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Iodinated contrast material (ICM) has dramatically  
expanded the clinical use of CT examinations. More 

than 70 million ICM-enhanced CT examinations were 
performed in the United States in 2019, and more than 1 
billion doses of ICM have been administered worldwide to 
date (1). Acute allergic-like reactions are one of the most 
clinically significant adverse effects associated with ICM ad-
ministration, with an aggregate rate of 0.6% (six per 1000 
examinations) occurring among ICM-enhanced CT exam-
inations (2). Notwithstanding this low rate, such reactions 
are observed on a daily basis at large-volume medical cen-
ters and affect health care delivery by introducing delays in  
imaging, adding treatment costs, and, in some cases, caus-
ing significant patient harm.

Patients who have had a previous allergic-like reac-
tion to ICM have an increased risk of a repeat reac-
tion (2). The standard of care for these “high-risk” 
patients is pre-ICM administration of prophylactic cor-
ticosteroids, typically oral methylprednisolone at 12 

hours and 2 hours or prednisone at 13 hours, 7 hours, 
and 1 hour before ICM exposure (2,3). However, 
the efficacy of this pretreatment has been questioned  
because most previous steroid studies have included high-
osmolarity ICMs that are no longer commonly used in 
clinical practice and had a higher rate of acute reactions 
than studies using low- and iso-osmolarity ICMs (4–10) 
and because previous studies have frequently included 
both high-risk and average-risk (ie, no previous ICM reac-
tion) patients. Furthermore, breakthrough repeat reactions 
still occur in patients premedicated with a steroid at a rate 
of 2%–39% (11–13). As such, it is unclear whether steroid 
premedication remains a useful and effective means of pre-
venting repeat allergic-like reactions in high-risk patients.

Recent retrospective studies have suggested that ICM 
substitution (ie, using iohexol in a patient with a previ-
ous reaction to iopromide) may be more effective than 
using steroid pretreatment in preventing repeat reac-
tions (14,15). However, these previous studies did not 
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Study Population
The study population consisted of all adult and pediatric patients 
with a previous allergic-like reaction to ICM who underwent a 
contrast-enhanced CT examination at our institution from June 
1, 2009, to May 9, 2017. Patients who did not provide research 
authorization were excluded.

Identification and Classification of Previous Allergic-like 
Reactions
Patients were identified by searching allergy records and retriev-
ing all patients with a documented allergy to any contrast ma-
terial at the time of their CT examination at our institution. 
The medical records of these patients were manually reviewed 
(by J.S.M.) to confirm the type of contrast material (ie, ICM, 
gadolinium-based contrast material, other contrast material, or 
unknown), to confirm that the reaction was allergic-like, and 
to retrieve the symptoms of the previous reaction. Patients were 
excluded from the study if their previous reaction was caused by 
a gadolinium-based contrast material or could not be confirmed 
to have been caused by ICM (ie, allergy to contrast material), the 
reaction was confirmed to be physiologic (ie, nausea, vomiting, 
flushing, or vasovagal responses) or not allergic-like, or there was 
not enough information about their symptoms to confirm that 
the reaction was allergic-like. The specific ICM that caused the 
reaction was retrieved when documented. Allergic-like reactions 
that were dated previous to 1985—the year that the U.S. Food 
and Drug Administration approved the first low-osmolarity 
ICMs—were classified as reactions to high-osmolarity contrast 
materials. Documented reaction symptoms were used to classify 
the severity of the reaction according to the American College of 
Radiology criteria as follows: (a) a mild reaction was indicated 
by hives, itching, nasal or eye symptoms, and/or throat itching; 
(b) a moderate reaction was indicated by hives resistant to treat-
ment, diffuse erythema, angioedema without dyspnea, and/or 
wheezing or shortness of breath; and (c) a severe reaction was 
indicated by angioedema with dyspnea, laryngeal edema, and/
or anaphylaxis (2).

Identification and Classification of Repeat Allergic-like 
Reactions
One author (J.S.M.) performed a manual review of notes from 
the CT technologist, CT nurse, and radiologist to determine 
whether the patient received steroid premedication before un-
dergoing CT, to determine whether an ICM different from the 
ICM that caused the previous reaction was used in this subse-
quent CT examination, and to identify and classify any repeat 
allergic-like reactions. Patients were placed in the “steroid-pre-
medicated” group if they had an order for two oral doses of 32 
mg of methylprednisolone at 12 and 2 hours before CT (stan-
dard institutional protocol), with or without additional anti-
histamines. Patients who did not take both doses, had an order 
for a different course of steroids (ie, 2 hours before CT only), 
received antihistamines only, or received no premedication 
were placed in the “not-steroid-premedicated” group (Fig 1). 
For a subset analysis, patients who had an order for the above 
other or additional treatments were excluded; only patients 
who had an order for 12- and 2-hour pre-CT methylpred-

exclusively examine the most common premedication regimen 
of 12- and 2-hour pre-ICM steroids. The purpose of this single- 
center retrospective study was to compare the effectiveness of us-
ing ICM substitution with using 12- and 2-hour pre-CT steroid 
premedication for preventing repeat acute allergic-like reactions 
in patients with a previous allergic-like reaction to ICM. We hy-
pothesized that ICM substitution would be more effective than 
steroid premedication.

Materials and Methods

Study Design and Clinical Data Retrieval
The study design and implementation of this retrospective 
study were overseen by our institutional review board and 
conformed to Health Insurance Portability and Accountability 
Act guidelines on patient data integrity. The need for informed 
consent for patients who provided research authorization for 
retrospective research was waived.

All clinical data were extracted from our institutional elec-
tronic medical record system. Clinical data retrievals were 
grouped into three sections—previous reaction data (ie, previ-
ous ICM type, symptoms, and severity), current CT examina-
tion data (ie, premedication and ICM type), and repeat reaction 
data (ie, whether a reaction occurred, symptoms, and severity).  
Retrieval for each section was independently and separately per-
formed by one author (J.S.M., with 10 years of experience). For 
each of the three sections, the reviewer was blinded to data from 
the two other sections while performing the retrieval (ie, the team 
was blinded to current CT examination data and repeat reac-
tion data while retrieving the previous reaction data). Data were 
unblinded, patients were assigned to one of the four treatment 
groups, and analyses were performed only after complete retrieval 
of all three sections for all patients. Standardized electronic forms 
were used for all data retrieval. Two authors (R.J.M. and C.H.H., 
with 13 and 22 years of experience, respectively) not involved in 
the original chart review performed independent blinded data 
retrievals of a random selection of 20% of cases. The overall per-
centages of agreement with the original abstraction were 93% and 
95%, indicating excellent agreement among abstractors.

Abbreviations
ICM = iodinated contrast material, OR = odds ratio

Summary
The study findings do not support the efficacy of steroid premedica-
tion (oral methylprednisolone at 12 and 2 hours) for preventing repeat 
allergic-like reactions in high-risk patients.

Key Results
 n In 1973 patients with a previous allergic-like reaction to iodinated 

contrast material, patients receiving a different contrast material 
had a lower reaction rate than those who received steroid premedi-
cation and the same contrast material (3% vs 19%, respectively; 
odds ratio, 0.14; P , .001).

 n High-risk patients who received the same iodine contrast material 
had a similar rate of experiencing a repeat reaction regardless of 
steroid premedication (steroid premedication, 26% vs no premedi-
cation, 25%; P = .99).
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nisolone were included in the 
steroid-premedicated group, 
and only patients who did not 
receive any premedication were 
included in the not-steroid-
premedicated group (Fig 1). 
Acute reactions were classified 
as mild, moderate, and severe 
according to the American 
College of Radiology criteria 
(2). Physiologic reactions (ie, 
nausea or vomiting, chills, or 
vasovagal response) were not 
included as an outcome.

CT Examination Protocol and 
ICM Administration
Contrast-enhanced CT exami-
nations included in our study 
were performed with the in-
travenous materials iohexol 
(Omnipaque, GE Healthcare), 
iopromide (Ultravist, Bayer 
Healthcare), and iodixanol (Vi-
sipaque, GE Healthcare). The 
choice of ICM was protocol 
specific and patient specific. 
ICM dosing at our institution 
is protocol specific and uses a 
nomogram adjusted for patient 
weight and baseline renal func-
tion. Patients were observed 
during and after their examina-
tion for 30–45 minutes for any 
acute reactions.

Statistical Analyses
Statistical analyses were per-
formed with JMP software 
(version 10, SAS Institute) 
and R software (version 3.6.2, 
R Foundation for Statistical 
Computing) (16). Continu-
ous variables are presented as 
medians and interquartile 
ranges, and categoric vari-
ables are presented as percent-
ages. Differences between the four prophylactic treat-
ment groups were assessed by using the Wilcoxon 
rank-sum test (continuous) or the Pearson x2 test (categoric).  
P  .05 indicated a statistically significant difference.

The primary outcome was binary (ie, yes or no for repeat 
allergic-like reaction) and may have been represented multiple 
times per patient, corresponding to the number of scans obtained 
in each patient. The primary exposure was prophylactic treat-
ment, with four potential levels being defined by the crossing of 
two factors as follows: (a) same ICM with steroid pretreatment 

(reference), (b) same ICM with no steroid pretreatment, (c) dif-
ferent ICM with steroid pretreatment, and (d) different ICM 
with no steroid pretreatment. Examinations for which the pre-
vious reaction to ICM was not documented (n = 2704) were 
excluded from these analyses.

To estimate the unadjusted treatment effects, we initially 
fit a logistic generalized estimating equation for a repeated 
binary outcome and assumed an exchangeable correlation 
structure within each patient. To account for potential con-
founders, we adjusted for the following variables: age, initial 

Figure 1: Flowchart of patient study. CECT = contrast-enhanced CT, GBCA = gadolinium-based contrast agent,  
ICM = iodinated contrast material.
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reaction severity, sex, history of non-ICM allergy and asthma, 
log (body mass index), CT type, and CT location. Repeat 
scans in this cohort presented a complication whereby previ-
ous treatment selection was highly correlated with the subse-
quent treatment, invalidating assumptions of exchangeability. 
To address this, we fit logistic regression models of only the 
first scan per patient using inverse probability of treatment 
weighting with a multinomial propensity score for the four 
interventions to determine how the effects differed. Addi-
tional details are provided in Appendix E1 (online).

Results

Study Population and Previous Reactions
We identified a total of 1973 patients with a previous allergic-
like reaction to an ICM who underwent a total of 4360 sub-
sequent ICM-enhanced CT examinations at our institution  
(Fig 1, Table 1). The specific ICM that caused the previous re-
action could not be determined in 1348 of the 1973 patients 
(68%). Hives, itching, or rash were the most common symp-

toms in previous reactions (1459 of 1973 patients [74%]), which 
were followed in prevalence by wheezing and shortness of breath 
(207 of 1973 patients [11%]) and nasal or eye symptoms (130 
of 1973 patients [7%]). Most previous reactions were classified 
as mild (1487 of 1973 patients [75%]). Sixty-eight of the 1973 
patients (3%) reported severe previous reactions with symptoms 
including anaphylaxis.

Prophylactic Treatments for Subsequent CT Examinations
Patients had an order for a 12- and 2-hour steroid premedica-
tion regimen for almost half of subsequent CT examinations  
(Table 2) (1822 of 4360 examinations [42%]). The likelihood 
of premedication administration increased with the previous 
reaction severity (Table E1 [online]) (mild reaction: 1202 of 
3344 examinations [36%]; moderate reaction: 503 of 865 ex-
aminations [58%]; severe reaction: 117 of 151 examinations 
[77%]). The likelihood of premedication administration was 
also dependent on specific reaction symptoms during previ-
ous examinations, with 1278 of 3250 subsequent examina-
tions (39%) using premedication for patients with previous 
hives and itching, 108 of 324 of subsequent examinations 
(33%) using premedication for patients with previous nose 
or eye symptoms, 59 of 129 subsequent examinations (46%) 
using premedication for patients with previous throat symp-
toms, 71 of 124 of subsequent examinations (57%) using 
premedication for patients with previous diffuse erythema, 
241 of 439 subsequent examinations (55%) using premedica-
tion for patients with previous dyspnea or wheezing, 198 of 
303 of subsequent examinations (65%) using premedication 
for patients with previous angioedema, and 102 of 132 subse-
quent examinations (77%) using premedication for patients 
with previous anaphylaxis.

In 488 of 1656 examinations (29%) in which the previous 
ICM was known, an ICM that differed from the ICM that 
caused the previous reaction was used in the most recent ex-
amination. The likelihood of ICM substitution increased with 
the previous reaction severity (mild reaction: 310 of 1278 ex-
aminations [24%]; moderate reaction: 156 of 348 examina-
tions, [44%]; severe reaction: 22 of 30 examinations [73%]) 
and was similar between patients who were premedicated with 
steroids (166 of 589 patients [28%]) and patients who were 
not premedicated (322 of 1067 patients [30%]). The likeli-
hood of ICM substitution was also dependent on specific re-
action symptoms during previous examinations, with 308 of 
488 subsequent examinations (63%) using a different ICM for 
patients with previous hives and itching, 48 of 222 subsequent 
examinations (22%) using a different ICM for patients with 
previous nose or eye symptoms, 10 of 80 subsequent examina-
tions (13%) using a different ICM for patients with previous 
throat symptoms, 11 of 37 of subsequent examinations (30%) 
using a different ICM for patients with previous diffuse ery-
thema, 93 of 198 subsequent examinations using a different 
ICM for patients with previous dyspnea or wheezing (47%), 
49 of 109 subsequent examinations (45%) using a different 
ICM for patients with previous angioedema, and 22 of 24 sub-
sequent examinations (92%) using a different ICM for patients 
with previous anaphylaxis.

Table 1: Study Population Characteristics

Characteristic Value
No. of patients 1973
No. of CT examinations 4360
Demographic information
 Age (y)* 62 (51–72)
 No. of women 1141 (58)
Previous reaction
 ICM used
  Iohexol 468 (24)
  Iodixanol 24 (1
  Iopromide 18 (1)
  Iopamidol 10 (0)
  Iothalamate meglumine 1 (0)
  Ioversol 1 (0)
  HOCM 105 (5)
  Not provided 1348 (68)
 Reaction severity
  Mild 1487 (75)
  Moderate 407 (21)
  Severe 79 ()
 Symptoms†

  Hives, itching, or rash 1459 (74)
  Nasal or eye symptoms 130 (7)
  Throat symptoms 62 (3)
  Wheezing or shortness of breath 207 (10)
  Diffuse erythema 60 (3)
  Angioedema 148 (8)
  Anaphylaxis 68 (3)

Note.—Except where indicated, data are numbers of patients, 
with percentages in parentheses. HOCM = high-osmolarity 
contrast material, ICM = iodinated contrast material.
* Numbers are medians, with interquartile ranges in parentheses.
† Some patients had multiple symptoms, so numbers add up to 
more than 1973.
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The percentage of patients without an order for steroid pre-
medication increased over the study time frame, whereas the  
percentage of patients who received a different ICM did not  
substantially change (same ICM with no premedication: 33% 
[25 of 75 examinations] in 2009 to 51% [54 of 106 examina-
tions] in 2017; different ICM with no premedication: 13%  
[10 of 75 examinations] in 2009 to 22% [23 of 106 examina-
tions] in 2017; same ICM with premedication: 44% [33 of 75 
examinations] in 2009 to 22% [23 of 106 examinations] in 2017; 
different ICM with premedication: 9.3% [seven of 75 examina-
tions] in 2009 to 5.7% [six of 106 examinations] in 2017) (Fig 2).  
Institutional use of iohexol, iodixanol, and iopromide did not 
change over the study time frame.

Acute Reactions during Subsequent CT Examinations
A total of 280 allergic-like reactions in 4360 examinations (6%) 
in 224 of the 1973 patients (11%) occurred during subsequent 
CT examinations in this cohort (Table 2; Table E2 [online]). 
Repeat reaction rates decreased with the previous reaction sever-

ity (mild reaction: 244 of 3344 examinations [7%]; moderate 
reaction: 34 of 865 [4%]; severe reaction: two of 151 [1%]). 
Most of these subsequent reactions were mild (242 of 4360 
examinations [6%]), with 37 moderate reactions (1% of 4360 
examinations) and one severe reaction (0.02% of 4360 exami-
nations) occurring. When compared with patients’ previous 
reactions, the subsequent reactions most often had the same se-
verity (ie, both previous and subsequent reactions were mild) 
(243 of 280 reactions [87%]), with 18 of the 280 subsequent 
reactions (6%) that were less severe and 19 of the 280 subse-
quent reactions (7%) that were more severe compared with the 
previous reaction occurring. Reaction symptoms were most typi-
cally hives, itching, or rash (n = 211), with a smaller subset of  
reactions involving nasal or eye symptoms (n = 37) or throat 
symptoms (n = 32). The patient who had a repeat reaction that 
was severe had reported a previous mild reaction of rash following 
iodixanol exposure. The patient was premedicated with methyl-
prednisolone and diphenhydramine 2 hours before undergoing 
CT, received a different ICM (iohexol), and subsequently had an 
anaphylactic reaction that resolved after emergency department 
treatment. Among the two patients who had previous severe re-
actions to ICM and a repeat reaction, one had a mild reaction 
consisting of itching (resolved without treatment) and the other 
had a moderate reaction consisting of laryngeal edema (resolved 
after emergency department treatment).

Effect of Prophylactic Treatment on Repeat Allergic-like 
Reaction Rate
In an unadjusted model, patients who received a different 
ICM with or without an order for steroid premedication had 
a significantly lower rate of repeat allergic-like reactions than 
patients who had an order for steroid premedication and the 
same ICM (same ICM and steroid premedication: 80 of 423 
examinations [19%]; different ICM and no steroid premedi-
cation: 10 of 322 examinations [3%], odds ratio [OR], 0.14 
[95% CI: 0.07, 0.27]; P , .001; different ICM and steroid 

Table 2: Subsequent CT Examination and Repeat Reaction 
Details

Parameter Value
No. of CT examinations 4360
ICM used
 Iohexol 4071 (93)
 Iodixanol 158 (4)
 Iopromide 131 (3)
Used ICM different from ICM used at previous 

examination
 Yes 488 (11)
 No 1168 (27)
 Unknown previous ICM 2704 (62)
Steroid premedication 12 hours and  

2 hours before
1822 (42)

Reaction occurred 280 (6)
Severity of reaction
 Mild 242 (86)
 Moderate 37 (13)
 Severe 1 (0)
Symptoms*
 Hives, itching, or rash 211 (75)
 Nasal or eye symptoms 37 (1)
 Throat symptoms 32 (11)
 Diffuse erythema 4 (1)
 Wheezing or shortness of breath 17 (6)
 Angioedema 6 (2)
 Anaphylaxis 1 (0)
Severity of repeat vs previous reaction
 Same 243 (87)
 Better 18 (6)
 Worse 19 (7)

Note.—Except where indicated, data are numbers of patients, 
with percentages in parentheses. ICM = iodinated contrast 
material.
* Some patients had multiple symptoms, so numbers add up to 
more than 280 and percentages add up to more than 100%.

Figure 2: Graph shows percentage of high-risk patients receiving the 
four prophylactic treatments over time. ICM = iodinated contrast material.
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premedication: five of 166 patients [3%]; OR, 0.13 [95% CI: 
0.05, 0.34]; P , .001) (Table 3). This significant difference 
persisted after adjusting for patient age, sex, body mass index, 
history of allergies and asthma, and initial reaction severity and 

the CT type and location (different ICM and no steroid pre-
medication: OR, 0.14 [95% CI: 0.06, 0.33); P , .001; differ-
ent ICM and steroid premedication: OR, 0.12 [95% CI: 0.04, 
0.36; P , .001).

Table 3: Effect of Prophylactic Treatment on Repeat Allergic-like Reaction Rate (Other Premedications Included)

Parameter Reaction Rate Odds Ratio* P Value
Unadjusted model
 Same ICM, steroid premedication (reference) 80/423 (19) … …
 Same ICM, no steroid premedication 111/745 (15) 0.75 (0.55, 1.03) .08
 Different ICM, no steroid premedication 10/322 (3) 0.14 (0.07, 0.27) ,.001
 Different ICM, steroid premedication 5/166 (3) 0.13 (0.05, 0.34) ,.001
Adjusted model (all CT scans)†

 Same ICM, steroid premedication (reference) 80/423 (19) … …
 Same ICM, no steroid premedication 111/745 (15) 0.73 (0.48, 1.09) 0.12
 Different ICM, no steroid premedication 10/322 (3) 0.14 (0.06, 0.33) ,.001
 Different ICM, steroid premedication 5/166 (3) 0.12 (0.04, 0.36) ,.001
Adjusted model (first CT scan only)‡

 Same ICM, steroid premedication (reference) 44/172 (26) … …
 Same ICM, no steroid premedication 73/298 (25) 1.00 (0.64, 1.57) .99
 Different ICM, no steroid premedication 7/117 (6) 0.26 (0.11, 0.64) .003
 Different ICM, steroid premedication 2/65 (3) 0.16 (0.03, 0.72) .017

Note.—Except where indicated, data are numbers of examinations, with percentages in parentheses. Patients who had an order for other 
or additional treatments besides methylprednisolone at 12 hours and 2 hours before CT were included in the analysis (see Materials and 
Methods). ICM = iodinated contrast material.
* Numbers in parentheses are 95% CIs.
† The adjusted model incorporated age, sex, log (body mass index), CT type and location, history of allergy and asthma, and initial reaction 
severity. Previous treatment selection for the preceding scan was also incorporated for the adjusted model (all CT scans).
‡ The first CT scan analysis used inverse probability of treatment weighting with a multinomial propensity score for the four interventions.

Table 4: Effect of Prophylactic Treatment on Repeat Allergic-like Reaction Rate (12-hour and 2-hour Methylprednisolone 
Premedication Only)

Parameter Reaction Rate Odds Ratio* P Value
Unadjusted model
 Same ICM, steroid premedication (reference) 71/371 (19) … …
 Same ICM, no steroid premedication 84/591 (14) 0.70 (0.49, 0.99) .0438
 Different ICM, no steroid premedication 6/276 (2) 0.09 (0.04, 0.22) ,.001
 Different ICM, steroid premedication 5/153 (3) 0.14 (0.06, 0.36) ,.001
Adjusted model (all CT scans)†

 Same ICM, steroid premedication (reference) 71/371 (19) … …
 Same ICM, no steroid premedication 84/591 (14) 0.69 (0.44, 1.07) .10
 Different ICM, no steroid premedication 6/276 (2) 0.10 (0.03, 0.31) ,.001
 Different ICM, steroid premedication 5/153 (3) 0.14 (0.04, 0.44) ,.001
Adjusted model (first CT scan only)‡

 Same ICM, steroid premedication (reference) 44/164 (27) … …
 Same ICM, no steroid premedication 60/243 (25) 0.92 (0.57, 1.47) .92
 Different ICM, no steroid premedication 4/97 (4) 0.19 (0.06, 0.55) .003
 Different ICM, steroid premedication 2/63 (3) 0.12 (0.03, 0.53) .005

Note.— Except where indicated, data are numbers of examinations, with percentages in parentheses. Patients who had an order for other 
or additional treatments besides methylprednisolone at 12 hours and 2 hours before CT were excluded from the analysis (see Materials and 
Methods). ICM = iodinated contrast material.
* Numbers in parentheses are 95% CIs.
† Adjusted model incorporated age, sex, log (body mass index), CT type and location, history of allergy and asthma, and initial reaction 
severity. Previous treatment selection for the preceding scan was also incorporated for the adjusted model (all CT scans).
‡ The first CT scan analysis used inverse probability of treatment weighting with a multinomial propensity score for the four interventions.
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We observed repeated outcome confounding of the treat-
ment selection in our cohort; once a treatment selection was 
made for a patient, it appeared to be highly correlated with 
subsequent treatment selection (Table E3 [online]). To account 
for this, we performed a sensitivity analysis examining only the 
first CT scan per patient (Table E4 [online]). Patients who re-
ceived a different ICM still had a significantly lower rate of 
repeat reactions than patients who received the same ICM and 
had an order for steroids (same ICM and steroid premedica-
tion: 44 of 172 patients [26%]; different ICM and no steroid 
premedication: seven of 117 patients [6%]; OR, 0.26 [95% 
CI: 0.11, 0.64]; P = .003; different ICM and steroid premedi-
cation: two of 65 patients [3%]; OR, 0.16 [95% CI: 0.03, 
0.72]; P = .017) (Table 3). The risk of a repeat reaction in pa-
tients who received the same ICM did not significantly differ 
by whether they had an order for steroid premedication (same 
ICM and no premedication: 73 of 298 patients [25%]; OR, 
1.00 [95% CI: 0.64, 1.57]; P = .99).

Similar results were observed after excluding all examina-
tions for which patients had an order for other or additional pre-
medication besides 12- and 2-hour pre-CT methylprednisolone  
(Table 4; Appendix E1 [online]).

Discussion
In our cohort, repeat allergic-like reactions occurred in 224 of 
1973 patients (11%) who were considered high risk because 
of a documented previous allergic-like reaction to iodinated 
contrast material (ICM). Only 19 of 280 of subsequent reac-
tions (7%) were worse in severity than the previous reaction, 
and only one severe repeat reaction was observed. Patients who 
received a different ICM than the one that caused their previ-
ous allergic-like reaction had a significantly lower rate of re-
peat allergic-like reactions than did patients who had an order 
for steroid premedication and the same ICM (different ICM 
and no steroid premedication: 10 of 322 examinations [3%] 
vs same ICM and steroid premedication: 80 of 423 examina-
tions [19%]; odds ratio [OR], 0.14 [95% CI: 0.06, 0.33]; P 
, .001). Furthermore, there was no difference in the rate of 
repeat reactions between patients who were and were not pre-
medicated with steroids who received the same ICM (steroid 
premedication: 44 of 172 patients (26%) vs no premedication: 
73 of 298 patients [25%]; OR, 1.00 [95% CI: 0.64, 1.57]; P 
= .99). Cumulatively, these findings call into question the ef-
ficacy of steroid premedication consisting of oral methylpred-
nisolone at 12 and 2 hours before ICM exposure for preventing 
repeat allergic-like reactions in these patients.

Previous studies by Abe et al (14) and Park et al (15) also 
found that using an ICM substitution without premedica-
tion was more effective than using premedication and the 
same contrast material. However, there were several limita-
tions with these studies. First, these results may have been  
affected by selection bias, by which patients viewed as being at 
a higher risk of experiencing a repeat reaction may have been 
more likely to receive premedication than patients viewed as 
being at a lower risk. Second, premedicated patients in these 
studies included both patients who received 12- and 2-hour 
pre-CT steroid protocols, typically considered the standard 

for prophylactic treatment, and patients who received 1- to 
2-hour pre-CT steroid protocols or antihistamine-only pro-
tocols that are considered less effective (17). Third, patients 
with previous physiologic reactions (ie, nausea and/or vom-
iting, flushing) were included in these studies, potentially  
confounding the results. A history of physiologic reactions 
does not increase the risk of a repeat allergic-like reaction, 
and steroid pretreatment is not recommended to prevent 
physiologic reactions (2).

Our study expanded on these previous studies in several 
ways. First, our study minimized potential selection bias by in-
corporating variables, including the initial reaction severity; the 
patient age, sex, and history of allergies and asthma; and the CT 
type and location in our adjusted generalized estimating equa-
tion model. Second, only patients with a confirmed previous al-
lergic-like reaction to ICM were included in the study, and only 
allergic-like reactions were included as outcomes. Third, only 
patients who had an order for 12- and 2-hour pre-CT methyl-
prednisolone were included in the premedicated group. Finally, 
our study examined a larger number of patients.

Current practice guidelines and recommendations have ques-
tioned the efficacy of steroid premedication in high-risk patients 
(2,3,18), and various studies have documented the risks asso-
ciated with steroids, including the potentially increased risk of 
infection and transient leukocytosis and hyperglycemia (18–22), 
longer hospitalizations and higher rates of hospital-acquired in-
fections (23), and the potential for a delay in diagnosis because 
of the multihour premedication protocol. The European Soci-
ety of Urogenital Radiology states that “Clinical evidence of the 
effectiveness of premedication [for patients at increased risk of 
reaction] is limited” (3). In 2020, the Joint Task Force on Prac-
tice Parameters of the American Academy of Allergy, Asthma, 
and Immunology and the American College of Allergy, Asthma, 
and Immunology concluded that “Evidence is lacking to sup-
port the role of…glucocorticoid routine premed in patients 
receiving low-osmolar or iso-osmolar ICMs to prevent recur-
rent radiocontrast media anaphylaxis” (24). Both the American  
College of Radiology and the European Society of Urogenital 
Radiology guidelines note that substituting contrast materials 
may help to reduce the risk of repeat reactions in high-risk pa-
tients but acknowledge that current data are limited (2,3). Our 
findings provide additional evidence to strengthen these guide-
lines and recommendations.

We observed that the percentage of high-risk patients who 
were premedicated decreased over the study time frame (54% 
[57 of 105 patients] to 35% [108 of 311 patients]). This de-
crease was primarily driven by relaxed steroid premedication 
guidelines, particularly in patients with mild previous reactions. 
A previous study at our institution (18) found that most pa-
tients with a history of hives who were not premedicated did 
not have a repeat reaction following ICM exposure and that any 
repeat reactions that occurred were similar in severity to the pre-
vious reaction. These findings prompted a departmental practice 
change in 2012 that removed the premedication requirement for 
these patients. Our current study illustrates this practice change; 
steroid premedication decreased in patients with a previous reac-
tion of hives from 50% to 55% in 2009–2011 to 30%–35% in 



Prevention of Allergic-like Reactions at Repeat CT

8 radiology.rsna.org  n  Radiology: Volume 000: Number 0—Month 2021

2012–2017, whereas steroid premedication remained relatively 
unchanged in patients with previous reactions with other symp-
toms (45%–50% from 2009 to 2017).

We could not retrospectively determine the specific ICM that 
caused the previous reaction in the majority of examinations 
(1348 of 1973 patients [68%]) in our cohort. Deng et al (25) 
examined the records of more than 36 000 high-risk patients and 
reported that only 12% of cases documented the specific ICM. 
These findings illustrate the major challenge in effectively imple-
menting ICM substitution in the clinic. Standardized prospec-
tive collection of these data, along with improved and accessible 
medical record systems, will be critical for ICM substitution to 
even have a chance of replacing steroid premedication in these 
high-risk patients (26).

Our study had several other limitations. First, we relied on 
medical record documentation and patient recollection to deter-
mine which ICM caused the previous reaction and the symptoms 
and severity of the previous reactions, which may have introduced 
error into the study. Second, we are unable to assess potential pa-
tient noncompliance with the steroid premedication protocol. 
Third, some of the previous or current acute reactions in this study 
may have been attributable to non-ICM causes. Finally, although 
we attempted to adjust for clinical differences among treatment 
groups, our results may have still been affected by selection bias. 
Additional retrospective studies and prospective randomized con-
trolled trials are needed to further assess the efficacy of ICM sub-
stitution for preventing repeat allergic-like reactions.

In our cohort of high-risk patients, substituting iodinated 
contrast materials (ICMs) without using steroid premedication 
was more effective for preventing repeat allergic-like reactions 
than using 12- and 2-hour pre-CT steroid premedication and 
using the same ICM that caused the previous reaction.

Author contributions: Guarantor of integrity of entire study, J.S.M.; study con-
cepts/study design or data acquisition or data analysis/interpretation, all authors; 
manuscript drafting or manuscript revision for important intellectual content, all 
authors; approval of final version of submitted manuscript, all authors; agrees to 
ensure any questions related to the work are appropriately resolved, all authors; 
literature research, J.S.M., D.E.M., R.J.M.; clinical studies, J.S.M., J.J.S., R.J.M.; 
and manuscript editing, all authors.

Disclosures of Conflicts of Interest: J.S.M. Activities related to the present article: 
is a scientific advisor to GE Healthcare for contrast safety studies independent of 
the submitted study. Activities not related to the present article: is a consultant 
for GE Healthcare; has grants/grants pending with GE Healthcare. Other relation-
ships: disclosed no relevant relationships. N.B.L. disclosed no relevant relationships. 
A.B.K. disclosed no relevant relationships. C.H.H. disclosed no relevant relation-
ships. J.J.S. disclosed no relevant relationships. D.E.M. disclosed no relevant rela-
tionships. R.P.H. disclosed no relevant relationships. D.F.K. Activities related to 
the present article: disclosed no relevant relationships. Activities not related to the 
present article: holds stock/stock options in Superior Medical Experts and Marble-
head Medical. Other relationships: disclosed no relevant relationships. R.J.M. Ac-
tivities related to the present article: disclosed no relevant relationships. Activities 
not related to the present article: has grants/grants pending with GE Healthcare and 
Bracco Diagnostics. Other relationships: disclosed no relevant relationships.

References
 1. 2020 CT market outlook report. IMV website. https://imvinfo.com/product/2020-

ct-market-outlook-report/. Published 2020. Accessed July 15, 2021.
 2. American College of Radiology Committee on Drugs and Contrast Media. ACR 

manual on contrast media. American College of Radiology website. https://www.acr.
org/Clinical-Resources/Contrast-Manual. Published 2021. Accessed July 15, 2021.

 3. ESUR guidelines on contrast media. Version 10.0. European Society of Urogenital 
Radiology website. https://www.esur.org/fileadmin/content/2019/ESUR_Guide-
lines_10.0_Final_Version.pdf. Published 2019. Accessed July 15, 2021.

 4. Bettmann MA, Heeren T, Greenfield A, Goudey C. Adverse events with radio-
graphic contrast agents: results of the SCVIR Contrast Agent Registry. Radiology 
1997;203(3):611–620.

 5. Caro JJ, Trindade E, McGregor M. The risks of death and of severe nonfatal reactions 
with high- vs low-osmolality contrast media: a meta-analysis. AJR Am J Roentgenol 
1991;156(4):825–832.

 6. Cochran ST, Bomyea K, Sayre JW. Trends in adverse events after IV administration 
of contrast media. AJR Am J Roentgenol 2001;176(6):1385–1388.

 7. Cohan RH, Dunnick NR. Intravascular contrast media: adverse reactions. AJR Am 
J Roentgenol 1987;149(4):665–670.

 8. Lasser EC, Lyon SG, Berry CC. Reports on contrast media reactions: analy-
sis of data from reports to the U.S. Food and Drug Administration. Radiology 
1997;203(3):605–610.

 9. Lawrence V, Matthai W, Hartmaier S. Comparative safety of high-osmolality and 
low-osmolality radiographic contrast agents. Report of a multidisciplinary working 
group. Invest Radiol 1992;27(1):2–28.

 10. Wolf GL, Arenson RL, Cross AP. A prospective trial of ionic vs nonionic contrast 
agents in routine clinical practice: comparison of adverse effects. AJR Am J Roent-
genol 1989;152(5):939–944.

 11. Kim YS, Choi YH, Cho YJ, et  al. Incidence of breakthrough reaction in patients 
with prior acute allergic-like reactions to iodinated contrast media according to the 
administration route. Korean J Radiol 2018;19(2):352–357.

 12. Lee SY, Yang MS, Choi YH, et al. Stratified premedication strategy for the preven-
tion of contrast media hypersensitivity in high-risk patients. Ann Allergy Asthma 
Immunol 2017;118(3):339–344.e1.

 13. Walker DT, Davenport MS, McGrath TA, McInnes MDF, Shankar T, Schieda N. 
Breakthrough hypersensitivity reactions to gadolinium-based contrast agents and 
strategies to decrease subsequent reaction rates: a systematic review and meta-analysis.  
Radiology 2020;296(2):312–321.

 14. Abe S, Fukuda H, Tobe K, Ibukuro K. Protective effect against repeat adverse reactions 
to iodinated contrast medium: Premedication vs. changing the contrast medium.  
Eur Radiol 2016;26(7):2148–2154.

 15. Park HJ, Park JW, Yang MS, et al. Re-exposure to low osmolar iodinated contrast 
media in patients with prior moderate-to-severe hypersensitivity reactions: a multi-
centre retrospective cohort study. Eur Radiol 2017;27(7):2886–2893.

 16. R Development Core Team. R: a language and environment for statistical comput-
ing. Vienna, Austria: R Foundation for Statistical Computing, 2019.

 17. Lasser EC, Berry CC, Talner LB, et al. Pretreatment with corticosteroids to alleviate 
reactions to intravenous contrast material. N Engl J Med 1987;317(14):845–849.

 18. Kolbe AB, Hartman RP, Hoskin TL, et al. Premedication of patients for prior urti-
carial reaction to iodinated contrast medium. Abdom Imaging 2014;39(2):432–437.

 19. Davies P, Roberts MB, Roylance J. Acute reactions to urographic contrast media. 
BMJ 1975;2(5968):434–437.

 20. Dunnick NR, Cohan RH. Cost, corticosteroids, and contrast media. AJR Am J 
Roentgenol 1994;162(3):527–529.

 21. Freed KS, Leder RA, Alexander C, DeLong DM, Kliewer MA. Breakthrough ad-
verse reactions to low-osmolar contrast media after steroid premedication. AJR Am J 
Roentgenol 2001;176(6):1389–1392.

 22. Morzycki A, Bhatia A, Murphy KJ. Adverse Reactions to contrast material: a Cana-
dian update. Can Assoc Radiol J 2017;68(2):187–193.

 23. Davenport MS, Mervak BM, Ellis JH, Dillman JR, Dunnick NR, Cohan RH. Indi-
rect cost and harm attributable to oral 13-hour inpatient corticosteroid prophylaxis 
before contrast-enhanced CT. Radiology 2016;279(2):492–501.

 24. Shaker MS, Wallace DV, Golden DBK, et  al. Anaphylaxis: a 2020 practice pa-
rameter update, systematic review, and Grading of Recommendations, Assess-
ment, Development and Evaluation (GRADE) analysis. J Allergy Clin Immunol 
2020;145(4):1082–1123.

 25. Deng F, Li MD, Wong A, et al. Quality of documentation of contrast agent allergies 
in electronic health records. J Am Coll Radiol 2019;16(8):1027–1035.

 26. Böhm IB, van der Molen AJ. Recommendations for standardized documentation of 
contrast medium-induced hypersensitivity. J Am Coll Radiol 2020;17(8):1027–1028.


