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Abstract 

Contrast media are the materials utilized in radiology to improve the visualization of certain body structures subjected 
to analysis in a medical image. Contrast media are, then, diagnostic drugs because they increase the visibility of organs 
and tissues and allow the identification of details that otherwise could not be observed. With the introduction of 
multidetector computed tomography the number of patients undergoing contrast studies has grown exponentially in 
recent years. In computed tomography the formation of the radiographic image is obtained with the use of contrast 
media containing iodine atoms, exploiting the different attenuation that the X-ray beam presents in crossing the 
anatomical districts. The Iodinated Contrast Media (ICM) are a category of numerous substances formed by even 
complex molecules that vary considerably in their properties, uses and toxic effects. Even though iodinated contrast 
agents have a good safety profile, it is necessary to understand that some patients can have severe, life-threatening 
allergic reactions because of the side effects of the chemicals. This paper describes the clinical pharmacology, use and 
adverse reactions of intravenous iodinated contrast media used in computerized tomography, offering all doctors, even 
non-radiologists, the opportunity for rapid updating.  

Keywords:  Iodinated Contrast Media, Contrast Reactions, Contrast Media, Adverse Effects, Computed Tomography 
(CT). 

1 Introduction 

Contrast media, also called contrast agents or contrast materials, are the substances used to enhance images of the body 
from the inside as they are produced from x-rays, Computed Tomography (CT), Magnetic Resonance Imaging (MRI) and 
Ultrasound (US) (Rusandu et al., 2020; Lim et al., 2020). 

According to Brockow (2020), contrast media allow a radiologist to distinguish between normal and abnormalities from 
images, and the contrast materials are not the dyes that permanently change the color of internal organs, but rather the 
substances that temporarily change the way X-rays or other imaging tools interact with the body.  

Yamaguchi et al (2017) emphasized that when inserted into the body before the imaging examination, the contrast 
materials make certain structures or tissues in the body look different on the images than they would appear in the 
absence of a contrast material. This may help the contrast materials to distinguish or "contrast" specific areas of the 
body from the surrounding tissues. By improving the vision of specific organs, blood vessels, or tissues, these materials 
help doctors diagnose medical conditions. 
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Iodine and barium sulfate compounds are used in x-rays and CT scans in imaging assays, and contrast materials can 
have a chemical structure that includes iodine, a naturally occurring chemical element. These contrast materials may 
be injected into the veins or arteries within the discs in the spine or the fluid spaces of the spine and into other body 
cavities (Imai et al., 2018). 

Iodinated X-ray contrast media are the most commonly used drugs in diagnostic and interventional procedures. 
Procedures that employ contrast media have shown rapid growth. In the last two decades, the use of (CT) increased by 
800% and the use of cardiac catheterization increased by 390% (Barr et al., 2016). With the increasing use of these 
procedures, the number of patients receiving iodinated contrast media has also continued to increase. Given such 
widespread use, it is important to be aware of Associated Adverse Events (AEs) and have a good knowledge about the 
management of various contrast media. 

Most AEs of iodinated contrast media, such as nausea, vomiting, urticaria and itching, are mild. However, severe AEs 
can occur, including hypotensive shock, respiratory arrest, cardiac arrest and convulsions. The incidence of these AEs 
has decreased considerably with the change of usage from High-Osmolar Contrast Media (HOCM) to Low-Osmolar 
Contrast Media (LOCM); the incidence of AEs has been reported as 5% to 15% for HOCM and 0.2% to 0.7% for LOCM 
(Kurihara et al., 2015; Jascintha et al., 2016). Although the overall incidence of AEs has decreased, severe AEs still 
continue to occur. 

Recently, many different kinds of iodinated contrast media have been used. However, it is not clear whether differences 
exist in AEs among various LOCM (Park et al., 2018). Also, it is controversial whether iso-osmolar media are safer than 
LOCM on the topic of risk for contrast-induced nephropathy. Previous studies have evaluated various LOCM versus an 
iso-osmolar media iodixanol, but have shown conflicting results (Motosugi et al., 2016). Therefore, it is important to 
assess whether the risks associated with these media are class-specific, osmolality based, or individual medium-specific. 
Different iodinated contrast media may have different biological characteristics. In fact, knowledge of different safety 
profiles of individual iodinated contrast media is essential (Wu et al., 2016). 

Therefore, the objectives of this paper is to determine identify characteristics of iodinated contrast media, types of 
iodinated contrast media, the associated adverse events, and the management of such associated adverse events. 

1.1 Statement of the Problem 

The processes of diagnosis and intervention based on contrast media are performed with increasing frequency. The 
patient population subjected to these procedures is progressively older and has more comorbid conditions (Park et al., 
2018; Morzycki et al., 2017). Therefore, contrast media continue to cause concern among patients, referring clinicians, 
and radiologists because of their widespread use and the rare but potentially important adverse events (Tung, 2006). 

Intravenous iodinated contrast media are commonly used with CT to evaluate disease and to determine treatment 
response (Morzycki et al., 2017). Although patients have benefited from their use, iodinated contrast media historically 
have been denied or delayed in patients with reduced kidney function due to the perceived risks of Contrast-Induced 
Acute Kidney Injury (CI-AKI) (Wu et al., 2016). This is important because denying patients diagnostic testing that is 
indicated in a timely fashion creates potential for indirect harm related to delayed diagnosis and misdiagnosis.  

However, clinical decision making in patients potentially at risk is often fraught with confusion, uncertainty, and 
heterogeneity (Motosugi et al., 2016; Park et al., 2018; Barr et al., 2016; Rusandu et al., 2020). This is due in part to 
shifting perceptions regarding the true risks of modern contrast media, improvements in scientific methodology used 
to study these adverse events, incomplete penetrance of new knowledge into scientific practice, latent bias related to 
historical precedent, uncertainty regarding the interpretation of recently conducted well-controlled observational 
studies, and differences in recommendations across radiology and medical subspecialties (Imai et al., 2018).  

It is significant to recognize that in clinical practice, a multitude of factors are used to determine whether intravenous 
contrast media should be administered (e.g., probability and necessity of an accurate diagnosis, alternative methods of 
diagnosis, risks of misdiagnosis, expectations about kidney functional recovery, allergic-like reaction risk) (Davenport 
et al., 2020). Decisions are rarely based on a single consideration (e.g., risk of an adverse event specifically related to 
kidney impairment). Consequently, these statements should be considered in the context of the entire clinical scenario. 
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1.2 Research Questions 

This paper aims to answer the following questions: 

 What are the uses of iodinated contrast media? 
 What are the clinical pharmacology properties of iodinated contrast media? 
 What are the adverse effects of iodinated contrast media? 
 How can the adverse effects of iodinated contrast media be managed? 

1.3 Methodology 

This paper uses the descriptive approach that involves a review of the literature published on iodinated contrast media 
in terms of their uses, clinical pharmacology, adverse effects, and their management. The review is based on the studies 
and researches published on iodinated contrast media with the aim to elaborate on this concept and elicit its distinct 
features.   

2 Literature Review 

2.1 Iodinated Contrast Media  

Iodinated contrast agents have been in use since the 1950s to facilitate radiographic imaging modalities. Physicians in 
almost all specialties will either administer these agents or care for patients who have received these drugs (Jascinth et 
al., 2016; Park et al., 2018). Different iodinated contrast agents vary greatly in their properties, uses, and toxic effects. 
Therefore, clinicians should be at least superficially familiar with the clinical pharmacology, administration, risks, and 
adverse effects associated with iodinated contrast agents (Pasternak & Williamson, 2012). 

Contrast agents have long been used for the imaging of anatomic boundaries and to explore normal and abnormal 
physiologic findings. These agents have included colorimetric contrast agents (e.g., methylene blue and indocyanine 
green) and fluorescent contrast agents (e.g., fluorescein) (Morzycki et al., 2017). However, the introduction of 
increasingly faster and more discriminating radiographic imaging techniques has resulted in the need for radiation-
attenuating contrast agents that can be used in traditional radiographic imaging or, more recently, in subtraction 
imaging, both of which can be projected and rotated in three dimensions (Motosugi et al., 2016). 

By far the most successful and widely applied contrast agents in use today are the Iodinated Contrast Agents (ICAs), 
first introduced into clinical practice in the 1950s. It is estimated that approximately 75 million doses of ICAs are given 
worldwide each year (Christiansen, 2005). The ICAs fall into 4 broad groups, each possessing unique chemical, physical, 
and biologic properties. These various ICAs are needed to address the demands of a wide variety of imaging modalities 
as shown in table 1 (Cohan et al, 2013). 

Given the frequent use of ICAs and the diversity of images and patients requiring an ICA, it is not surprising that 
physicians from virtually every specialty will encounter patients scheduled to receive, or who have recently received, 
an ICA (Park et al., 2018). Because the ICAs collectively have the potential to meaningfully alter patient physiologic 
features, produce immunologic reactions, and affect patient outcomes (in concert with, or independent of, other disease 
processes), it is important that all physicians have an appreciation for the indications for, selection of, and consequences 
of ICA use. For these reasons, we provide a primer on ICA use for the non-radiologist. 
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Table 1 Indications for Use of Iodinated Contrast Media 

Intravascular Intra-arterial 

 Intravenous  Angiocardiography 

 Computed tomography  Computed tomography 

 Digital subtraction angiography  Coronary angiography 

 Intravenous urography  Pulmonary angiography 

 Venography (phlebography)  Aortography 

 Inferior vena cava and its tributaries  Visceral and peripheral arteriography 

 Superior vena cava and its tributaries  Digital subtraction angiography 

 Extremities  Central nervous system 

 Other venous sites  Cerebral, vertebral, and spinal angiography 

 Epidural venography  

Intrathecal  

Myelography (myelographic nonionic only) 

Cisternography (myelographic nonionic only) 

Other 

Oral, rectal, or ostomy – gastrointestinal tract 

Conventional fluoroscopy 

Computed tomography 

Therapeutic uses 

Body cavity use 

Herniorrhaphy 

Peritoneography 

Vaginography 

Hysterosalpingography 

Arthrography 

Endoscopic retrograde cholangiopancreatography 

Cholangiography 

Nephrostography 

Pyelography – antegrade, retrograde 

Urethrography – voiding, retrograde 

Cystography 

Sialography 

Ductography (breast) 

Miscellaneous 

Sinus tract injection 

Cavity delineation  

 Source: American College of Radiology Manual on Contrast Media (2013). 
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2.2 Pharmacology of Iodinated Contrast Media 

All ICAs share a similar function group—a tri-iodinated benzene ring (Figure 1). Iodine plays a key role in the 
attenuation of x-rays. The atomic radius of a covalently bonded iodine atom is approximately 133 picometers, which 
falls within the range of the wavelengths of x-rays: 10 to 10,000 picometers; thus, x-rays are easily attenuated by the 
iodine atoms. Furthermore, 3 iodine atoms covalently bonded to a benzene ring offer 2 major advantages: (1) 3 large 
atoms located in such close proximity increase the effective molecular size, thus attenuating longer-wavelength x-rays, 
and (2) covalent bonding to a stable organic functional group (i.e., benzene) reduces the risk of toxic effects from free 
iodide.  

 

Figure 1 Basic Molecular Structural Units of Iodinated Contrast Agents. Source: (Pasternak & Williamson, 2012). 

Two major chemical variations result in 4 classes of ICAs (Figure 2). Compounds consist of either 1 tri-iodinated 
benzene ring (i.e., monomers) or 2 tri-iodinated benzene rings linked by an organic functional group (i.e., dimers). In 
addition, ionic tendency is governed by the presence (i.e., ionic) or absence (i.e., nonionic) of a carboxylate (-COO-) 
functional group contained on an organic side chain. Typically, because the carboxylate moiety adds a net negative 
charge to the molecule, these anionic agents are usually available as salts of sodium, calcium, or methylglucamine 
cations. Hence, the four major classes of iodinated contrast agents are as follows: 

 Ionic monomer: single tri-iodinated benzene ring with a carboxylate-containing benzene substituent. 
 Ionic dimer: two linked tri-iodinated benzene rings in which at least 1 carboxylate-containing group is 

substituted on at least 1 benzene ring. 
 Nonionic monomer: single tri-iodinated benzene ring without a carboxylate-containing benzene substituent. 
 Nonionic dimer: two linked tri-iodinated benzene rings that do not contain a carboxylate functional group 

within any benzene substituent. 
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Figure 2 Properties of the 4 Classes of iodinated Contrast Agents. Source: (Pasternak & Williamson, 2012). 

The ICAs among the 4 groups have differing properties, clinical uses, and toxicity profiles, and to some degree these 
differences influence which types of agents are used by the imaging department for specific indications (Yamaguchi et 
al., 2017). For example, unlike nonionic agents, which are uncharged, the charged ionic species tend to disrupt the 
electrical potential of cell membranes, accounting for their increased toxicity (Thomsen & Morcos, 2000). Also, ionic 
monomers have the weakest ability to attenuate x-rays and thus need to be administered in high concentrations that 
are hyperosmolar (approximate osmolarity = 1500-2000 mOsm/L) compared with blood (approximate osmolarity = 
280-290 mOsm/L) (Han et al., 2019). As such, ionic monomers are also referred to as high-osmolarity agents. Low-
osmolarity agents include ionic dimers and nonionic monomers with osmolarities in the range of 290 to 860 mOsm/L. 
Nonionic dimers are iso-osmolar with blood, with an osmolarity of 290 mOsm/L (Kurihara et al., 2015). 

All ICAs demonstrate low protein binding. Distribution from the intravascular compartment to highly perfused organs, 
such as brain, liver, and kidney, is rapid, whereas distribution to less perfused organs and tissues, such as bone and fat, 
is much slower (Imai et al., 2018). As such, the half-life of redistribution of the intravascular compartment is still rapid 
(2-5 minutes for most agents). Currently, no available agent undergoes clinically significant metabolism because all are 
eliminated unchanged by the kidneys via glomerular filtration with no significant tubular reabsorption (Katzberg, 
1997).The elimination half-life of most agents falls within the range of 90 to 120 minutes in patients with normal renal 
function and can be delayed, on the order of weeks, in patients with renal insufficiency (Barr et al., 2016). 

2.3 Clinical Uses of ICM 

Because the administration of these media carries some increased risk for patients in certain clinical settings, it is 
important to weigh risks and benefits of contrast administration and choose the appropriate type and amount of 
contrast for each patient. Ideally, patients should be informed of these risks. In patients at high risk for an adverse event, 
the need for administration of an ICA should be considered, as well as alternative imaging modalities or the use of other 
contrast agents, such as gadolinium (Rusandu et al., 2020; Dona et al., 2020). Although the various ICAs differ in a 
number of physical and chemical properties, such as viscosity, osmolarity, and immunogenicity, their imaging 
characteristics are entirely based on the ability to attenuate x-rays (Lim et al., 2020). The ability of an ICA to attenuate 
x-rays depends on the number of iodine molecules present in the tissue to be imaged and is inversely related to the x-
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ray energy used for imaging. Therefore, the type and amount of contrast media used for a given purpose also depend on 
the imaging characteristics needed. In general, there are three routes of administration for ICAs: intravascular, enteric, 
and direct injection (Brockow, 2020; Han et al., 2019): 

2.3.1 Intravascular Contrast Administration 

Intravascular administration of contrast is by far the most common use of iodinated contrast media and can be further 
subdivided into intra-arterial and intravenous injection. Intra-arterial injection is the primary method of contrast 
delivery used in diagnostic catheter angiography and catheter-directed arterial intervention, such as percutaneous 
angioplasty and stent placement. Factors that affect the choice of type and amount of contrast to be administered include 
viscosity, iodine concentration, and osmolarity (Yamaguhi et al., 2017; Kurihara et al., 2015). 

The imaging modality used for most intra-arterial injections is fluoroscopy. This modality requires higher rates of 
contrast administration to opacify the target vessels (up to 30 mL/s) as opposed to intravenous injections used for 
computed tomography (CT) scanning (typically 2-6 mL/s) (Imai et al., 2018). Therefore, viscosity plays a significant role 
in the delivery of intra-arterial contrast media for angiography, and contrast agents are routinely warmed to 37°C so 
that adequate flow rates can be attained during catheter injection. In addition, iodine concentration can be an important 
factor for adequate opacification, and the use of high-iodine contrast media can be helpful, particularly in larger patients. 
Finally, osmolarity of intra-arterial contrast media has been shown to affect patient comfort during extremity 
angiography (Barr et al., 2016). For this reason, iso-osmolar contrast is frequently used for upper- and lower-extremity 
runoff studies. 

Intravenous contrast administration for the purpose of CT scanning is the most common use of iodinated contrast 
media. Intravenous injection of contrast is also used for studies of the genitourinary tract, such as intravenous 
pyelography, and the venous system, such as direct venography; however, these studies have been decreasing in use 
during the last two decades, whereas the number of contrast-enhanced CT scans has increased significantly during that 
same period (Dona et al., 2020). 

According to Lim et al (2020), the complications of intravascular injection of iodinated contrast include anaphylactoid 
contrast reaction and contrast-induced nephropathy. An additional risk of intravenous contrast injection is contrast 
media extravasation. Although uncommon, contrast extravasation can lead to local edema and erythema. Rarely, serious 
local effects, such as skin and subcutaneous ulceration and tissue necrosis, can occur. 

2.3.2 Enteric Contrast Administration 

Although oral or enteric contrast examinations traditionally are performed with barium suspensions, iodinated contrast 
media is also frequently used for this purpose (Brockow, 2020). In general, iodinated contrast is preferred to barium 
when there is a risk of bowel leak or obstruction because extraintestinal barium can cause inflammation and adhesions. 
Diatrizoate meglumine (GastroView) and diatrizoate sodium (Hypaque) are examples of iodinated contrast used for 
fluoroscopic examinations, typically at a 20% concentration. These agents can also be used in a more dilute form for CT 
examinations (usually 2% to 3% concentration) (Rusandu et al., 2020). Similarly, nonionic contrast agents, such as 
iohexol (Omnipaque), can be used for oral administration. At the dilutions used for CT scanning, these agents are nearly 
tasteless when dissolved in water (Imai et al., 2018). 

2.3.3 Direct Contrast Injection 

Direct injection of iodinated contrast comes in two basic forms: injection via percutaneous needle access, such as direct 
arthrography, and injection via an indwelling catheter or tube, such as cystography or sonography (Yamaguchi et al., 
2017). Contrast injection of this type differs from intravascular injection in that the contrast is not rapidly cleared by 
the kidneys after image acquisition but is evacuated back through the catheter or by natural drainage. In some cases, 
such as articular injection and myelography, the contrast is absorbed slowly back into the body via the lymphatic system 
(Han et al., 2019). 

As with enteric contrast administration, contrast reactions have been reported but are extremely rare. Contrast-related 
complications from such procedures are far more frequently associated with adverse local reactions (Barr et al., 2016). 
Therefore, the contrast preparation for each of these procedures should be specifically formulated for the appropriate 
indication. 
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2.4 Adverse Effects of Iodinated Contrast Media and their Management 

2.4.1 Risks Associated with Iodinated Contrast Media  

Iodinated contrast media (CM) are routinely used to enhance imaging of neoplastic lesions. They are crucial for accurate 
depiction of the tumor, monitoring response to treatment, and assessing possible recurrence of malignant lesions 
(Morzycki et al., 2016). Unfortunately, there are potential risks associated with the administration of CM, and adverse 
reactions may occur. In addition, CM may interact with some of the drugs and clinical tests used in the management of 
patients with oncological disease (Motosugi et al., 2016). 

Reactions to CM can be divided into general and renal adverse effects. General reactions are subdivided into acute (those 
that develop within one hour of CM administration) and delayed (those that develop after one hour but less than a week 
after CM administration) (Wu et al., 2016). Acute reactions can be divided into minor, intermediate, and severe life-
threatening reactions. The minor reactions include flushing, nausea, arm pain, pruritus, vomiting, headache, and mild 
urticarial (Jascinth et al., 2016). Patients suffering from reduced renal function or conditions causing reduction of renal 
perfusion may develop contrast media nephrotoxicity (CMN) (Morcos, 2008). Consideration should be given to 
alternative imaging techniques that do not require injection of iodinated CM (Park et al., 2018).  

The use of gadolinium-based CM has been suggested for radiographic examinations as an alternative to iodinated CM in 
patients with renal impairment (Morzycki et al., 2017). Contrast media may interfere with the pharmacokinetics of 
other drugs, particularly those that are eliminated from the body through the kidneys. Iodinated contrast media can 
cause reduction of renal function, particularly in patients with preexisting reduced renal function (Motosugi et al., 
2016). 

Adverse Effects of ICM  

Adverse effects from the administration of iodinated intravenous contrast media vary from mild reactions to rare but 
severe life-threatening situations (Wu et al., 2016). 

2.4.1.1 Contrast-Induced Acute Kidney Injury (Ci-AKI)  

Contrast-Induced Acute Kidney Injury (CI-AKI) has replaced other terminology such as contrast nephrotoxicity, 
Contrastinduced Nephropathy (CIN) or Radiocontrast Nephropathy (RCN). CI-AKI is the third leading cause of hospital-
acquired acute renal failure (Kagan & Sheikh‐Hamad, 2010). It is an iatrogenic disease, which may cause long term 
morbidity or death. CI-AKI is defined when one of the following criteria is met:  

 serum creatinine rises by ≥26 µmol/l within 48 hours after administration of contrast medium compared to 
baseline creatinine values;  

 serum creatinine rises ≥1.5 fold from the baseline value, which is known or presumed to have occurred within 
one week after administration of iodinated contrast medium;  

 urine output is <0.5 ml/kg/hour for more than 6 consecutive hours;  
 when alternative explanations for renal impairment have been excluded.  

These variable definitions make it difficult to predict the long-term clinical outcome of CI-AKI. CI-AKI is both an adverse 
effect that may permanently impair renal function, increase the length of hospital stay and hospital costs as well as a 
predictor of future adverse cardiovascular events and mortality (RCR, 2015). 

2.4.1.2 Acute Reactions  

Acute reactions are those which take place within 60 minutes of the administration of ICM. The majority of acute 
reactions are anaphylactoid, are not dose-dependent, and involve the release of histamine along with other active 
biological chemicals. Acute reactions may be classified as mild, moderate and severe (RCR, 2015):  

 Mild Reactions: may be experienced by up to three percent of patients following iodinated contrast media 
administration. Such reactions usually resolve without the need for any treatment, and include nausea, 
pruritus, vomiting, marked urticaria, headache, and mild urticaria (RCR, 2015; ACR, 2013; RANZCR, 2009; 
Bettmann, 2004).  
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 Moderate Reactions: may require specific treatment, and include severe vomiting, marked urticaria, 
bronchospasm, facial/laryngeal oedema and vasovagal attacks (RCR, 2015; ACR, 2013; RANZCR, 2009; 
Bettmann, 2004). 

 Severe Reactions: occur in 0.04% to 0.004% of iodinate contrast media administrations, with the risk of death 
being rare. Severe reactions include hypovolaemic shock, respiratory arrest, cardiac arrest, pulmonary oedema 
and convulsions (RCR, 2015; ACR, 2013; RANZCR, 2009; Bettmann, 2004). 

2.4.1.3 Delayed Reactions  

Delayed reactions, which account for less than four percent of reactions, take place between one hour to one week after 
the administration of iodinated contrast media. Delayed reactions most commonly present as skin reactions with a 
maculopapular rash. Less frequent skin reactions include angioedema, urticaria and erythema (RCR, 2015; ACR, 2013; 
RANZCR 2009; Bettmann, 2004). 

2.5 Managing the Risks of Iodinated Contrast Media  

True CI-AKI is defined when there is a permanent reduction in renal function as opposed to a temporary alteration of 
renal function post iodinated contrast medium administration (Kurihara et al., 2015). True CI-AKI is rare and usually 
confined to individuals with pre-existing renal dysfunction. The risk of CI-AKI is 0.6% to 2.6% in the general population, 
but rises to 4.7% in patients with pre-existing renal impairment (Imai et al., 2018). Renal impairment, measured best 
by Estimated Glomerular Filtration Rate (eGFR), is the only risk factor predictive of CI-AKI. Patients who have a high 
risk for CI-AKI need to be identified prior to iodinated contrast media administration through measurements of egFR. 
Renal impairment is considered in patients with an egFR <60ml/mim/1.73m2 (Dona et al., 2020). 

 However, the Contrast Media Safety Committee of the European Society of Urogenital Radiology, in their updated 
guidelines, agreed that the risk of CI-AKI is lower after intravenous than after intra-arterial administration of contrast 
media (Rusandu et al., 2020). They considered that only patients with an eGFR of <45ml/min/1.73m2 are at risk from 
CI-AKI after intravenous administration. Other risk factors, such as age over 75 years, diabetes, metformin use, 
congestive heart failure, gout and collagen vascular disease should also be considered (Richenberg, 2012; Stacul, 2011).  

To reduce the risk of CI-AKI, eGFR measurements should be available for all nonemergency cases. An eGFR within the 
previous three months is satisfactory for patients in a stable condition. Patients with known renal disease should have 
an eGFR measurement from the previous seven days, which can be compared against a baseline. In the presence of 
chronic kidney disease (eGFR<40ml/ min/1.73m2), one should consider temporarily stopping Angiotensin-Converting 
Enzyme (ACE) inhibitors and angiotensin II receptor blockers. Consultation with a nephrologist has been shown to be 
beneficial for patients at risk of CI-AKI (RCR, 2015; Lewington et al, 2020).  

To date, the best known preventive measure to reduce the risk of CI-AKI is hydration. The smallest dose of low osmolar 
non-ionic monomeric or isoosmolar non-ionic dimeric contrast medium should be used. There is insufficient evidence 
to suggest routine use of any other pharmacological agent in attempting to reduce CI-AKI (RCR 2015).  

Mild reactions to iodinated contrast are relatively common, but are mostly self-limited and of no consequence. Severe 
reactions, although rare, can occur in the absence of any specific risk factor with any type of contrast media (RCR, 2015; 
ACR, 2013; RANZCR, 2009). Therefore the aims during the administration of iodinated contrast are to:  

 Ensure that the administration of iodinated contrast is appropriate for the patient and the clinical indication;  
 Reduce the possibility of a reaction;  
 Be fully prepared to promptly recognize and treat a reaction if this occurs. 

General safety considerations during the administration of iodinated contrast include the availability of an 
appropriately trained doctor, who can promptly deal with a severe reaction. Those administering iodinated contrast 
media should be able to identify the symptoms of severe reactions. Patients should be well hydrated prior to iodinated 
contrast media administration. Facilities for the treatment of acute reactions should be readily available and regularly 
checked. No patient should be left unsupervised within the first five minutes post administration of iodinated contrast. 
It is good practice for patients to remain on the premises for at least 15 minutes post administration of iodinated 
contrast as, based on evidence, most severe reactions occur during this period (RCR, 2015). This period should be 30 
minutes for individuals who are at an increased risk of adverse reactions. All types of reactions should be reported and 
documented for future reference (RCR, 2015; ACR 2013; Richenberg, 2012; Owen et al. 2014; RANZCR 2009; Bettmann 
2004).  
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Whilst there is always a potential risk for all individuals undertaking iodinated contrast media examinations, there 
should be a system whereby individuals who pose an increased risk can be identified so that adequate planning and 
precautionary measures can be taken before their administration. In the presence of an increased risk, the decision 
about iodinated contrast media administration should be taken by the supervising radiologist based on adequate 
information (Royal College of Radiologists, 2015; American College of Radiology, 2013; Owen et al., 2014; RANZCR 
2009). For all such cases, if administration of iodinated contrast is still considered necessary, the following general 
precautionary measures should be taken:  

 Supervise patient continuously;  
 Leave cannula in place for at least 30 minutes post administration;  
 Ensure availability of emergency drugs and equipment.  

If iodinated contrast administration is necessary during pregnancy, there is a small risk of thyroid suppression to the 
fetus, and therefore a thyroid function test should be performed during the first week after birth (Royal College of 
Radiologists, 2015).  

A small percentage of iodinated contrast is passed on to breast milk in lactating mothers. However, no specific 
precaution is necessary and mothers may continue to breastfeed their infants without any significant risk (Royal College 
of Radiologists, 2015).  

Preparation for the treatment of iodinated contrast media reactions must include preparation for the whole variety of 
possible reactions and include availability of appropriately trained personnel, medications and equipment (RANZCR, 
2009) 

In terms of the administration of iodinated contrast media, quality assurance relates to the systematic monitoring and 
evaluation of the various aspects of administration, to ensure that required standards of quality are being met and 
continuously maintained. To ensure patient safety during the administration of iodinated contrast, resuscitation 
equipment, and medications for the treatment of complications should be made readily available and regularly checked 
and maintained (RANZCR, 2009). 

All personnel who perform venepuncture for the administration of iodinated contrast should be well trained in: (Royal 
College of Radiologists, 2015)  

 Venepuncture procedures and have received formal certification of their competence;  
 The recognition of iodinated contrast reactions and the procedures for their treatment;  
 Cardiopulmonary resuscitation (CPR).  

The competencies of personnel should be updated and maintained through training programs as part of their 
Continuous Professional Development (CPD).  

3 Conclusion 

Recognition of the early signs of iodinated contrast media adverse effects, the risk of reactions to pre-existing conditions, 
taking adequate precautions to minimize risks and provision of prompt and adequate treatment ensures optimal patient 
safety and care. Adverse reactions to ICAs are common; however, severe reactions are rare. Most severe acute reactions 
and contrast-induced nephropathy occur with high-osmolarity ionic monomeric ICAs. Delayed reactions are most 
common after nonionic dimers. The best means to treat all adverse reactions is to prevent them from occurring. 
Identification of patients who are at risk for adverse reactions and minimizing risk by following preventive measures 
or using alternative (i.e., ICA independent) diagnostic techniques can be helpful in reducing the incidence of adverse 
effects. Furthermore, physicians responsible for ordering imaging tests that require the use of ICAs should consider 
addressing risks, benefits, and alternatives with their patients given the potential for adverse outcomes associated with 
this class of drugs. Equipment and drugs used to treat severe and life-threatening reactions should be readily available 
in all clinical locations where ICAs are administered. 
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