IDTs, the positive predictive value 
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  Iodinated CMs are categorized into ionic and nonion-
ic types. The prevalence rate of CM-induced hypersensi-
tivity reactions was first evaluated through phase II and 
III clinical trials and then through large-scale postmar-
keting surveillance studies  [4–6] . Since the introduction 
of nonionic CMs into clinical practice, adverse reactions 
associated with CM administration have been reported 
less frequently  [5, 7–10] . A large-scale nationwide study 
in Japan reported that not only the prevalence of all de-
grees of adverse reactions to CMs but also the prevalence 
of severe and potentially life-threatening adverse reac-
tions were significantly reduced with nonionic CMs  [6] .

  Adverse reactions after CM administration have been 
divided into 3 types, namely allergic and nonallergic hy-
persensitivity reactions, toxic reactions and reactions un-
related to CM application  [11] . Hypersensitivity reactions 
after exposure to CMs are classified according to the time 
interval between CM administration and the first ap-
pearance of clinical manifestations as immediate (reac-
tion within 1 h) and nonimmediate reactions (reaction 
after 1 h). Although the exact mechanism underlying the 
pathogenesis of CM-induced allergy-like reactions is not 
completely understood, recent studies indicate that a sub-
set of immediate reactions are likely true IgE-mediated 
reactions, while most of the nonimmediate skin reactions 
are most likely caused by T cells  [2, 7, 12, 13] . Thus, pa-
tients who experience such hypersensitivity reactions are 
advised to undergo allergologic evaluation, including 
skin tests. However, limited data are available about the 
value of skin tests in the diagnosis of CM-related hyper-
sensitivity reactions  [1, 2, 12, 14, 15] .

  In Turkey, CMs have been used for radiological evalu-
ation since the introduction of these drugs; however, 
there are no data documenting the frequency and type of 
hypersensitivity reactions to either ionic or nonionic 
CMs. Therefore, in this study we aimed to determine the 
prevalence of hypersensitivity reactions to CMs as well as 
the risk factors associated with them and to assess the role 
of skin testing in the diagnosis of CM-related hypersen-
sitivity reactions.

  Materials and Methods 

 Patient Selection and Study Design 
 The Departments of Allergy and Clinical Immunology and 

Radiology of the Ankara University School of Medicine jointly 
conducted this descriptive, prospective, open-label, 1-year study 
between June 2006 and June 2007. In the first part, subjects who 
presented to the Radiology Department for CT scan were con-
secutively enrolled to determine the prevalence and risk factors of 

hypersensitivity reactions to CM. The patients were questioned 
with the help of a radiology nurse using a modified European 
Network of Drug Allergy questionnaire  [16] , including demo-
graphic characteristics, previous CM exposure, previous CM-re-
lated hypersensitivity reactions and comorbid diseases.

  Clinical manifestations of immediate and nonimmediate hy-
persensitivity reactions to CMs were defined according to Bro-
ckow et al.  [14] . The severity scale of Ring and Messmer  [17]  was 
used for classification of immediate reactions as grade 1 (general-
ized cutaneous and/or mucocutaneous symptoms), grade 2 (mild 
systemic reactions), grade 3 (life-threatening systemic reactions) 
or grade 4 (cardiac and/or respiratory arrest). Nonimmediate re-
actions were graded as mild when no treatment was required, 
moderate when the patient responded readily to appropriate 
treatment and no hospitalization was needed and severe when the 
reaction required hospitalization or was life-threatening  [8, 14] .

  The second part of the study was dedicated to evaluating the 
role of skin testing in the diagnosis of hypersensitivity reactions 
to CMs. Patients with a reliable history of verbal or documented 
CM hypersensitivity were included in the study. They either had 
a history of hypersensitivity reactions to CMs before entering the 
study and needed a new radiologic evaluation with CMs or expe-
rienced a CM-induced reaction during the 1-year study period. In 
the first part of the study, two investigators, O. Göksel and O. Ay-
din, who are specialists in allergy, interviewed patients who had 
had previous reactions to CMs about the type and severity of the 
reactions by telephone. In the second part of the study, patients 
who developed a reaction during the CT examination were all re-
ferred to the Allergy Department from the Radiology Depart-
ment. The same investigators evaluated these patients whether 
they had a hypersensitivity reaction to CMs or not.

  Additionally, patients only with a history of CM-induced al-
lergy-like reactions from the end of the first part of the study in 
June 2007 to June 2009 were included in order to increase the 
number of CM reactors. Volunteers who tolerated CM exposure 
or had never been exposed to any CM served as controls. The Eth-
ics Committee of Ankara University approved the survey, and 
informed consent was obtained from the study participants.

  Skin Testing for CM-Induced Immediate and Nonimmediate 
Reactions 
 Skin tests, including skin prick tests (SPTs), intradermal tests 

(IDTs) and patch tests (PTs), with CMs were performed according 
to the type of reactions induced by CMs  [4, 14, 18] . Positive (hista-
mine, 0.01%) and negative (saline solution) controls were also in-
cluded in skin testing. An SPT with the culprit CM (full strength) 
was performed on the volar forearm and was read after 15 min. A 
wheal reaction with a mean diameter 3 mm greater than that of the 
negative control was considered positive  [2, 14] . If it was negative, 
the first IDT was performed with 1:   1,000-diluted CM on the volar 
forearm or upper arm. An amount of 0.03–0.05 ml of the test solu-
tion was injected into the skin to produce a bleb of 3–5 mm in di-
ameter. If the result was negative after 15 min, subsequent IDTs 
with 100- and 10-fold diluted CM were performed. Readings were 
performed after 15 min (early reading) and on days 1, 2 and 3 (de-
layed readings). The IDT was considered as 1+ positive if the size 
of the wheal was between 3 and 5 mm, 2+ positive if the size of the 
wheal was between 6 and 10 mm and 3+ positive if the size of the 
wheal was between 11 and 15 mm on the early readings or if an 
erythematous induration at the skin test site was present on the 
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delayed readings  [14, 19] . For the PTs, since there were no standard-
ized and commercially available CM allergens for PTs, 1,000-, 100- 
and 10-fold dilutions of the culprit CM in saline were prepared by 
researchers at the Department of Immunology and Allergy. Solu-
tions were soaked in a plastic chamber on a filter paper (Haye’s Test 
Chamber; Haye’s Service B.V., The Netherlands) and fixed on the 
patient’s back with a special nonirritant, nonsensitized adhesive 
tape strip (Haye’s) for 3 days. European Standard Series PTs were 
also applied to exclude any nonimmediate reactions induced by 
another contact sensitizer allergen (Brial Allergen, Greven, Ger-
many). Readings were conducted 15 min after removal of the strips 
and also after 24, 48 and 72 h in accordance with the recommenda-
tions of the European Society of Contact Dermatitis  [18] .

  Subsequently, the role of SPTs and early readings of IDTs in 
the diagnosis of immediate reactions, and the role of PTs and de-
layed readings of IDTs in the diagnosis of nonimmediate reac-
tions were statistically evaluated. The patients who were given 
premedication before radiological evaluation and the patients 
who were tested with an alternative CM because the culprit agent 
was unknown were not included in these statistical analyses. An 
observation or a reliable/documented medical history of an aller-
gy-like reaction after administration of CM was used as the gold 
standard, and skin test sensitivity and specificity were calculated 
accordingly along with the controls. 

  Evaluation of Atopy 
 Patients skin tested with CM were also skin tested with inhal-

ant allergens for the diagnosis of atopic status. Atopy was defined 
as a positive SPT reaction to at least one of the aeroallergens test-
ed. Glycerinated extracts (Stallergenes, Antony, France) of the fol-
lowing allergenic sources were used in SPTs:  Dermatophagoides 
pteronyssinus ,  Dermatophagoides farinae , cockroach, grass, tree, 
weed pollens, cat, dog and  Alternaria  and  Cladosporium  antigens. 
Positive (histamine, 10 mg/ml) and negative (saline solution) con-
trols were also included in the SPTs. The puncture method with 
a 1-mm-tip disposable lancet was used, and a wheal reaction with 
a mean diameter 3 mm greater than that of the negative control 
was considered a positive response.

  Statistical Methods 
 Statistical analyses were performed using the Statistical Pack-

age for Social Sciences for Windows (SPSS version 11.0; SPSS, Chi-
cago, Ill., USA). Descriptive statistics are expressed as means  8  
SD and numbers with percentages. Categorical data were ana-
lyzed by  �  2  test. Univariate analyses were performed with Fisher’s 
exact test, while logistic analyses were used for multiple analyses. 
The odds ratio and its 95% confidence interval (CI) were calcu-
lated. A p value of  ! 0.05 was considered statistically significant.

  Sensitivity of SPTs or early readings of IDTs was defined as the 
proportion of subjects with a positive CM-induced immediate hy-
persensitivity reaction whose SPTs or IDTs were positive with the 
culprit CM. Specificity was defined as the proportion of control 
group subjects whose SPTs or IDTs were negative with the culprit 
CM. The same method was used for the determination of the sen-
sitivity and specificity of delayed readings of IDTs and PTs. The 
positive predictive value (PPV) was calculated as follows: number 
of true positives/(number of true positives + number of false pos-
itives). The negative predictive value (NPV) was calculated as fol-
lows: number of true negatives/(number of true negatives + num-
ber of false negatives).

  Results 

 Prevalence and Risk Factors Associated with
CM-Induced Hypersensitivity Reactions 
 In the first part of the study, 1,131 subjects with a mean 

age of 55  8  14.2 years filled out the European Network 
of Drug Allergy questionnaire during the 1-year period. 
Thirty-five of the 1,131 patients had a history of a CM-
induced hypersensitivity reaction. Among them, 33 were 
considered to have a reliable history and 2 patients who 
had hypertension and reported increases in their blood 
pressure after CM administration were excluded from 
the study. For 12 of the 33 patients, their past reactions 
were later documented by a note written by a physician 
who had witnessed and/or treated the reaction. There-
fore, the past prevalence of CM-induced hypersensitivity 
reactions was 2.92% (33/1,131;  table 1 ). Among the 33 pa-
tients, 21 and 12 patients were defined as having had im-
mediate- and non-immediate-type reactions, respective-
ly. Seven (4 immediate-type, 3 non-immediate-type reac-
tions) of the 33 had further CT evaluation with a CM that 
was negative on skin testing. Of these 7, iohexol was the 
culprit CM in 2 patients, and the culprit CM could be de-
termined as an ionic CM in another 2 patients; however, 
the culprit CM could not be identified in the other 3 pa-
tients. The Radiology Department conducted further 
CTs without using a CM for the remaining 26 cases. Thus, 
a CM from the nonionic iodinated monomer or dimer 
group was administered by the intravenous route in 1,097 
patients and by the intraarterial route in 8 patients. The 
most frequently used CM was iohexol, which was given 
to 784 subjects (69.3%), followed by iomeprol in 129 cases 
(11.4%), iopromide in 79 cases (7%), ioxilan in 73 cases 
(6.5%), iopamidol in 23 cases (2%), iodixanol in 17 cases 
(1.5%) and iobitridol in 1 case (0.1%).

  In the study group, 69.5% of the patients had prior CM 
exposure and 64.9% had at least one comorbid disease. 
While the comorbid disease was one of the nonallergic 
diseases in 43.7% of the patients, 10.8% had at least one 
disease that could be of allergic origin. Asthma was the 
most frequently observed disease of potential allergic or-
igin (4.4%). A total of 41 patients (3.6%) reported hyper-
sensitivity to drugs, among which penicillin and analge-
sics were most frequent. There were only 5 patients with 
a history of food allergy; namely, 1 patient to cacao, 1 to 
mushroom, 1 to gluten and 2 to peach ( table 1 ).

  Eight patients (current prevalence: 8/1,105, 0.72%) ex-
perienced a hypersensitivity reaction to a CM adminis-
tered during the 1-year study period. Among them, 4 ex-
perienced immediate-type reactions (grade 1–2) and 4 
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experienced non-immediate-type reactions (mild to 
moderate;  table 1 ). Iohexol was the culprit drug in 7 of 
these patients, and 1 reacted to iopromide. The most fre-
quently reported symptoms were maculopapular exan-
thems in 37.5%, followed by itching, erythema and urti-
caria-like skin rashes in 18.7%, angioedema in 21.9%, 
dyspnea in 24.4%, hypotension in 24.4%, nausea and 
vomiting in 21.9%, syncope in 7.3%, bullous exanthema 
and exfoliative eruption in 2.4% and change of color at a 
fixed skin site in 2.4%. A summary of the clinical presen-
tations of past and current CM reactors (n = 41) is shown 
in  table 2 . No hospitalization or mortality was observed 
in these patients, and all reactions were well controlled 
with systemic steroids and antihistamines.

  There were significant differences between the pa-
tients with past/current CM-induced hypersensitivity re-
actions (n = 41) and patients who tolerated CMs without 
any reaction (n = 1,090) in terms of gender and a history 
of doctor-diagnosed allergic or nonallergic disease. In 
multivariate analysis, female gender, a history of doctor-
diagnosed asthma, drug allergy, food allergy or psychiat-
ric diseases emerged as significant risk factors associated 
with CM-induced hypersensitivity reactions ( table 3 ).

  Skin Test Results 
 Skin tests were performed within 2 months to 27 years 

after the CM-induced hypersensitivity reaction. A total 
of 24 reactors to CMs (18 females and 6 males; mean age 
51  8  14.90 years) were skin tested with an alternative CM 
or culprit agent. Among them, there were 7 patients with 

Table 1. C haracteristics of the study group and prevalence of CM-
induced hypersensitivity reactions

Characteristic

Total patients 1,131

Males/females 501/630 (44.3/55.7)

Mean age (range), years 55814.2 (18–88)

Prior exposure to CM 786 (69.5)

Prior CM-induced reaction 33 (2.92)

CM exposure for the first time 345 (30.5)

Patients with comorbid diseases 584 (51.6)

Patients with comorbid allergic diseases 
Patients with 1 allergic disease
Patients with 2 allergic diseases
Patients with 3 allergic diseases

122 (10.8)
104 (9.2)

12 (1.1)
6 (0.5)

Comorbid allergic diseases
Asthma
History of drug allergies

Penicillin allergy
NSAID allergy

Allergic rhinitis
Chronic urticaria/angioedema
Contact dermatitis
Metal allergy
Food allergy
Venom allergy

50 (4.4)
41 (3.6)
21 (1.9)

8 (0.7)
17 (1.5)
11 (1)
11 (1)
10 (0.9)

5 (0.4)
1 (0.08)

Patients with comorbid nonallergic diseases 
Hypertension
Heart disease
Liver disease
Thyroid disease
Diabetes mellitus 
Renal disease
Gastrointestinal system disease
Psychiatric disease

494 (43.7)
257 (22.7)
119 (10.5)
104 (9.2)

80 (7.1)
52 (4.6)
44 (3.9)
40 (3.5)
24 (2.1)

Reaction to CM in the past (n = 1,131)
Immediate reaction
Nonimmediate reaction

21 (1.86)
12 (1.06)

Reaction to CM during the study (n = 1,105)
Immediate reaction 
Nonimmediate reaction 

4 (0.36)
4 (0.36)

Total reactions (n = 1,131)
Immediate reactions 
Nonimmediate reactions

41 (3.62)
25 (2.21)
16 (1.41)

Values represent numbers of patients, with percentages in pa-
rentheses, except where indicated otherwise. NSAID = Nonste-
roidal anti-inflammatory drug.

Table 2. C linical manifestations of hypersensitivity reactions to 
CMs

Symptoms Immediate 
reaction
(n = 25)

Nonimmediate 
reaction 
(n = 16)

Itching, erythema and urticaria-
like skin rashes 11 (44) 3 (18.7)

Maculopapular exanthems – 6 (37.5)
Angioedema 2 (8) 7 (43.7)
Dyspnea 9 (36) 4 (25)
Nausea/abdominal cramp 8 (32) –
Vomiting/diarrhea 9 (36) –
Skin exfoliation – 1 (6.2)
Fixed drug eruption – 1 (6.2)
Hypotension 6 (24) 4 (25)
Syncope 3 (12) –

Values represent numbers of patients, with percentages in pa-
rentheses.
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a history of CM hypersensitivity prior to the study, 8 pa-
tients with reactions to CMs during the 1-year study pe-
riod and 9 patients with reactions to CMs after the 1-year 
study period until June 2009. Of the last 9 patients, 6 had 
immediate reactions (4 with grade 2, 2 with grade 1) and 
3 had nonimmediate reactions (2 mild, 1 moderate). The 
7 prior reactors (No. 1–7,  table 4 ) were the first cases on 
whom skin testing was performed since they needed CT 
evaluation with a CM. In 2 patients, the culprit CM was 
documented as iohexol, while in another 2 the culprit 
agent was a generic, unknown ionic CM. The culprit 
agent could not be determined in the remaining 3. Of 
these 7 patients, iohexol was skin tested in 5 patients, in-
cluding 2 iohexol reactors, and ioversol and ioxilan were 
each skin tested in 1 patient before radiological evalua-
tion ( table 4 ). SPTs and IDTs were all negative in these 7 
patients. Nevertheless, as the sensitivity and specificity of 
the skin tests for CM hypersensitivity were not exactly 
known, these cases were offered a standard premedica-
tion protocol (40 mg of methylprednisolone 13, 7 and 1 h 
before CT, 50 mg of pheniramine 1 h before) for CT ap-
plication, but only 6 of them were premedicated by the 
radiology department (No. 2–7,  table 4 ). No reaction was 
observed with CMs in these premedicated patients. How-
ever, 1 prior reactor (patient No. 1,  table 4 ) who had a his-
tory of a grade 1 immediate reaction to an unknown CM 
experienced a grade 2 immediate reaction when CT was 
performed with ioxilan without premedication despite a 
negative result on skin testing with ioxilan. 

  Skin tests were positive in 2 of the 8 patients who de-
veloped CM-related hypersensitivity reactions during the 
study period (No. 8–15,  table 4 ) and in 3 of the additional 
9 patients with reactions to CMs after the study period 
(No. 16–24,  table 4 ).

  Almost all 24 patients were skin tested with only 1 
CM, either culprit or alternative, and 1 patient was tested 
with 2 CMs. The culprit agent was known and tested in 
19 patients but it could not be identified in 5 patients. Out 
of the 24 patients who were skin tested with CMs, almost 
all were tested with nonionic monomers (n = 23), except 

for 2 patients (No. 12 and 24,  table 4 ) who were tested with 
the nonionic dimer iodixanol. Further skin tests with al-
ternative CMs were offered to 4 patients who were posi-
tive to the culprit CM. Three of them did not consent to 
further skin tests with alternative CMs. Only 1 patient 
(No. 12,  table 4 ) was tested with an alternative CM, which 
gave a positive result, and she did not consent to further 
skin testing with another CM.

  The control group consisted of 37 age- and gender-
matched individuals (26 females and 11 males; mean age 
51  8  11.35 years), of whom 19 had never been exposed to 
a CM and 18 had tolerated radiological evaluation with 
CM application. Of the 37 controls, skin testing was per-
formed with iohexol in 27 subjects (73%), iopromide in 5 
subjects (13.5%), iomeprol in 3 subjects (8.1%) and iodix-
anol in 2 subjects (5.4%). SPTs and IDTs were positive in 
2 of the 18 previously exposed controls and 3 of the 19 
unexposed controls. 

  When we excluded the patients who were premedicat-
ed and tested with an alternative CM, there remained 10 
patients with immediate reactions and 7 patients with 
nonimmediate reactions (No. 8–24,  table 4 ). None of the 
10 patients with CM-induced immediate reactions (No. 
8–11 and 16–21,  table 4 ) demonstrated SPT positivity to 
the culprit CM. Early readings of IDTs were 2+ positive 
in 2 cases (20%; patients No. 16 and 19,  table 4 ). However, 
SPT positivity with a CM was observed in 2 individuals 
(5.4%) who were both unexposed controls, and early 
readings of IDTs were also positive in 3 individuals (8.6%) 
who were all exposed controls.

  Accordingly, the sensitivity of the SPT was 0%, speci-
ficity was 94.6% (95% CI 80.5–99.1%), PPV was 0% and 
NPV was 77.8% (95% CI 62.5–88.3%) for the diagnosis of 
immediate reaction to a CM. For the early readings of 
IDTs, sensitivity was 20% (95% CI 3.5–55.8%), specificity 
was 91.4% (95% CI 75.8–97.8%), PPV was 40% (95% CI 
7.3–82.9%) and NPV was 80% (95% CI 63.9–90.4%) ( fig. 1 ).

  Positivity with the culprit agent (diluted 1:   10) was ob-
served on the delayed reading of the IDT in only 1 (14.3%; 
patient No. 12,  table 4 ) of the 7 nonpremedicated patients 

Table 3. R isk groups with respect to CM-induced hypersensitivity reactions

Risk factor CM reactors (n = 41) p univariate p multivariate Odds ratio (95% CI)

Female gender 29 (65.9%) <0.01 <0.05 2.17 (1.037–3.924)
Psychiatric disease 6 (13.6%) <0.001 <0.01 6.372 (2.123–19.131)
Drug allergy 8 (18.2%) <0.001 <0.001 5.738 (2.293–14.357)
Asthma 8 (18.2%) <0.001 <0.01 4.345 (1.769–10.672)
Food allergy 3 (6.8%) <0.01 <0.05 7.761 (1.158–52.004)
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with nonimmediate reactions (No. 12–15 and 22–24,  ta-
ble 4 ). It was not positive in any of the control subjects. 
PT positivity was observed in only 1 patient (patient No. 
22,  table 4 ). She had a moderate nonimmediate reaction 
with angioedema of the eyelids, generalized itching and 
maculopapular lesions 24 h after iomeron administration 
and was positive with all concentrations of iomeron test-
ed on the PT. There was no positivity in any of the con-
trols. 

  Accordingly, for the diagnosis of nonimmediate reac-
tion to a CM, the sensitivity of delayed readings of the 
IDTs with the culprit agent was 14.3% (95% CI 0.8–57.9%), 
specificity was 100% (95% CI 87.7–100%), PPV was 100% 
(95% CI 5.5–100%) and NPV was 85.4% (95% CI 70.1–
93.9%). For the PT carried out with the culprit agent, sen-
sitivity was 25% (95% CI 1.3–78.1%), specificity was 100% 
(95% CI 73.2–100%), PPV was 100% (95% CI 5.5–100%) 
and NPV was 82.4% (95% CI 55.8–95.3%) ( fig. 1 ).

Table 4. D etails of skin test results in patients who reacted to the CM used

Pa-
tient 
No.

Age
years

Gen-
der

Reaction type Severity 
degree

Time 
pe-
riod1

Previous 
CM ex-
posure

Comorbid diseases Drug 
allergy

Ato-
py

ESS 
patch

Tested CM C M skin testing

SPT IDT2

(15 min)
IDT3

(72 h)
PT

1 36 F immediate grade 1 7 y – asthma, allergic rhinitis – + nickel + ioxilan4 – – – ND
2 63 M immediate grade 1 37 y + hypertension, venom allergy+ + – ioversal4 – – – ND
3 63 F immediate grade 2 22 y + thyroid disease – – – iohexol4 – – – ND
4 41 F immediate grade 2 2 y + – – + ND iohexol4 – – – ND
5 54 F nonimmediate severe 1 y – hypertension, coronary 

artery disease, diabetes 
mellitus

– – – iohexol4 – – – –

6 52 F nonimmediate moderate 4 y – psychiatric disease, asthma – – – iohexol5 – – – –
7 69 F nonimmediate moderate 4 y + psychiatric disease, 

hypertension, coronary 
artery disease

– – – iohexol5 – – – –

8 51 M immedıate grade 1 2 m + urticaria – – ND iohexol5 – – ND
9 45 F immediate grade 2 3 m – contact dermatitis, asthma – + ND iohexol5 – – – ND

10 65 F immediate grade 1 2 m – hypertension – – ND iohexol5 – – – ND
11 66 F immediate grade 1 2 m + hypertension – – ND iohexol5 – – – ND
12 55 F nonimmediate moderate 3 m + hypertension – – – 1. iohexol5 – – +1:10 –

2. iodixanol4 – – +1:10 –
13 58 F nonimmediate mild 2 m + hypertension, coronary 

artery disease, thyroid 
disease

– NC NC iopromide5 – – – NC

14 34 M nonimmediate moderate 2 m – – – – NC iohexol5 – – – NC
15 18 F nonimmediate moderate 2 m + – – – NC iohexol5 – – – NC
16 55 M immediate grade 2 2 m – coronary artery disease – – ND iopromide5 – +1:10 ND
17 40 M immediate grade 2 2 m – allergic rhinitis – + ND iohexol5 – – – ND
18 69 F immediate grade 1 2 m – asthma – – ND iopromide5 – – – ND
19 42 F immediate grade 1 3 m – asthma – + ND iohexol5 – +1:100 ND
20 25 F immediate grade 2 3 m – asthma – – ND iohexol5 – – – ND
21 63 M immediate grade 2 2 m + hypertension, coronary 

artery disease
– – ND iohexol5 – – – ND

22 75 F nonimmediate moderate 2 m + hypertension, thyroid 
disease, gastrointestinal 
disease

– – – iomeron5 – – – +1:1,000

23 33 F nonimmediate mild 2 m + thyroid disease – – – iohexol5 – – – –
24 52 F nonimmediate mild 2 m – hypertension – – – iodixanol5 – – – –

Fo r positive skin test reactions, the dilution of the CM that elicited the positive response is also shown. ESS = European standard series; y = years; m = 
months; NC = no consent; ND = not done.

1 The time period between the reaction and testing. 2 Early readings of IDTs. 3 Delayed readings of IDTs. 4 Alternative CM. 5 Culprit CM.
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  Discussion 

 In this study, the overall prevalence of hypersensitiv-
ity reactions to CMs, including past reactions, was 3.62%, 
and the current prevalence of hypersensitivity reactions 
to nonionic CMs was 0.72%. The introduction of non-
ionic CMs has been associated with reduced adverse reac-
tions to CM administration  [4, 6, 7–9] . The overall rate of 
adverse reactions to iopromide, a nonionic monomer, was 
reported to be 1.5% in a large-scale surveillance study  [4] . 
Dahlstrom et al.  [28]  reported the rate of adverse reac-
tions to another nonionic monomer, iohexol, to be 0.8%. 
As nonionic CMs, iohexol, iomeprol and iopromide were 
the most common CMs in our study, and our current 
prevalence rate was comparable with the data reported by 
studies with nonionic CMs  [4, 6–9] . However, the past 
prevalence rate was relatively higher than current reac-
tions to CMs during the 1-year study period (2.92 vs. 
0.72%). This may be related to recall bias or the type of 
CMs used at that time. Only 4 of the previous CM reac-
tors recalled the culprit CMs, which were ionic and non-
ionic, and no data were available about the relevant CM 
for the other previous reactors. 

  CM-related severe immediate reactions are extremely 
rare compared to mild reactions  [4, 6, 21] . Studies have 
shown that the rate of severe and mild immediate reac-
tions to high-osmolar ionic CMs ranges from 0.04 to 
0.05% and from 3.8 to 12.7%, respectively  [6, 7, 14] . Simi-
larly, a clear variability ranging from 0.5 to 23% for the 
frequency of nonimmediate reactions has been reported 
 [7, 22] . Heterogeneity with regard to classifications and 
study design makes it difficult to make comparisons be-
tween these studies and highlights the risk of false positiv-
ity. Our prevalence rates for immediate and nonimmedi-
ate reactions to CMs were in agreement with these data. 

  Several risk factors associated with hypersensitivity 
reactions to CMs have been reported. These are both pa-
tient related, such as age, gender, atopy and accompany-
ing atopic or nonatopic diseases, and drug related, such 
as dose, group or route of administration  [4, 6–10, 23] . As 
with findings from these studies, female gender resulted 
in a 2-fold increase in the prevalence of CM hypersensi-
tivity in our study. Other significant risk factors were 
doctor-diagnosed asthma and drug and food allergy. 
Contrary to the common false belief about the connec-
tion between iodine and seafood allergy, there was no 
specific food that was associated with hypersensitivity to 
CMs in our study, but the number of patients with a his-
tory of food allergy was very limited  [24, 25] . The fre-
quency of associated drug allergy with CM hypersensi-
tivity is well known  [8, 10, 13, 26] , as we have observed in 
our study. Doctor-diagnosed psychiatric disorders con-
stituted another prominent risk factor in our study. This 
has not been addressed in the same way in any previous 
studies, but anxiety was reported as a risk factor for CM 
hypersensitivity reaction in one old study  [27] . Postmar-
keting studies reported a significant difference between 
intraarterial and intravenous administration of CMs, 
with higher rates of reactions associated with intraarte-
rial application  [4, 5, 28] . It is difficult for us to comment 
on that issue, because in our study, the majority of CMs 
were administered by the intravenous route. 

  CM-related immediate reactions constitute about 70% 
of cases characterized, from erythema, urticaria and an-
gioedema to anaphylaxis  [14] . Although a number of clin-
ical presentations have been defined as nonimmediate re-
actions, the majority are unrelated with the CM, except 
skin reactions  [22] . The skin represents the site most af-
fected by immediate/nonimmediate reactions, among 
which pruritus, mild urticaria and maculopapular rashes 
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  Fig. 1.  Usefulness of diagnostic tests per-
formed in the study. Positive tests on SPTs 
(n = 54): controls 2/37; immediate reac-
tions 0/10; nonimmediate reactions 0/7. 
Positive tests on early readings of IDTs
(n = 52): controls 3/35; immediate reac-
tions 2/10; nonimmediate reactions 0/7. 
Positive tests on delayed readings of IDTs 
(n = 52): controls 0/35; immediate reac-
tions 0/10; nonimmediate reactions 1/7. 
Positive tests on PTs (n = 18): controls
0/14; nonimmediate reactions 1/4.   
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are the most frequently reported  [14, 20] . In our CM reac-
tors, urticarial rush, erythema and angioedema were 
common in both types of reactions, while maculopapular 
rashes were specific for nonimmediate reactions.

  Some recent data indicated the role of immune mech-
anisms in CM-induced immediate/nonimmediate reac-
tions. Specific IgE measurement, skin tests and lympho-
cyte and basophil activation tests have been performed to 
define the underlying immune mechanism  [2, 12, 13, 19, 
23, 29, 30] . With respect to skin tests with CMs, SPTs and 
early readings of IDTs have been used in the diagnosis of 
immediate-type reactions  [2, 31] . Positive reactions to 
SPTs are rare, but sensitivity to IDTs of up to 25% has 
been reported  [31] . Similarly, in our study SPTs were not 
positive in any patients with an immediate reaction, but 
early readings of IDTs had a sensitivity of 20%, which was 
relatively lower than that demonstrated by Brockow et al. 
 [31] . Although our positivity criteria for SPTs were simi-
lar but different to those for IDTs in that recent study  [31] , 
the 2 patients with 2+ reactions on early readings of IDTs 
also fit the positivity criteria of the current study  [31] . 
Positive reactions on SPTs and IDTs have been associated 
with severe systemic reactions in some cases, although 
not in others  [2, 13, 23, 31] . Our patients with immediate 
reactions had grade 1 and 2 severities, which might have 
contributed to the low level of sensitivity. Specificities of 
IDTs for immediate reactions have ranged from 96.3 to 
97.6%  [31, 32] . Our specificity rates were quite close to 
previously reported rates. With regard to the PPV and 
NPV, both tests had a high probability of false positivity 
but a moderate probability of false negativity.

  Previous studies have demonstrated that up to 60% of 
patients with nonimmediate skin reactions to CMs can 
be diagnosed by delayed readings of IDTs and PTs  [14, 31] . 
Additionally, skin tests are more frequently positive in 
patients with maculopapular eruption than in patients 
with nonimmediate urticarial lesions  [31, 33] . The most 
common skin reaction in our patients with nonimmedi-
ate reactions was maculopapular exanthems, followed by 
urticarial-like skin rashes and angioedema. The sensitiv-
ities of delayed IDTs and PTs were lower than those of a 
recent multicenter study  [31] , but specificity was in accor-
dance with that study. Considering the perfect PPV and 
relatively weak NPV, both tests had a probability of false 
negativity. 

  The role of the time interval between the reaction and 
testing has been reported previously  [2, 31] . In a recent 
multicenter study, up to 50% of immediate reactors and 
up to 47% of nonimmediate reactors had positive skin 
tests if they were tested within 2–6 months of the reac-

tion  [31] . Further, higher positivity rates on skin tests 
have been obtained with the culprit drug  [31] . In line 
with this observation regarding the time interval be-
tween the reaction and skin testing, none of the patients 
in our study with a history of a reaction to a CM more 
than 6 months previously was positive on skin tests, and 
skin test positivity to CMs was observed only among pa-
tients who were tested between 2 and 3 months after the 
reaction and among patients who were tested with cul-
prit agents. 

  The effectiveness of premedication for prevention of 
CM-induced reactions is under discussion  [4, 5, 8, 34] . 
Since the NPV is unknown, it remains unclear whether a 
skin test-negative CM can be safely administered  [31] . Al-
though we premedicated 6 previous reactors, the limited 
number of patients in our study prevents us from drawing 
any conclusion on the preventive effect of premedication. 

 Our study has both disadvantages and advantages. 
The first disadvantage was the retrospective data collec-
tion on previous reactions to CMs. We had to rely on the 
patients’ statements; therefore, there might be a high 
likelihood of recall bias. Secondly, the sample size was 
quite small compared to large-scale, postmarketing 
studies. However, they were all multicenter or interna-
tional studies. Our national, single-center study gave us 
a fairly good idea regarding the incidence of CM-in-
duced hypersensitivity reactions for the first time in our 
country. On the other hand, studies investigating the 
usefulness of skin tests in patients with CM-related al-
lergy-like reactions are mostly limited to case reports 
and there are few well-documented studies  [2, 16, 19, 31] . 
We believe that our study deserves attention since it has 
quite a large number of CM reactors who were all skin 
tested with mostly culprit CMs. All these studies, in-
cluding our own experience, have used a history of hy-
persensitivity reaction to a CM as a gold standard and 
calculated sensitivity as the percentage of positive skin 
tests among these patients. However, it is difficult to be 
certain of skin test sensitivity without a confirmative 
provocation test. One advantage of our study is that we 
had subjects who had been exposed to a CM without re-
acting and healthy subjects who had never been exposed 
to a CM as controls. To the best of our knowledge, only 
a recent European Network of Drug Allergy/European 
Academy of Allergy and Clinical Immunology study 
used such subjects as controls who contributed to estab-
lishing the value of skin tests. We also provide data, for 
the first time, about the PPV and NPV of skin tests, 
which are necessary to consider false negativity and pos-
itivity of the results. 
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  In conclusion, our findings are comparable with the 
data reported previously regarding the incidence and 
profile of CM hypersensitivity and risk factors associated 
with it. Skin testing with CMs has a high specificity, but 
its role in diagnosis is limited by a low sensitivity in mild 
to moderate reactions to CMs.
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