
Background: Millions of interventional pain procedures are performed each year in the United 
States. Interventional pain physicians commonly administer radiocontrast media (RCM) under 
fluoroscopy for these procedures. However, RCM can cause various types of hypersensitivity or 
allergic type reactions, in an acute or delayed fashion. Furthermore, some patients report a prior 
history of hypersensitivity reactions to RCM when presenting to the interventional pain clinic. 
Both scenarios present challenges to the interventional pain physician.

Objective: To describe the various types of hypersensitivity reactions to RCM, as well as strategies 
to prevent and manage these reactions, within the context of interventional pain practice.

Method: A review of the literature from 1975 through 2011 regarding allergic type reactions to 
RCM, as well as iodine, and shellfish allergy, was undertaken in an effort to review and develop 
recommendations on managing these patients presenting to the interventional pain clinic.  
Keywords used in the literature search were: radiocontrast media, contrast allergy, contrast 
reaction, iodine allergy, shellfish allergy, and fluoroscopy.  The included articles were concerned 
with the basic or clinical science of contrast allergy, including the physiology, epidemiology, 
diagnosis, and management of such reactions. Meta-analysis, review articles, and case reports 
addressing contrast media reactions were also included.  Articles which discussed contrast media 
reactions in a peripheral fashion were excluded.

Results: In reviewing the literature, it is apparent that the mechanisms and pathophysiology of 
RCM hypersensitivity reactions are still being characterized, which should soon lead to improved 
screenings, as well as prevention and treatment strategies. Many common themes are described 
throughout the literature regarding patient risk factors, testing, prevention, diagnosis, and 
treatment of RCM allergic-type reactions. 

Limitations: The current review did not perform a meta-analysis of the available data, as most 
of the available articles were trials that were randomly controlled. Therefore, the conclusions of 
the present article are general, and qualitative in nature.

Conclusion: Although the mechanisms of various RCM allergic-type reactions are not entirely 
understood, the interventional pain physician should have a basic understanding of patient risk 
factors, prevention, diagnosis, and treatment of these reactions. The current review allowed for 
prevention and treatment strategies for managing patients with RCM hypersensitivity reactions.

Key words: Radiocontrast media, contrast allergy, contrast reaction, iodine allergy, shellfish, 
allergy, fluoroscopy, interventional spine practice
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Methodology

A comprehensive literature search covering 1975 
through 2011 was performed. Included in the search 
were PubMed and OVID databases, as well as Co-
chrane reviews. Bibliographies from key primary and 
review papers were also cross-referenced for additional 
sources. Lastly, peer-reviewed, unindexed journals were 
searched. The keywords used for our search included: 
radiocontrast media, contrast allergy, contrast reaction, 
iodine allergy, shellfish allergy, and fluoroscopy.  

 The included articles’ primary aim was to study 
the basic or clinical science of contrast media allergy, 
including the physiology, epidemiology, diagnosis, and 
management of such reactions. Meta-analysis, review 
articles, and case reports addressing contrast media 
reactions were also included. Articles which discussed 
contrast media reactions in a peripheral or tangential 
fashion, rather than as its primary concern or focus, 
were excluded.

Background 
Since the introduction of RCM in the 1920s, the 

chemical structure, ionicity, osmolality, and total iodine 
content have been considered key variables in their 
clinical use and development. Currently, RCM can be 
divided into ionic monomers, ionic dimers, nonionic 
monomers and nonionic dimers (21). These properties 
affect the imaging quality and side effects associated 
with each agent. Table 1 describes these properties. So-
dium iodide, used during the 1920s, was one of the first 
iodinated contrast media used for radiological imag-
ing. One common RCM for studying neural structures 
at that time was called Lipiodol—a solution of 40% so-

Over 75 million doses of radiocontrast media 
(RCM) are administered annually to patients 
worldwide (1). Despite the seemingly low risk, 

one can extrapolate that a fair number of hypersensitivity 
reactions to RCM will be observed. In addition, the field 
of interventional pain management has grown rapidly. 
For example, in 2005, 4 million interventional pain 
procedures were performed on Medicare patients; the 
vast majority of these procedures utilized fluoroscopy 
for guiding injections (2-7). Frequently, RCM is employed 
to facilitate visualization of the spread of medications 
during pain procedures. Contrast media is helpful for 
the identification of spread within neural structures and 
the epidural space, and are helpful for thedetection of 
inadvertent intravascular injection. 

The incidence of severe hypersensitivity reactions 
to intravascular administration of contrast media is 
rare (8,9), with a rate of about 0.03%-0.16%. However, 
when applied to the millions of patients each year who 
undergo interventional pain procedures, this leaves a 
significant number of patients at risk. 

The vast majority of these reactions are described 
as “anaphylactoid” in nature. However, most reactions 
are non-immunoglobulin E (IgE) mediated (8-20). In ad-
dition, true anaphylaxis does not necessarily have to in-
volve IgE antibodies. The interventional pain specialist 
should have an understanding of the types of contrast 
media available and general guidelines regarding pro-
phylaxis and treatment of RCM reactions. The purpose 
of this review article is to give the interventional pain 
physician a review of the epidemiology, pathophysiol-
ogy, prevention, and treatment of allergic reactions to 
RCM. 

Table 1. Characteristics and properties of  commonly used contrast agents 

Name Ionicity/Form Type
Iodine Concentration 

(mg/mL)
Osmolality 

(mOsm/kg H2O)
Iodixanol Non-Ionic Dimer IOCM 320 290

Iomeprol* Non-Ionic Monomer LOCM 350 620

Ioxaglate Ionic Dimer LOCM 350 680

Ioxilan Non-Ionic Monomer LOCM 350 695

Iopamidol Non-Ionic Monomer LOCM 350 730

Iopromide Non-Ionic Monomer LOCM 350 730

Iohexol Non-Ionic Monomer LOCM 350 780

Ioversol Non-Ionic Monomer LOCM 350 790

Abbreviations: IOCM, iso-osmolar contrast medium; LOCM, low osmolar contrast medium
* Not approved in the United States
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dium iodide suspended in the oil of poppy seeds (22). 
The benefit to toxicity profile of 40% sodium iodide is 
low, as this material does not yield high quality images. 
It is very insoluble, and side effects include severe lo-
cal irritation; nausea and vomiting; arthralgias; lymph 
node swelling and tenderness; and hives. In 1927, a case 
report described the use of a more soluble 20% sodium 
iodide solution for diagnosing a brain abscess, which 
was well tolerated by the patient (22). 

In the 1950s, diatrizoic acid salts with sodium, cal-
cium, or methylglucamine were being used as contrast 
agents. The osmolality of these salts were > 1700 mOsm, 
5-8 times that of blood. These are referred to as high 
osmolar contrast media (HOCM), and are also ionic in 
nature. The ratio of iodine to particle was 3:2 and dis-
sociation of iodine from particle readily occurred (23). 
Hypotension, cardiac arrhythmias, and fluid overload 
are common with their use (23). Low osmolar contrast 
media (LOCM) were developed in the 1970s to avoid 
the above listed toxic affects. These newer agents had 
an osmolality of < 850 mOsm. The iodine to particle ra-
tio was 3:1 and the rate of iodine dissociation was de-
creased. These RCM were made from benzoic acid side 
chains and amides, imparting them with nonionic prop-
erties (3). Despite these improvements over the older 
agents, adverse reactions still occurred, including nau-
sea, angina, and anaphylaxis (23). 

The 1980s brought about newer, safer agents. 
Monoacid dimers with 2 benzoic rings containing iodine 
atoms at positions 2, 4, and 6 were bound to form non-
ionic compounds. This allowed for 6 iodine atoms per 
molecule, of which only 2 particles dissociated, allowing 
for the favorable 3:1 iodine to particle ratio as described 
above, thus maintaining low osmolar properties (23), 
less lipophilicity, and less toxicity (21). 

In 1996, the first and only currently FDA-approved 
iso-osmolar radiocontrast media was introduced—io-
dixanol. The iodine content of this agent is 300 mg/mL, 
and, as the name implies, its osmolarity nearly matches 
blood osmolarity (23). 

Today, the iodine content of most agents is 250-350 
mg of iodine per mL. Modern RCM are nonionic, they 
contain hydroxyl and amide functional groups, allow-
ing for fewer arrhythmias and cell membrane electri-
cal disturbances (21). However, with the development 
of improved imaging and digital technology, reductions 
in contrast media iodine content have still allowed for 
high quality radiographs, with less RCM required per 
image (23). 

Epidemiology 

A number of studies have tried to estimate the in-
cidence of hypersensitivity reactions to both ionic and 
nonionic contrast materials. HOCM are associated with 
a 15% risk of any toxic reaction, while LOCM are as-
sociated with a risk of 3% for any reaction (21). The 
incidence of any reaction to ionic radiocontrast media 
is estimated to be between 0.6%-12.66% (24,25). For 
nonionic materials, the risk for any reaction ranges 
from 0.3%-3% (24). The risk for a severe hypersensi-
tivity reaction is 0.16% with ionic contrast materials 
and 0.03% with nonionic contrast materials (8). The 
mortality rate is one to 3 per 100,000 contrast media 
administrations and does not differ for either ionic or 
nonionic agents (8). Other estimates of fatal reactions 
range from 1:170,000 (21) to 0.05%-0.1% (23). A recent 
study found that children were at lower risk, with only 
one severe reaction among 819 children given ioversol 
for computerized tomography (CT) scans (26). 

In a recent retrospective study of 84,928 patients 
given RCM for CT imaging, 0.6% suffered an allergic-
type reaction (24). Of these 545 allergic reactions, 77% 
were mild, 21% moderate, and 2% were severe (24). 

Nonimmediate or delayed allergic type reactions 
may occur days after contrast medium has been admin-
istered. The estimated prevalence is about 2%-8% (21), 
and may happen more commonly in patients receiving 
interleukin-2 therapy and with the use of nonionic di-
mer RCM (21). These reactions are generally mild, and 
mainly involve the skin, although these too may rarely 
be severe to life threatening (27). 

In recent years, the incidence of hypersensitivity 
reactions has decreased, as RCM have evolved from 
ionic, high-osmolality to nonionic, low-osmolality me-
dia. However, the expense of the LOCM agents may 
limit their universal use (28). 

In our review of the literature, the available data 
constitute the best estimates of RCM reactions rates by 
subtype. To our knowledge, there have been no studies 
further describing the reaction rates by reaction type. 
This information would be useful to practitioners and 
we hope future studies will be conducted in this area.  

Risk Factors for Hypersensitivity Reactions to 
RCM 

Risk factors for contrast media reactions include, 
but are not limited to, previous reactions to either ion-
ic or nonionic contrast media (6-fold increase), asthma 
(5-10 fold increase), history of multiple allergies (1.5-3 
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fold increase female gender (29), drug allergy (30) and 
patients taking interleukin-2 (9,10,29,31-33). Aspirin, 
and other nonsteroidal anti-inflammatory drugs may 
also increase the risk (21). Beta blockers do not impart 
a direct risk, but they may hinder treating hypersensi-
tivity reactions with epinephrine, as epinephrine’s ef-
fect will be antagonized. In addition, the presence of 
cardiovascular disease and concurrent treatment with 
a beta blocker is associated with a more serious reac-
tion (34). 

The Cardarelli Hospital Radiocontrast Media and 
Anesthetic-Induced Anaphylaxis Prevention (CHRAIAP) 
Working Group proposes a scale for triaging the risk 
factors for severe allergic reactions to RCM (Table 2) 
(35). Its scale may be useful to the interventional pain 
physician who is presented with a patient possessing 
risk factors for developing hypersensitivity reactions to 
RCM. This scale, although useful, is qualitative in na-
ture. Future scales based upon this, perhaps utilizing a 
point system to produce a score for each patient, would 
be a useful tool for interventional pain physicians.  

Shellfish allergy is related to an IgE antibody spe-
cific for a particular tropomyosin-like protein in shell-
fish. This has been shown by skin-prick testing studies 
in patients with seafood allergy (36). Any patient who 
claims a shellfish allergy should be questioned further 
to delineate a true allergy from mere food intolerance, 
as many patients do not distinguish between them. 
Food intolerances may not be of concern to the pain 
physician in terms of reactions to RCM, however a true 
shellfish allergy may be of concern. This is because pa-
tients with shellfish allergies have a 1.5-fold to 3-fold 
increased chance for experiencing a hypersensitivity 
reaction to RCM, the same risk as those with multiple 
Iodine is an element and trace mineral, which when ab-

sorbed by the gut, is converted to iodide and utilized 
for thyroid hormone production. It is a simple atom, 
and is not complex enough at the molecular level to 
serve as an antigen (36). It is feasible that iodide could 
act as a hapten by binding to other proteins, and thus 
induce a delayed-type hypersensitivity reaction (31). A 
recent study found that during protein iodination, io-
dinated tyrosine groups acted as an antigen in a guinea 
pig model of iodine allergy (37). However, iodine, in 
and of itself, is thought to be too small, molecularly, to 
elicit an antigen-antibody response. 

It is a common misconception that “iodine aller-
gy” is associated with shellfish allergy. However, how 
should patients be managed when they report a history 
of an iodine and/or shellfish allergy? Based on previous 
studies on food allergy and reactions to RCM, patients 
should be advised that their risk is no different from 
any other patient who reports a history of multiple 
allergies, imparting a 1.5-fold to 3-fold increased risk 
Interestingly, in a recent study of 601 patients undergo-
ing an endoscopic retrograde cholangiopancreatogram 
utilizing oral ionic HOCM, 80 of whom had prior docu-
mented reactions to RCM and 49 who claimed shellfish 
allergy, none experienced a hypersensitivity reaction. In 
addition, these patients had not received any pretreat-
ments to prevent an allergic reaction (38). 

Pathophysiology 
A number of similar hypersensitivity reactions to 

RCM may be experienced by the patient. The exact 
mechanisms of most adverse reactions to RCM are un-
known and are under active investigation. Most seem 
to employ direct mast cell and basophil activation, and 
involve the release of a number of vasoactive mediators 
(35). IgE is not thought to play a role in the majority of 
RCM reactions, and therefore the reactions cannot be 
classified as IgE mediated anaphylaxis. It is more likely 
for a patient to experience a non-IgE mediated anaphy-
lactic reaction, albeit this is also not common. 

Chemotoxic reactions to RCM have been described. 
As RCM increase in hydrophobicity, toxicity increases. 
These substances are more likely to precipitate a cas-
cade of events which are detrimental to the patient, 
such as “releasing vasoactive substances, complement 
activation, fibrinolysis, inhibition of platelet aggrega-
tion, direct neurotoxicity, decreased myocardial con-
tractility and conduction” (21). These reactions are of-
ten dose-related. 

As the osmolarity of the RCM rises, so does the 
risk of injection pain, increased vagal tone, nausea 

Table 2. *CHRAIAP Risk stratification of  the major factors 
for anaphylaxis to RCM 

History of a previous reaction to a contrast medium
History of allergy/atopy
Mastocytosis (especially if systemic)
Contrast medium dose required
History of cardiac or metabolic disease
Injection route
-intravenous versus intra-arterial
-rate of infusion of the medium
Female gender
Age
Anxiety

*These CHRAIAP risk factors are listed in descending order of risk 
for anaphylactic reaction.
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and vomiting, and decreased systemic vascular resis-
tance (21). These are known as osmotoxic reactions. 
Hypotension, bradycardia, loss of consciousness, and 
ventricular arrhythmias may result from the increased 
vagal tone and/or from a chemotoxicity overlaying the 
osmotoxicity. 

Idiosyncratic reactions occur within close tempo-
ral proximity of the injection, and are not anaphylaxis, 
despite clinical similarity. Often these are independent 
of prior exposure. Symptoms are the result of release 
and activation of complement, cytokines, serotonin, 
prostaglandins, kinins, etc. (21). These reactions are of-
ten mistaken for allergic reactions, but are much more 
common. Coakley and Panieck (36) suggested renaming 
this type of reaction an “anaphylactoid, allergy-like, or 
pseudoallergy,” to help avoid confusion to the patient 
and care provider. These reactions can be severe and 
life-threatening. 

IgE-mediated anaphylaxis is another life-threaten-
ing allergic-type reaction in which RCM binds to IgE an-
tibodies, thereby activating mast cells and basophils to 
release massive amounts of histamine and other vaso-
active substances, leading to bronchospasm and shock. 
These are more likely to be predictable, and involve 
prior exposure. Iodide exposure, in the form of RCM, 
iodinates proteins, which in turn may cause an anti-
body-mediated reaction, as was seen in an experimen-
tal guinea pig model for studying iodine allergy (37). 
More recent research has described positive skin tests 
with cross reactivity to similar RCM in patients who re-
port an RCM allergy (39). T-cell cross-reactivity between 
various RCM has also been described in 2 patients with 
delayed hypersensitity reactions (1). In these studies, 
cross-reactivity between RCM were observed in vary-
ing degrees. Skin testing is sometimes used to help in 
the identification of IgE-mediated reactions, however, 
it cannot reliably predict the severity of reactions, nor 
identify patients who may have non-IgE reactions. 

Acute versus Delayed Reactions 
Most adverse reactions to RCM present acutely, 

within one hour of administration. More specifically, the 
estimated prevalence of delayed type reactions is 2%-
8% of all RCM reaction types. However, some patients 
will develop delayed type reactions, which may occur up 
to one week later. Delayed type reactions usually involve 
fever, pruritus, urticaria, angioedema, flushing, nausea, 
arthralgias, or mild maculopapular exanthemas. More 
severe delayed type reactions have been described, in-
cluding bullous rashes, erythema multiforme, cutaneous 

vasculitis, toxic epidermal necrolysis, Stevens-Johnson 
syndrome, and systemic eosinophilia (1,22). However, 
these severe delayed reactions are very rare. A T-cell me-
diated mechanism, involving CD4+ and CD8+ lympho-
cytes, is thought to be the pathophysiological basis of 
delayed adverse reactions (1). These T-cells also demon-
strate cross-reactivity to similar RCM (1). 

Symptoms/Clinical Manifestations 
The symptoms and clinical manifestations vary de-

pending on the type of reaction. Table 3 and Table 4 
contain a summary of signs and symptoms of various 
RCM allergic type reactions. 

Differential Diagnosis 
During fluoroscopic interventional pain proce-

dures, the patient may be exposed to other agents 
which could induce an allergic reaction. Latex, local an-
esthetics, adhesive tape, topical skin antiseptic agents, 
methylcarboxycellulose (a preservative in some steroid 
preparations) and antibiotics are a few examples. Iden-
tifying which agent was responsible for a reaction is dif-
ficult to determine and often requires the patient to 
undergo subsequent allergy testing. 

Prevention 
For patients that are at high risk of hypersensitivity 

reactions, effective pretreatment guidelines have been 
developed (28). Numerous pretreatment prophylactic 
regimens have been studied with slight variation. Al-
most all include a corticosteroid to target the inflam-
matory response, and a histamine-1 (H1)-antagonist 
to blunt the effects of histamine. In some clinical tri-
als, ephedrine was added for bronchodilation, and ci-
metidine for its antagonism at the histamine-2-receptor 
(40). 

Clinical trials have shown the combination of pred-
nisone and diphenhydramine to be the most beneficial 
in preventing anaphylactoid reactions to RCM (30). Ad-
verse reactions decreased from a range of 17%-35% 
to a range of 5%-10% when corticosteroids were com-
bined with an H1 blocker (41,42). 

There are many review articles, meta-analyses, and 
small studies that discuss the topic of pretreatment 
and prophylaxis. However, few were highly powered, 
prospective studies. Two such high quality studies were 
conducted in the 1980s. In the first study (41), 857 
doses of RCM were administered to 743 patients with 
known prior RCM anaphylactoid reactions. Patients re-
ceived either 1) prednisone and diphenhydramine, 2) 



Pain Physician: September/October 2012; 15:E665-E675

E670 	 www.painphysicianjournal.com

prednisone, diphenhydramine, and ephedrine, or 3) 
prednisone, diphenhydramine, ephedrine, and cimeti-
dine. They observed the fewest reactions when patients 
were treated with the prednisone, diphenhydramine, 
and ephedrine regimen. They also speculated if the 
use of cimetidine somehow negatively contributed to 
the patients’ experience with RCM during their trial. 
The second study (43) was a prospective, randomized 
trial including 6,763 patients exposed to RCM. These 
patients received either 32 mg of oral methylpredniso-

lone at 12 and 2 hours prior to exposure, 32 mg of oral 
methylprednisolone at least 2 hours prior to exposure, 
or placebo. The authors observed a significant decrease 
in contrast medium-induced hypersensitivity reactions, 
with the exception being the formation of hives, when 
the 2-dose regimen was provided.  

Therefore, the following premedication protocols 
have been recommended for use in patients with a his-
tory of idiosyncratic reactions: methylprednisolone, one 
32 mg tablet at 12 hours, and 2 hours before exposure 

Table 3. Common Symptoms and Clinical Manifestations of  Various Reactions to RCM

Chemotoxicity [18]

Nausea and Vomiting

Flushing

Injection Site Pain

Nephrotoxicity

Osmotoxicity

Injection Site Pain

Hypotension

Bradycardia

Loss of Consciousness

Pulmonary edema [16]

Ventricular Arrythmias

Other signs of increased Vagal Tone

Iodism

Swelling: Parotid, Sublingual, Submandibular, Lacrimal glands 
(aka-iodide mumps)

Skin Rashes

Coryza

Thyrotoxicosis [16]

Delayed type Reaction- Occur within 1 hour to 1 week from 
RCM exposure

Fever

Pruritis

Uticaria

Angio-edema

Flushing

Nausea

Arthralgia

Mild Maculopapular Exanthemas

Other non-specific Cutaneous Findings

Idiosyncratic Reaction -Can be lethal, clinically similar to 
allergy / anaphylaxis; -Often categorized into mild, moderate, or 
severe reaction

Tacchycardia

Hypotension

Tongue Swelling

Rhinitis

Wheezing

Laryngeal Edema

Bronchospasm

Shortness of Breath

Dyspnea

Palpitations

Hives

Angina

Anaphylaxis- May be independent of  prior exposure or 
presence of  IgE antibodies. Usually occurs within minutes.

Tacchycardia

Hypotension

Oxygen De-saturation on Pulse Oximetry

Tongue Swelling

Rhinitis

Wheezing

Laryngeal Edema

Bronchospasm

Shortness of Breath

Dyspnea

Palpitations

Hives

Angina

Shock

Cardiopulmonary Arrest

Death



www.painphysicianjournal.com 	 E671

Radiocontrast Media Reactions and Interventional Pain Practice

(38)], or prednisone, one 50 mg tablet at 13 hours, 7 
hours, and one hour before exposure (45). If the pre-
vious reaction was moderate or severe, or included a 
respiratory component, the physician may add the fol-
lowing: an H1 blocker, such as diphenhydramine, one 
50 mg tablet one hour before the study, and an option-
al H2 blocker, such as cimetidine, one 300 mg tablet one 
hour prior to the study, or ranitidine, one 150 mg tablet 
one hour before the exposure (46). Using an H2 blocker 
without also using an H1 blocker is not recommended. 
Table 5 contains more information on prevention. 

Recommendations for high-risk patients who must 
receive RCM also includes the use of iso-osmolar agents, 
pretreatment with a corticosteroid and an H1-antago-
nist, discontinuation of any beta blockers, and bedside 

availability of appropriate medications and equipment 
to treat potentially serious hypersensitivity reactions 
(30). Periodic reviews and updates of specific treatment 
plans for various reactions with the physicians and staff 
who use contrast media are very important to ensure 
optimal preparedness (3). For example, 2 recent large 
literature reviews regarding pretreatment strategies 
for patients who claim RCM allergy yielded some inter-
esting findings. They suggested that pretreatment has 
not undergone rigorous scientific study (27,47). They 
also noted in their investigation that the evidence in 
this area is of a relatively low grade. 

Treatment of Anaphylactoid Reaction 
All interventional pain physicians should be up-to-

Table 4.  RCM Properties and Reaction Profiles  

Contrast Properties           

-Osmolality (mOsm/kg H2O):  High >1700, Low < 850, Iso = 290.  High osmolality causes fluid overload, arrhythmias, angina, hypotension, 
decreased vascular tone, increased vagal tone

-Particle Ratio:  3:2 leads to higher osmolality and more dissociation, where 3:1 allows for lower osmolality and less dissociation                              

-Iodine Content (mg/mL):  Low < 250, High > 350 

-Ionicity:  Non ionic agents contain amides, hydroxyl and/or benzoic acid chains.  Ionic agents contain diatrizoic acid salts with sodium, 
calcium or methylglucamine.  Ionic agents cause more arrhythmias, angina, hypotension 

-H2O Solubility:  Insoluble agents cause local irritation, nausea, hives, arthralgias, arrhythmias, angina.  Agents with a 3:1 ratio are more H2O 
soluble and less toxic                              

Reaction Types          

-Anaphylactic:  +/- IgE presence, +/- prior exposure, +/- antigen cross reactivity.  RCM may also directly stimulates immune cells. 
Theoretically possible that high iodine content can lead to anaphylaxis via systemic protein iodination and antibody formation [31,32]

-Idiosyncratic:  No prior exposure, involves cellular release of inflammatory mediators. Theoretically possible that high iodine content can lead 
idiosyncratic reactions via systemic protein iodination and antibody formation [31,32], +/- antigen cross reactivity

-Delayed:  Often superficial/cutaneous, usually with non-ionic agents. Theoretically possible that high iodine content can lead to delayed 
reaction via systemic protein iodination and antibody formation [31,32], +/- antigen cross reactivity, entails cellular release of inflammatory 
substances 

-Hypersensitivity:  Typically with ionic, high osmolar agents

-Chemotoxicity: Low H2O solubility, highly osmolar, high iodine content 

-Osmotoxicity : Similar to chemotoxicity 

-Iodism: High iodine content, 3:2 particle ratio

-Arrhythmias: Linked with cellular membrane disturbances from ionicity and low solubility 

Table 5. Premedication Protocol

Methylprednisolone 32mg orally, 12 and 2 hours prior to procedure 

Prednisone 50mg orally 13, 7, 1 hour(s) prior to procedure

Benadryl 50mg orally 1 hour prior to procedure

Zantac 150mg orally 1 hour prior to procedure

If there is less then 13 hours (i.e. emergency procedure in high risk patient) then use 100mg IV hydrocortisone and 50mg Benadryl IV prior to 
procedure. If more than 2 hours elapses then repeat both medications. Zantac 50mg IV can be added.
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date with Advanced Cardiovascular Life Support (ACLS) 
guidelines should a serious adverse reaction occur. They 
should have easy access to emergency equipment, in-
cluding a defibrillator, means to secure intravenous 
access, supplemental oxygen, emergency airway equip-
ment, and cardiovascular drugs. In patients who de-
velop bronchospasm, syncope, hypotension, laryngeal 
edema, or severe angioedema, oxygen and epinephrine 
should be administered immediately (0.3 mg subcuta-
neously every 15 to 20 minutes). Patients with broncho-
spasm should be given 50 mg of hydrocortisone or 10-
20 mg of methylprednisolone as soon as possible. Even 
higher doses of steroid may be required if a life threat-
ening anaphylactoid reaction is observed.  

Gadolinium
Gadolinium, a noniodinated contrast medium, 

has been used successfully as an alternative for lum-
bar discography under fluoroscopy in patients with io-
dine contrast allergy (48). However, the high cost and 
limited availability of gadolinium has prohibited its 
widespread use. The use of gadolinium as an alternate 
contrast medium in many other imaging procedures 
has been reported in the literature (48-58). A recent 
study showed an adverse reaction rate of 0.06% with 
intravenous gadolinium (48,59). Severe, life-threaten-
ing allergic reactions to intravenous gadolinium have 
a reported frequency of 0.0003%-0.01% in the litera-
ture (48,54,60,61). Unfortunately, gadolinium has been 
noted to be less radiopaque during fluoroscopy when 
compared with iodinated contrast media (48). 

Education and Simulation 
Pain medicine fellows, as well as residents in anes-

thesiology, physical medicine and rehabilitation , radi-
ology, neurology, and other fields which utilize RCM, 
need training on not only the technique of fluoros-
copy, but also how to effectively recognize and man-
age adverse reactions to RCM. Recent advances in high 
fidelity simulation have allowed trainees to learn to 
manage rare, critical events in a controlled setting. 
Gaca et al (26) recently studied the use of high fidelity 
simulation to assess radiology resident preparedness 
for managing adverse reactions to RCM, and found 
simulation to be a valuable teaching tool. Recogniz-
ing that RCM has the potential for adverse reactions, 
and as medical simulation continues to expand, we 
anticipate simulation becoming an important tool to 
prepare interventional pain trainees to diagnose and 
treat adverse events. 

Discussion

The incidence of severe hypersensitivity reactions 
to RCM is rare. However, millions of patients each year 
are exposed to doses of RCM. Therefore, a significant 
number of patients may experience an allergic-like 
reaction to contrast medium. A number of different 
types of hypersensitivity reactions have been described 
in association with RCM, including acute and delayed 
reactions, as well as chemotoxic, osmotoxic, iodism, id-
iosyncratic, and anaphylactic reactions. Each has its own 
underlying mechanism, as well as prevention and treat-
ment modalities. Fortunately, the recent incidence of 
hypersensitivity reactions has decreased, as safer RCM 
have been developed. Still, the interventional pain phy-
sician may encounter patients who claim allergies to 
RCM, as well as iodine or shellfish. The pain physician 
should advise patients with shellfish or iodine allergy 
that they are at a similar risk of allergic reaction when 
compared with patients who claim a history of multiple 
food or drug allergies, imparting a 1.5-fold to 3-fold in-
creased risk (44). Other populations of patients who are 
at higher risk of hypersensitivity to RCM include those 
with a documented previous reaction to RCM, result-
ing in a 6-fold increase, or a history of asthma, leaving 
them with a 5-fold to 10-fold increase. 

For spinal procedures, contrast media are used to 
ensure adequate medication delivery to areas of pa-
thology, as well as rule out intravascular spread, with 
the failure to do so resulting in rare, but devastating 
outcomes. Even without intravascular needle place-
ment as seen by fluoroscopy, systemic uptake will occur. 
Therefore, adverse reactions to contrast media may be 
seen clinically. The various types of reactions, including 
their mechanism, recognition, prevention, and treat-
ment, have been discussed in this review. 

Recent basic science research has expanded our 
understanding of the underlying mechanisms of al-
lergic type reactions to RCM, which will soon allow for 
the development of novel screenings, preventive, and 
treatment modalities. In current practice, however, for 
patients that are deemed high-risk, there are alterna-
tives to conventionally used RCM. First, the avoidance of 
contrast medium is recommended, if possible. For exam-
ple, in the performance of lumbar sympathetic blockade 
(LSB), a technique using loss-of-resistance to air to find 
the retroperitoneal space and generate an “aerogram,” 
visible under fluoroscopy, has been described (60-65). 
However, in a recent study, needle placement during LSB 
was frequently noted to be with the psoas muscle or in-
travascular, thereby justifying the use of RCM (66) during 
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this procedure. Again, the risks-benefit ratio of proper 
needle placement to RCM reactions must be weighed 
and discussed in detail with the patient.

In patients where the administration of contrast 
medium is necessary, consider using noniodinated con-
trast medium, such as gadolinium, or a pretreatment 
protocol with corticosteroids. If radiocontrast media 
must be used in high risk patients, then iso-osmolar 
non-ionic dye should preferably be used. Lastly, make 
sure emergency resuscitation equipment is available, as 
well as personnel trained in ACLS. 

The present review has several limitations. First, re-
search into RCM reactions is a young and growing sci-
ence, and there remain more questions than answers. 
The articles reviewed were not all prospective or ran-
domized in nature. Therefore, the conclusions of this 
piece do not allow for a true statistical or meta-analysis. 
However, some general, qualitative, recommendations 

and conclusions can be made to help the interventional 
pain physician manage patients with RCM allergic-type 
reactions. 

Conclusion

A number of allergic-like reactions to RCM may be 
seen by the interventional pain physician during fluo-
roscopic procedures, including chemotoxic, osmotoxic, 
iodism, idiosyncratic, and anaphylactic reactions, in an 
acute or delayed fashion. Patients with a history of al-
lergy to RCM, as well as a history of asthma, or multiple 
drug allergies are at highest risk. A reported history of 
iodine or shellfish allergy presents an equal risk as that 
for patients with a history of multiple food or drug al-
lergies. The interventional pain physician should not 
only appreciate the risk factors, but also know how to 
manage screening tests, and recognize, prevent, and 
treat these hypersensitivity reactions.

References

1. 	 Lerch M, Keller M, Britschgi M, Kanny 
G, Tache V, Schmid DA, Beeler A, Gerber 
BO, Luethi M, Birther AJ, Christiansen 
C, Pichler WJ. Cross-reactivity patterns 
of T cells specific for iodinated con-
trast media. J Allergy Clin Immunol 2007; 
119:1529-1536.

2.	 Department of Health and Human Ser-
vices, Centers for Medicare & Medicaid 
Services. 42 CFR Parts 410, 411, 414, et 
al. Medicare Program; Payment Policies 
Under the Physician Fee Schedule and 
Other Revisions to Part B for CY 2010; 
Final Rule; Medicare Program; Solicita-
tion of Independent Accrediting Orga-
nizations To Participate in the Advanced 
Diagnostic Imaging Supplier Accredita-
tion Program; Notice. Final Rule. No-
vember 25, 2009.

3.	 Department of Health and Human Ser-
vices, Centers for Medicare & Medic-
aid Services. 42 CFR Parts 405, 409, 410, 
411, 413, 414, 415, and 424 Medicare Pro-
gram; Payment Policies Under the Phy-
sician Fee Schedule and Other Revisions 
to Part B for CY 2011; Final Rule. No-
vember 29, 2010.

4.	 Manchikanti L, Singh V, Boswell MV. In-
terventional pain management at cross-
roads: The perfect storm brewing for a 
new decade of challenges. Pain Physician 
2010; 13:E111-E140.

5.	 Benyamin RM, Datta S, Falco FJE. A per-
fect storm in interventional pain man-
agement: Regulated, but unbalanced. 
Pain Physician  2010; 13:109-116.

6. 	 Manchikanti L, Datta S, Gupta S, Mung-
lani R, Bryce DA, Ward SP, Benyamin 
RM, Sharma ML, Helm II S, Fellows B, 
Hirsch JA. A critical review of the Amer-
ican Pain Society clinical practice guide-
lines for interventional techniques: Part 
2. Therapeutic interventions. Pain Physi-
cian  2010; 13:E215-E264.

7.	 Manchikanti L, Hirsch JA. Physician pay-
ment outlook for 2012. J NeuroIntervent 
Surg 2012; Online First 20 June 2012. 

8. 	 Cochran, ST. Anaphylactoid reactions to 
radiocontrast media. Curr Allergy Asthma 
Rep 2005;  5:28-31.

9. 	 Morcos SK. Acute serious and fatal re-
actions to contrast media: Our current 
understanding. Br J Radiol 2005; 78:686-
693.

10. 	 Morcos SK, Thomsen HS. Adverse reac-
tions to iodinated contrast media. Eur 
Radiol 2001; 11:1267-1275.

11. 	 Brasch RC. The case strengthens for al-
lergy to contrast media. Radiology 1998; 
209:35- 36.

12. 	 Kleinknecht D, Deloux J, Homberg 
JC. Acute renal failure after intrave-
nous urography: Detection of antibod-
ies against contrast media. Clin Nephrol 
1974; 2:116-119.

13. 	 Wakkers-Garritsen BG, Houwerziji J, Na-
ter JP, Wakkers PJ. IgE-mediated adverse 
reactivity to a radiographic contrast me-
dium. Ann Allergy 1976; 36:122-126.

14. 	 Laroche D, Namour F, Lefrancois C, Aim-
one-Gastin I, Romano A, Sainte-Laudy J, 

Laxenaire MC, Gueant JL. Anaphylactoid 
and anaphylactic reactions to iodinated 
contrast material. Allergy 1999; 54 Suppl 
58:13-16.

15. 	 Laroche D, Aimone-Gastin I, Dubois F, 
Huet H, Gerard P, Vergnaud MC, Mou-
ton-Faivre C, Gueant JL, Laxenaire MC, 
Bricard H. Mechanisms of severe, im-
mediate reactions to iodinated contrast 
material. Radiology 1998; 209:183-190.

16. 	 Dewachter P, Mouton-Faivre C. Severe 
reactions to iodinated contrast agents: 
Is anaphylaxis responsible? J Radiol 
2001; 82:973-977.

17. 	 Mita H, Tadokoro K, Akiyama K. Detec-
tion of IgE antibody to a radiocontrast 
medium. Allergy 1998; 53:1133-1140.

18. 	 Rodriguez R, Gueant JL, Aimone-Gas-
tin I, Gerard P, Amoghly F, Bellou A, Jul-
liere Y, Faure G, Danchin N, Romano A. 
The increased histamine release in isch-
aemic heart disease patients undergo-
ing coronaroangiography is not mediat-
ed by specific IgE. Allergy 2002; 57(Suppl. 
72):61-66.

19. 	 Carr DH, Walker AC. Contrast media re-
actions: Experimental evidence against 
the allergy theory. Br J Radiol 1984; 
57:469-473.

20. 	 Idee JM, Pines E, Prigent P, Corot C. Al-
lergy-like reactions to iodinated contrast 
agents. A critical analysis. Fundam Clin 
Pharmacol 2005; 19:263-281.

21. 	 Dickinson MC, Kam PCA. Intravascular 
iodinated contrast media and the anaes-



Pain Physician: September/October 2012; 15:E665-E675

E674 	 www.painphysicianjournal.com

thetist. Anaesthesia 2008; 63:626-634.
22. 	 Rockey EW. Value of radiographic con-

trast solutions in the study of brain ab-
scess. Ann Surg 1927; 86:22-30.

23. 	 Messenger JC, Casserly IP. Advances in 
contrast media and contrast injectors. 
Cardiol Clin 2009; 27:407-415.

24. 	 Wang CL, Cohan RH, Ellis JH, Cao-
ili EM, Wang G, Francis IR. Frequency, 
outcome, and appropriateness of treat-
ment of nonionic iodinated contrast 
media reactions. Am J Roentgenol 2008; 
191:409-415.

25. 	 Delaney A, Carter A, Fisher M. The pre-
vention of anaphylactoid reactions to 
iodinated radiological contrast media: 
A systematic review. BMC Med Imaging 
2006; 6(2):doi:10.1 186/1471-2342-6-2.

26. 	 Gaca AM, Frush DP, Hohenhaus SM, 
Luo X, Ancarana A, Pickles A, Frush KS. 
Enhancing pediatric safety: Using simu-
lation to assess radiology resident pre-
paredness for anaphylaxis from intra-
venous contrast media. Radiology 2007; 
245:236-244.

27. 	 Torres MJ, Mayorga C, Cornejo-Garcia 
JA, Lopez S, Chaves P, Rondon C, Fer-
nandez T, Blanca M. Monitoring non-
immediate allergic reactions to iodine 
contrast media. Clin Exp Immunol 2008; 
152:233-238.

28. 	 Canter LM. Anaphylactoid reactions to 
radiocontrast media. Allergy Asthma Proc 
2005; 26:199-203.

29. 	 Lang DM, Alpern MB, Visintainer PF, 
Smith ST. Gender risk for anaphylactoid 
reaction to radiographic contrast media. 
J Allergy Clin Immunol 1995; 95:813-817.

30. 	 Wittbrodt ET, Spinler SA. Prevention of 
anaphylactoid reactions in high-risk pa-
tients receiving radiographic contrast 
media. Ann Pharmacother 1994; 28:236-
241.

31. 	 Katayama H. Adverse reactions to con-
trast media. What are the risk factors? 
Invest Radiol 1990; 25 (Suppl 1):S16-S17.

32. 	 Lang DM, Alpern MB, Visintainer PF, 
Smith ST.  Elevated risk of anaphylactoid 
reaction from radiographic contrast me-
dia is associated with both beta-blocker 
exposure and cardiovascular disorders. 
Arch Intern Med 1993; 153:2033-2040.

33. 	 Lang DM, Alpern MB, Visintainer PF, 
Smith ST.  Increased risk for anaphy-
lactoid reaction from contrast media 
in patients on beta-adrenergic block-
ers or with asthma. Ann Intern Med 1991; 
115:270-276.

34. 	 Khan DA, Solensky R. Drug allergy. J Al-
lergy Clin Immunol 2010; 125:126-137.

35. 	 Liccardi G, Lobefalo G, Di Florio E, Di 

lorio C, Occhiochiuso L, Romano L, 
Savoia G, Massa RM, D’Amato G. Strat-
egies for the prevention of asthmatic, 
anaphylactic and anaphylactoid reac-
tions during the administration of anes-
thetics and/or contrast media. J Investig 
Allergol Clin Immunol 2008; 18:1-11.

36. 	 Coakley FV, Panicek DM.  Iodine allergy: 
An oyster without a pearl? Am J Roent-
genol 1997; 169:951-952.

37. 	 Shionoya H., Sugihara Y, Okano K, Sa-
gami F, Mikami T, Katayama K.  Studies 
on experimental iodine allergy: 1. Anti-
gen recognition of guinea pig anti-io-
dine antibody. J Toxicol Sci 2004; 29:131-
136.

38. 	 Draganov PV, Forsmark CE. Prospec-
tive evaluation of adverse reactions to 
iodine-containing contrast media af-
ter ERCP. Gastrointest Endosc 2008; 
68:1098-1101.

39. 	 Brockow K, Romano A, Aberer W, Birch-
er AJ, Barbaud A, Bonadonna P, Faria E, 
Kanny G, Lerch M, Pichler WJ, Ring J, 
Rodrigues Cernadas J, Tomaz E, Demo-
ly P, Christiansen C. Skin testing in pa-
tients with hypersensitivity reactions to 
iodinated contrast media - a European 
multicenter study. Allergy 2009; 64:234-
241.

40. 	 Greenberger PA, Patterson R. The pre-
vention of immediate generalized re-
actions to radiocontrast media in high-
risk patients. J Allergy Clin Immunol 1991; 
87:867-872.

41. 	 Greenberger PA, Patterson R, Tapio CM. 
Prophylaxis against repeated radiocon-
trast media reactions in 857 cases. Ad-
verse experience with cimetidine and 
safety of beta-adrenergic antagonists. 
Arch Intern Med 1985; 145:2197-2200.

42. 	 Kelly JF, Patterson R, Lieberman P, 
Mathison DA, and Stevenson DD. Ra-
diographic contrast media studies in 
high-risk patients. J Allergy Clin Immunol 
1978; 62:181-184.

43. 	 Lasser EC, Berry CC, Talner LB, Santini 
LC, Lang EK, Gereber FH, Stolberg HO. 
Pretreatment with corticosteroids to al-
leviate reactions to intravenous contrast 
material. N Engl J Med 1987; 317:845-849.

44. 	 Cohan RH, Ellis JH. Iodinated con-
trast material in uroradiology. Choice 
of agent and management of compli-
cations. Urol Clin North Am 1997; 24:471-
491.

45. 	 Maddox TG. Adverse reactions to con-
trast material: recognition, prevention, 
and treatment. Am Fam Physician 2002; 
66:1229-1234.

46. 	 Tramer MR, von Elm E, Loubeyre P, 

Hauser C. Pharmacological preven-
tion of serious anaphylactic reactions 
due to iodinated contrast media: Sys-
tematic review. BMJ 2006; dio:10.1136/
bmj.38905.634132.AE.

47. 	 Falco FJ, Moran JG. Lumbar discogra-
phy using gadolinium in patients with 
iodine contrast allergy followed by post-
discography computed tomography 
scan. Spine 2003; 28:E1-E4.

48. 	 Arat A, Cekirge HS, Saatci I. Gadodi-
amide as an alternative contrast medi-
um in cerebral angiography in a patient 
with sensitivity to iodinated contrast 
medium. Neuroradiology 2000; 42:34-39.

49. 	 Hammer FD, Goffette PP, Malaise J, 
Mathurin P. Gadolinium dimeglumine: 
An alternative contrast agent for digi-
tal subtraction angiography. Eur Radiol 
1999; 9:128-136.

50. 	 Parodi JC, Ferreira LM. Gadolinium-
based contrast: An alternative contrast 
agent for endovascular interventions. 
Ann Vasc Surg 2000; 14:480-483.

51. 	 Albrecht T, Dawson P. Gadolinium-DT-
PA as x-ray contrast medium in clinical 
studies. Br J Radiol 2000; 73:878-882.

52. 	 Hatrick AG, Jarosz JM, Irvine AT. Gado-
pentate dimeglumine as an alternative 
contrast agent for use in interventional 
procedures. Clin Radiol 1997; 52:948-952.

53. 	 Murphy JM, O’Hare NJ, Smiddy P, Mol-
loy MP. Gadopentetate dimeglumine 
as a contrast agent in peripheral angio-
plasty. A case report. Acta Radiologica 
1998; 39:576-578.

54. 	 Vehmas T, Markkola AT. Gd-DTPA as an 
alternative contrast agent in conven-
tional and interventional radiology. Acta 
Radiologica 1998; 39:223-226.

55. 	 Vehmas T, Tervahartiala P. Gd-DTPA in 
male urethrography. A case report. Acta 
Radiologica 1996; 37:804-805.

56. 	 Quinn AD, O’Hare NJ, Wallis FJ, Wilson 
GF. Gd-DTPA: An alternative contrast 
medium for CT. J Comput Assist Tomogr 
1994; 18:634-636.

57. 	 Slipman CW, Rogers DP, Isaac Z, Lipetz 
JS, Herzog R, Lenrow DA, Vresilovic EJ. 
MR. lumbar discography with intradiscal 
gadolinium in patients with severe ana-
phylactoid reaction to iodinated contrast 
material. Pain Med 2002; 3:23-29.

58. 	 Cochran ST, Bomyea K, Sayre JW. Trends 
in adverse events after IV administration 
of contrast media. Am J Roentgenol 2001; 
176:1385-1388.

59. 	 Murphy KJ, Brunberg JA, Cohan RH. Ad-
verse reactions to gadolinium contrast 
media: A review of 36 cases. Am J Roent-
genol, 1996; 167:847-849.



Radiocontrast Media Reactions and Interventional Pain Practice

www.painphysicianjournal.com 	 E675

60. 	 Murphy KP, Szopinski KT, Cohan RH, 
Mermillod B, Ellis JH. Occurrence of 
adverse reactions to gadolinium-based 
contrast material and management of 
patients at increased risk: A survey of 
the American Society of Neuroradiology 
Fellowship Directors. Academic Radiolo-
gy 1999; 6:656-664.

61. 	 Stanton-Hicks M, Waldman SD. Lumbar 
Sympathetic Nerve Block and Neuroly-
sis. In: Interventional Pain Management. 

2nd ed. W.B. Saunders Co., Philadel-
phia, 2001, pp 485-492.

62. 	 Stanton-Hicks M, Blocks of the sympa-
thetic nervous system. In Stanton-Hicks 
MDA (ed): Pain and the Sympathetic Ner-
vous System Kluwer Academic, Boston, 
1990, p 155.

63. 	 Eaton AC, Wright M, Callum KG. The 
use of the image intensifier in phenol 
lumbar sympathetic block. Radiography 

1980; 46:298-300.
64. 	 Boas R, Hatangdi VS, Richards EG. 

Lumbar sympathectomy-a percutane-
ous technique. Adv Pain Res Ther 1976; 
1:685.

65. Hong JH, Kim AR, Lee MY, Kim YC, Oh 
MJ. A prospective evaluation of pso-
as muscle and intravascular injection 
in lumbar sympathetic ganglion block. 
Anesth Analg 2010; 111:802-807.




