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PREFACE

This 11" Edition of the ACR Manual on Contrast Media replaces all earlier editions. It is being published as a
web-based document only so it can be updated as frequently as needed.

This manual was developed by the ACR Committee on Drugs and Contrast Media of the ACR Commission on
Quality and Safety as a guide for radiologists to enhance the safe and effective use of contrast media. The
Committee offers this document to practicing radiologists as a consensus of scientific evidence and clinical
experience concerning the use of contrast media. Suggestions for patient screening, premedication, recognition
of adverse reactions, and emergency treatment of such reactions are emphasized. Its major purpose is to
provide useful information regarding contrast media used in daily practice.

The editorial staff sincerely thanks all who have contributed their knowledge and valuable time to this
publication.

Members of the ACR Committee on Drugs and Contrast Media are:

Matthew S. Davenport, MD, Chair Robert J. McDonald, MD, PhD
Daniella, Asch, MD Benjamin, Mervak, MD

Joseph Cavallo, MD Rekha Mody, MD

Richard Cohan, MD, FACR Laurence Needleman, MD, FACR
Jonathan R. Dillman, MD Jeffrey H. Newhouse, MD, FACR
James H. Ellis, MD, FACR Jay K. Pahade, MD

Monica Forbes-Amrhein, MD Carolyn L. Wang, MD

Robert Hartman, MD Jeffrey C. Weinreb, MD, FACR
Rajesh Krishnamurthy, MD Stefanie Weinstein, MD

Finally, the committee wishes to recognize the efforts of supporting members of the ACR staff.

The manual is copyright protected and the property of the American College of Radiology. Any reproduction or
attempt to sell this manual is strictly prohibited absent the express permission of the American College of
Radiology.
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VERSION HISTORY
Version 10.3

Version 10.3 of the ACR Manual on Contrast Media was published in June 2018 as a web-based product.
Content changes may take place as a result of changes in technology, clinical treatment, or other
evidence based decisions from the contrast committee.

The following changes have been made:

Date Chapter Change

6-15-2016 Chapter 13 A collaborative statement on gadolinium deposition was
added tothe manual

6-15-2016 Table 1 — Indications for Use of lodinated Deleted
Contrast Media
6-15-2016 Table 2 — Organ and System-Specifi Deleted

Adverse Effects from the Administration of
lodine-Based or Gadolinium-Based
Contrast Agents

6-15-2016 Chapter 9 — Metformin Updated footnote based on new FDA advisory
6-15-2016 Chapter 14 — Injection of Contrast Media New section on intra-osseous injection
6-23-2016 Chapter 13 — ACR-ASNR Position New Chapter added
Statement on the Use of Gadolinium
Contrast Agents
5-31-2017 Chapter 15 — Nephrogenic Systemic Updated
Fibrosis
5-31-2017 Chapter 4 — Patient Selection and Updated
Preparation Strategies
5-31-2017 Chapter 16 — Ultrasound Contrast Media New chapter added
5-31-2017 Chapter 18 — Administration of Contrast Updated
Media to Pregnant or Potentially Pregnant
Patients
6-15-2018 Chapter 5 — Injection of Contrast Media Updated
6-15-2018 Chapter 6 — Extravasation of Contrast Updated
Media
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INTRODUCTION

Various forms of contrast media have been used to improve medical imaging. Their value has long been
recognized, as attested to by their common daily use in imaging departments worldwide. Like all other
pharmaceuticals, however, these agents are not completely devoid of risk. The major purpose of this manual is to
assist radiologists in recognizing and managing the small but real risks inherent in the use of contrast media.

Adverse side effects from the administration of contrast media vary from minor physiological disturbances to rare
severe life-threatening situations. Preparation for prompt treatment of contrast media reactions must include
preparation for the entire spectrum of potential adverse events and include prearranged response planning
with availability of appropriately trained personnel, equipment, and medications. Therefore, such preparation is
best accomplished prior to approving and performing these examinations. Additionally, an ongoing quality
assurance and quality improvement program for all radiologists and technologists and the requisite equipment
are recommended. Thorough familiarity with the presentation and emergency treatment of contrast media
reactions must be part of the environment in which all intravascular contrast media are administered.

Millions of radiological examinations assisted by intravascular contrast media are conducted each year in North
America. Although adverse side effects are infrequent, a detailed knowledge of the variety of side effects, their
likelihood in relationship to pre-existing conditions, and their treatment is required to insure optimal patient
care.

As would be appropriate with any diagnostic procedure, preliminary considerations for the referring
physician and the radiologist include:

1. Assessment of patient risk versus potential benefit of the contrast-assisted examination.

2. Imaging alternatives that would provide the same or better diagnostic information.

3. Assurance of a valid clinical indication for each contrast medium administration.

Because of the documented low incidence of adverse events, intravenous injection of contrast media may be
exempted from the need for informed consent, but this decision should be based on state law, institutional
policy, and departmental policy.

Usage Note: In this manual, the term “low-osmolality” in reference to radiographic iodinated contrast mediais
intended to encompass both low-osmolality and iso-osmolality media, the former having osmolality
approximately twice that of human serum, and the latter having osmolality approximately that of human
serum at conventionally used iodine concentrations for vascular injection. Also, unless otherwise obvious in
context, this manual focuses on issues concerning radiographic iodinated contrast media.
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PATIENT SELECTION AND PREPARATION STRATEGIES BEFORE CONTRAST
MEDIUM ADMINISTRATION

General Considerations

The approach to patients about to undergo a contrast-enhanced examination has four general goals:

1) to ensure that the administration of contrast is appropriate for the patient and the indication; 2) to
balance the likelihood of an adverse event with the benefit of the examination; 3) to promote efficient

and accurate diagnosis and treatment; and 4) to be prepared to treat a reaction should one occur (see
Tables 2, and 3). Achieving these aims depends on obtaining an appropriate and adequate history for each
patient, considering the risks and benefit of using or avoiding contrast medium, preparing the patient
appropriately for the examination, having equipment available to treat reactions, and ensuring that
personnel with sufficient expertise are available to treat severe reactions.

The history obtained should focus on identification of factors that may indicate either a contraindication to
contrast media use or an increased likelihood of an adverse event. Screening questions should include
historical elements that will affect decision-making in the patient selection and preparation period.

Risk Factors for Adverse Reactions to Intravenous Contrast Media
Primary Considerations

Allergic-like reactions to modern iodinated and gadolinium-based contrast medium are uncommon
(iodinated: 0.6% aggregate [1], 0.04% severe[2]; gadolinium-based: 0.01-0.22% aggregate [3], 0.008%
severe) [3,4]. Risk factors exist that increase the risk of a contrast reaction. These generally increase the
likelihood of a reaction by less than one order of magnitude, effectively increasing the risk thatan uncommon event
will occur, but not guaranteeing a reaction will take place. The following are some examples:

Allergy: Patients who have had a prior allergic-like reaction or unknown-type reaction (i.e., a reaction of
unknown manifestation) to contrast medium have an approximately 5-fold increased risk of developing a
future allergic-like reaction if exposed to the same class of contrast medium again [3]. A prior allergic-like or
unknown type reaction to the same class of contrast medium is considered the greatest risk factor for
predicting future adverse events.

In general, patients with unrelated allergies are at a 2- to 3-fold increased risk of an allergic-like contrast
reaction, but due to the modest increased risk, restricting contrast medium use or premedicating solely on the
basis of unrelated allergies is not recommended. Patients with shellfish or povidone-iodine (e.g., Betadine®)
allergies are at no greater risk from iodinated contrast medium than are patients with other allergies (i.e.,
neither is a significant risk factor) [5,6].

There is no cross-reactivity between different classes of contrast medium. For example, a prior reaction to
gadolinium-based contrast medium does not predict a future reaction to iodinated contrast medium, or vice
versa, more than any other unrelated allergy.

Asthma: A history of asthma increases the likelihood of an allergic-like contrast reaction[3,7].

Patients with asthma may be more prone to develop bronchospasm. Due to the modest increased risk,
restricting contrast medium use or premedicating solely on the basis of a history of asthma is not recommended.

PATIENT SELECTION AND PREPARATION STRATEGIES BEFORE CONTRAST MEDIUM ADMINISTRATION 5



Renal Insufficiency: Screening and selection strategies to mitigate the possible risks of the non-allergic adverse events
of contrast-induced nephrotoxicity (CIN) and nephrogenic systemic fibrosis (NSF) can be found in the Chapters on
Post-Contrast Acute Kidney Injury and Contrast Induced Nephropathy in Adults and Nephrogenic Systemic Fibrosis.

Cardiac Status: Patients with severe cardiac disease may be at increased risk of a non-allergic cardiac event if an
allergic-like or non-allergic contrast reaction occurs. These include symptomatic patients (e.g., patients with
angina or congestive heart failure symptoms with minimal exertion) and also patients with severe aortic stenosis,
cardiac arrhythmias, primary pulmonary hypertension, or severe but compensated cardiomyopathy. Due to the
modest increased risk, restricting contrast medium use or premedicating solely on the basis of a patient’s cardiac
status is not recommended.

Anxiety: There is some evidence that contrast reactions are more common in anxious patients [8].
Reassuring an anxious patient before contrast medium injection may mitigate the likelihood of a mild
contrast reaction.

Other Historical and Pre-Procedure Considerations

Age and Gender: Infants, neonates, children, and the elderly have lower reaction rates than middle-aged
patients[1,9] Male patients have lower reaction rates than female patients. Due to the modest increased risk,
restricting contrast medium use or premedicating solely on the basis of patient age or gender is not
recommended.

Beta-Blockers: Some have suggested that use of beta-blockers lowers the threshold for contrast reactions, increases
the severity of contrast reactions, and reduces the responsiveness of treatment with epinephrine [10]. Due to the
modest increased risk, restricting contrast medium use or premedicating solely on the basis of beta-blocker use is
not recommended. Patients on beta-blocker therapy do not need to discontinue their medication(s) prior to
contrast medium administration.

Sickle-Cell Trait/Disease: Some have suggested that contrast medium exposure to patients with sickle cell trait or
sickle cell disease might increase the risk of an acute sickle crisis; however, there is no evidence this occurs with
modern iodinated or gadolinium-based contrast medium [11]. Therefore, restricting contrast medium use or
premedicating solely on the basis of sickle cell trait or sickle cell disease is not recommended.

Pheochromocytoma: There isno evidence that IV administration of modern iodinated or gadolinium-based contrast
medium increases the risk of hypertensive crisis in patients with pheochromocytoma [12]. Therefore, restricting
contrast medium use or premedicating solely on the basis of a history of pheochromocytoma is not
recommended. Direct injection of any type of contrast medium into the adrenal or renal arteries in a patient
with pheochromocytoma has not been adequately studied and is of unknown risk.

Myasthenia Gravis: There is a questionable relationship between IV iodinated contrast medium and
exacerbations of myasthenic symptoms in patients with myasthenia gravis. While one retrospective study
showed no immediate increase in myasthenic symptoms following the administration of iodinated or
gadolinium-based contrast medium [13], another that searched for myasthenic exacerbations occurring up to
45 days after a CT scan found that IV non-ionic iodinated contrast medium was associated with an acute
(within 1 day of contrast administration) myasthenic exacerbation in approximately 6% of patients (compared
to a 1% acute exacerbation rate in patients who had undergone noncontrast CT, p=0.01) [14]. However,
that study was retrospective, and the number of events was small. Premedication is not recommended solely
on the basis of a history of myasthenia gravis. It is controversial whether iodinated contrast medium should be
considered a relative contraindication in patients with myasthenia gravis.
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Hyperthyroidism: Patients with a history of hyperthyroidism can develop thyrotoxicosis after exposure to iodinated
contrast medium, but this complication is rare [15]. Therefore, restricting contrast medium use or premedicating
solely on the basis of a history of hyperthyroidism is not recommended. However, two special situations may affect
this:

1. In patients with acute thyroid storm, iodinated contrast medium exposure can potentiate
thyrotoxicosis; in such patients, iodinated contrast medium should be avoided. Corticosteroid
premedication in this setting is unlikely to be helpful.

2. In patients considering radioactive iodine therapy or in patients undergoing radioactive iodine
imaging of the thyroid gland, administration of iodinated contrast medium can interfere with
uptake of the treatment and diagnostic dose. If iodinated contrast medium was administered, a
washout period is suggested to minimize this interaction. The washout period is ideally 3-4 weeks for
patients with hyperthyroidism, and 6 weeks for patients with hypothyroidism [16,17].

NormalThyroid Function: lodinated contrast medium does not affect thyroid function test results in patients with a
normally functioning thyroid gland [15]. Multiple studies have shown that a single dose of iodinated contrast
medium administered to a pregnant mother has no effect on neonatal thyroid function.

Angiography: Iso-osmolality contrast media (IOCM) are associated with the least amount of vasospasm and
the least peripheral discomfort for peripheral angiograms [18]. Concomitant use of iodinated contrast medium
with certain intra-arterial medications (e.g., papaverine) may lead to precipitation of contrast medium and
crystal or thrombus formation. Decisions about the use and timing of such medication are outside the scope
of this document.

Pretesting

Intradermal skin testing with contrast media to predict the likelihood of adverse reactions has not been shown
to be useful in minimizing reaction risk [19-21].

Corticosteroid Premedication

The purpose of corticosteroid premedication is to mitigate the likelihood of an allergic-like reaction in high-
risk patients.

Etiology of Hypersensitivity Contrast Reactions: The etiological mechanism of most immediate hypersensitivity
contrast reactions is incompletely understood [22]. It is known, however, that approximately 90% of such
adverse reactions are associated with direct release of histamine and other mediators from circulating
basophils and eosinophils. It is also generally accepted that most adverse allergic-like reactions are not
associated with the presence of increased IgE, and therefore are unlikely to be typical IgE-mediated
hypersensitivity reactions. However, some studies show evidence of IgE mediation [19]. No antibodies to IV
contrast media have been consistently identified, and according to skin testing and basophil activation, IgE-
mediated allergy is uncommon, for example occurring in 4% of patients having anaphylaxis symptoms [20].
This likely explains why patients who have never been exposed to contrast media can experience a severe
hypersensitivity reaction on first exposure. Prior sensitization is not required for a contrast reaction to occur.

Pathophysiologic explanations for allergic-like hypersensitivity reactions include activation of mast cells
and basophils releasing histamine, activation of the contact and complement systems, conversion of

L-arginine into nitric oxide, activation of the XII clotting system leading to production of bradykinin [11], and
development of “pseudoantigens” [23].
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The osmolality of the contrast medium as well as the size and complexity of the molecule has potential
influence on the likelihood of contrast reactions. Hyperosmolality is associated with stimulation of histamine
release from basophils and mast cells. Increase in the size and complexity of the contrast molecule may
potentiate the release of histamine [24,25]. There is some evidence to suggest that low-osmolality nonionic
monomers produce lower levels of histamine release from basophils compared with high-osmolality ionic
monomers, low-osmolality ionic dimers and iso-osmolality nonionic dimers [25]. Low-osmolality monomeric
contrast media also are associated with a reduced likelihood of physiologic reactions following intravenous
administration (i.e., non-allergic-like; e.g., nausea and vomiting). In general, non-ionic iodinated contrast
media are associated with less adverse events than ionic contrast media (iodinated and gadolinium-
based)[3,26].

Benefits of Premedication: A randomized trial showed that premedication of average-risk patients prior to high-
osmolality iodinated contrast medium administration reduces the likelihood of immediate adverse events of all
severity [22]. However, high-osmolality contrast medium is no longer used for intravascular purposes.

Another randomized trial showed that premedication of average-risk patients prior to modern low-
osmolality iodinated contrast medium administration reduces the likelihood of mild and aggregate immediate
adverse events, but the trial was underpowered to evaluate the effect on moderate and severe reactions [27].

Both of these randomized trials of premedication did not study the effect of premedication in high-risk patients
who are usually premedicated today, and neither study was sufficiently powered to evaluate the efficacy of
premedication in the prevention of moderate or severe reactions [22,27].

Nonetheless, many experts believe that premedication does reduce the likelihood of a reaction in high- risk
patients receiving low-osmolality iodinated contrast medium [28], although the number needed to treat to prevent
a reaction is high [29,30]. One study estimated that the number needed to premedicate to prevent one reaction in
high-risk patients was 69 for a reaction of any severity and 569 for a severe reaction [29]. Another study
estimated the number needed to treat to prevent a lethal reaction in high-risk patients to be 50,000 [30].

There are no studies evaluating the efficacy of premedication prior to oral contrast medium administration or
gadolinium-based contrast medium administration in high-risk patients. Premedication strategies in these patients
are based on extrapolated data from patients receiving intravascular iodinated media.

Risks of Premedication: The direct risks of premedication are small [31] and include transient leukocytosis,
transient (24-48h) and usually asymptomatic hyperglycemia (non-diabetics: +20-80 mg/dL, diabetics: +100- 150
mg/dL) [32,33], and a questionable infection risk, among other things. Diphenhydramine may cause
drowsiness and should not be taken shortly before operating a vehicle. Some patients have experienced
allergies to the individual medications used in premedication.

The largest risk of premedication is indirect and related to the delay in diagnosis imparted by the multi-
hour duration of premedication [30]. In one retrospective cohort study of 2829 subjects, 13-hour oral
premedication of high-risk inpatients was associated with increased hospital length of stay (median:

+25h), increased time to CT (median: +25h), increased hospital-acquired infection risk, and increased costs
compared to non-premedicated controls [30]. The indirect harms of premedication likely overshadow the
benefits of premedication in some vulnerable populations.

Breakthrough Contrast Reactions: Premedication does not prevent all contrast reactions [29,34,35]. Allergic- like
contrast reactions that occur despite premedication are called “breakthrough reactions” [34]. Physiologic reactions
are not mitigated by premedication and are not considered “breakthrough reactions,” even if they occur
following premedication.
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Patients premedicated for a prior contrast reaction have a breakthrough reaction rate (2.1%) that is 3-4 times
the ordinary reaction rate in the general population, while patients premedicated for other indications have a
breakthrough reaction rate close to 0% [29]. In most cases (~81%), breakthrough reaction severity is similar to
index reaction severity [34,35]. Patients with a mild index reaction have a very low risk (<1%) of developing a
severe breakthrough reaction [29].

The majority (~88%) of contrast injections in premedicated patients with a prior breakthrough reaction will not
result in a repeat breakthrough reaction [34,35]. Repeat breakthrough reactions, if they occur, usually are of
similar severity to prior breakthrough reactions. Therefore, patients who have had a prior moderate or severe
breakthrough reaction are at the highest risk for developing a future moderate or severe breakthrough reaction
[34,35].

Premedication Strategies: Oral premedication is preferable to IV premedication in most settings due to lower
cost, more convenience, and greater evidentiary support in the literature [22,27]. The randomized trials of
premedication in average-risk patients were conducted with oral methylprednisolone [22,27]. Uncontrolled
studies in high-risk patients were conducted with oral prednisone [36,37].

Supplemental administration of a non-selective antihistamine (e.g., diphenhydramine) orally or intravenously
1 hour prior to contrast medium administration may reduce the frequency of urticaria, angioedema, and
respiratory symptoms. Use of selective anti-histamines (i.e., selective H2 blockers) has not been well studied
[36].

The minimum duration of premedication necessary for efficacy is unknown. Lasser et al [27] showed that one
dose of 32 mg oral methylprednisolone 2 hours prior to IV high-osmolality iodinated contrast medium
administration in average-risk patients was not effective, while two doses administered at 2- and 12-hours
before contrast medium administration were effective [27].

A dose-response study of single-dose IV methylprednisolone (1 mg/kg) [38] in 11 volunteers showed a
reduction in circulating basophils and eosinophils by the end of the first post-injection hour, reaching
statistical significance compared with controls by the end of the second hour and a concomitant reduction in
histamine in sedimented leukocytes by 4 hours. Most of these effects reached their peak at 8 hours.

There is no evidence to support a premedication duration of 2 hours or less (oral or 1V; corticosteroid- or
antihistamine-based).

An |V corticosteroid regimen with a minimum duration of 4-5 hours may be efficacious [11,27,31,38].

Indications for Premedication

Given that premedication does not prevent all reactions, has not been confirmed to reduce the
incidence of moderate or severe reactions or reaction-related deaths, has limited supporting efficacy

in high-risk patients, and is accompanied by direct and indirect harms, the utility of premedication in high-
risk patients is uncertain. Given the tradeoffs between what is known and not known with respect

to the benefits and harms of premedication, premedication may be considered in the following settings and
scenarios:

12- or 13-hour oral premedication may be considered in the following settings:
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1. Outpatient with a prior allergic-like or unknown-type contrast reaction to the same class of contrast
medium (e.g., iodinated — iodinated).

2. Emergency department patient or inpatient with a prior allergic-like or unknown-type contrast
reaction to the same class of contrast medium (e.g., iodinated — iodinated) in whom the use of
premedication is not anticipated to adversely delay care decisions or treatment.

Accelerated IV premedication may be considered in the following settings:

1. Outpatient with a prior allergic-like or unknown-type contrast reaction to the same class of contrast
medium (e.g., iodinated — iodinated) who has arrived for a contrast-enhanced examination but has not
been premedicated and whose examination cannot be easily rescheduled.

2. Emergency department patient or inpatient with a prior allergic-like or unknown-type contrast
reaction to the same class of contrast medium (e.g., iodinated — iodinated) in whom the use of 12- or
13-hour premedication is anticipated to adversely delay care decisions or treatment.

In rare clinical situations, the urgency of a contrast-enhanced examination may outweigh the benefits of
prophylaxis, regardless of duration, necessitating that contrast medium be administered to a high-risk patient in the
absence of premedication. This determination is best made jointly by the radiology team, the referring service, and
potentially the patient (if feasible). In such cases, a team of individuals skilled in resuscitation should be
available during the injection to monitor for and appropriately manage any developing reaction.

Regardless of patient status, history of a prior severe contrast reaction is considered a relative contraindication
to receiving the same class of contrast medium in the future. If the same class of contrast medium is necessary
and there are no alternatives, premedication should be considered if feasible.

Routine premedication or avoidance of contrast medium for other indications, such as allergic reactions to other
substances (including shellfish or contrast media from another class [e.g., gadolinium-based — iodinated]),
asthma, seasonal allergies, or multiple drug and food allergies is not recommended.

Specific Recommended Premedication Regimens

Elective Premedication (12- or 13-hour oral premedication)

1. Prednisone-based: 50 mg prednisone by mouth at 13 hours, 7 hours, and 1 hour before contrast
medium administration, plus 50 mg diphenhydramine intravenously, intramuscularly, or by mouth 1
hour before contrast medium administration [22].

Or

2. Methylprednisolone-based: 32 mg methylprednisolone by mouth 12 hours and 2 hours before
contrast medium administration. 50 mg diphenhydramine may be added as in option 1 [39].

Although never formally compared, both regimens are considered similarly effective. The presence of
diphenhydramine in regimen 1 and not in regimen 2 is historical and not evidence-based.
Therefore, diphenhydramine may be considered optional.

If a patient is unable to take oral medication, option 1 may be used substituting 200 mg hydrocortisone 1V for
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each dose of oral prednisone [40]. If a patient is allergic to diphenhydramine in a situation where
diphenhydramine would otherwise be considered, an alternate anti-histamine without cross-reactivity may be
considered, or the anti-histamine portion of the regimen may be dropped.

Accelerated IV Premedication (in decreasing order of desirability)

1. Methylprednisolone sodium succinate (e.g., Solu-Medrol®) 40 mg IV or hydrocortisone sodium
succinate (e.g., Solu-Cortef®) 200 mg 1V immediately, and then every 4 hours until contrast medium
administration, plus diphenhydramine 50 mg IV 1 hour before contrast medium administration. This
regimen usually is 4-5 hours in duration.

2. Dexamethasone sodium sulfate (e.g., Decadron®) 7.5 mg IV immediately, and then every 4 hours until
contrast medium administration, plus diphenhydramine 50 mg IV 1 hour before contrast medium
administration. This regimen may be useful in patients with an allergy to methylprednisolone and is
also usually 4-5 hours in duration.

3. Methylprednisolone sodium succinate (e.g., Solu-Medrol®) 40 mg IV or hydrocortisone sodium
succinate (e.g., Solu-Cortef®) 200 mg IV, plus diphenhydramine 50 mg IV, each 1 hour before
contrast medium administration. This regimen, and all other regimens with a duration less than 4-5
hours, has no evidence of efficacy. It may be considered in emergent situations when there are no
alternatives.

Note: Premedication regimens less than 4-5 hours in duration (oral or IV) have not been shown to be
effective. The accelerated 4-5-hour regimen listed as Accelerated IV option 1 is supported by a case
series and by a retrospective cohort study with 828 subjects [40].

Missing One or More Doses of Premedication

Sometimes, patients undergoing premedication present for a contrast-enhanced scan without completing their
premedication regimen. In such cases, there is no evidence base to guide decision-making, so
management should be individualized. Generally speaking, if premedication is being used, a guiding
principle is to have a minimum of 4-5 hours of corticosteroid therapy prior to contrast medium exposure, with
repeat doses every 4-8 hours. Diphenhydramine administration is optional.

Premedication in Patients Undergoing Chronic Corticosteroid Therapy

In patients who have had a prior allergic-like reaction to contrast medium and who are also on chronic
corticosteroid therapy, premedication dosing may be modified. In this circumstance, there is no evidence base to
guide decision-making, so management should be individualized. Generally speaking, if corticosteroid
premedication is being used, a guiding principle is to reduce the dose of the chosen premedication dose
regimen by an amount equivalent to the patient’s chronic therapeutic corticosteroid dose. If the patient is on
simple replacement (not therapeutic) corticosteroids, the premedication dosing regimen may not need to be
adjusted.

Changing Contrast Media Within the Same Class

In patients with a prior allergic-like or unknown-type contrast reaction to a known contrast medium,
changing contrast media within the same class (e.g., one iodinated medium for another) may help reduce the
likelihood of a subsequent contrast reaction [41,42]. Some studies have shown that the effect size of
switching contrast media actually may be greater than that of premedication alone, but combining
premedication with a change in agent seems to have the greatest effect [41,42]. Unfortunately, many
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patients do not know which specific agent they have reacted to in the past; they simply remember they had a
reaction. In the future, through improved electronic medical records, routine linking of reactions to specific
contrast media is likely to add value. In the current state, investigating which agent was responsible for one or
more prior reactions often is not possible.

Premedication Is Not a Panacea

No premedication strategy is a substitute for pre-administration preparedness. Contrast reactions occur despite
premedication [34], and radiology teams must be prepared to treat breakthrough reactions when they occur.
Patients should receive information concerning their risk of a reaction according to local policy and practice.
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SAFE INJECTION OF CONTRAST MEDIA

General Considerations

Injection methods vary depending on vascular access, differential diagnosis, and imaging examination
type. The mode and method of delivery, either by hand or by power injector, also vary by procedure.
Subject to the requirements of state law, a radiologist, radiologic technologist, or nurse may administer
contrast media. Stable intravenous (IV) access is necessary. For current American College of Radiology
(ACR) recommendations regarding injection of contrast media (including radiopharmaceuticals), see the
ACR-SPR Practice Parameter for the Use of Intravascular Contrast Media.

Referring to FDA package inserts may be appropriate in determining contrast media doses and
concentrations (see Appendix A — Contrast Media Specifications). It is important to avoid prolonged
admixture of blood and contrast media in syringes and catheters whenever possible due to the risk of clot
formation. In general, unless known to be safe, the admixture of contrast media and any medication should
be avoided. However, heparin may be combined with contrast media.

Mechanical Injection of Intravenous Contrast Media

Bolus or power injection of IV contrast material is superior to drip infusion for enhancing normal and
abnormal structures during body computed tomography (CT). Radiology personnel must recognize the
need for proper technique to avoid the potentially serious complications of contrast media extravasation
and air embolism. (See the Chapter on Extravasation of Contrast Media.) When proper technique is used,
contrast medium can be safely administered intravenously by power injector in the vast majority of patients,
even at high-flow rates.

Technique

To avoid potential complications, the patient’s cooperation should be obtained whenever possible.
Communicating with the patient before the examination and during the injection may reduce the risk of
contrast medium extravasation. If the patient reports pain or the sensation of swelling at the injection site,
injection should be discontinued.

Intravenous contrast media should be administered by power injector through a flexible plastic cannula. Use
of metal needles for power injection should be avoided whenever possible. In addition, the flow rate should be
appropriate for the gauge of the catheter used. Although 22-gauge catheters may be able to tolerate flow
rates up to 5 ml/sec, a 20-gauge or larger catheter is preferable for flow rates of 3 ml/sec or greater. An
antecubital or large forearm vein is the preferred venous access site for power injection. If a more peripheral
(e.g., hand or wrist) venipuncture site must be used, flow rates should be reduced if feasible (e.g., 1-2
mL/sec).

Careful preparation of the power injection apparatus is essential to minimize the risk of contrast medium
extravasation or air embolism. Standard procedures should be used to clear the syringe and pressure tubing of
air, after which the syringe should be reoriented with the tubing directed downward. Several maneuvers can be
performed to confirm the proper intravenous location of an inserted catheter. The catheter to be used can be checked for
backflow of blood into the tubing, although backflow is not always noted, even in an appropriately positioned intravenous
line. A saline test flush can be performed by hand or once the tubing is connected to a power injector.
Direct monitoring of the site during injection can be performed if feasible, but direct monitoring often is not
feasible, particularly when CT arteriography is performed or when automatic triggering programs are

SAFE INJECTION OF CONTRAST MEDIA 14


https://www.acr.org/-/media/ACR/Files/Practice-Parameters/ivcm.pdf

employed. If the venipuncture site is found to be tender or infiltrated during any of these maneuvers, an
alternative site should be sought. In all instances, the power injector and its tubing should be positioned to
allow adequate table movement without tension on the intravenous line.

A means of easy communication between the technologist and the patient is required at all times prior to, during,
and following a contrast media injection. This initially can occur via direct contact and then by use of an intercom or
television system. When feasible, the patient should be notified of the presence of such a system and instructed
to notify the technologist for any changes in sensation, including increasing pain or swelling at the injection
site.

It should not be assumed that power injection can be performed in all central venous catheters. However, power
injection of contrast media through some central venous catheters can be performed safely provided that
certain precautions are followed. Before connecting the catheter to the injector system tubing, the catheter tip
position should be tested for venous backflow. Occasionally backflow will not be obtained because the
catheter tip is positioned against the wall of the vein in which it is located. If saline can be injected through
the catheter without abnormal resistance, contrast media can be administered through the catheter safely. If
abnormal resistance or discomfort is encountered, an alternative venous access site should be sought. Injection
with large-bore (9.5-F to 10-F) central venous catheters using flow rates of up to 2.5 ml/ sec has been shown to
generate pressures below manufacturers’ specified limits. For power injection of contrast media through
some central venous catheters, the radiologist should consult manufacturers’ recommendations. Contrast
media should not be administered by power injector through small-bore, peripheral (e.g., arm) access central
venous catheters unless permitted by the manufacturer’s specifications because of the risk of catheter
breakage. Such catheters will usually have a specific rating that indicates they can be used for power injection
up to a specified flow rate.

Air Embolism

Clinically significant large-volume venous air embolism is a potentially fatal but rare complication of IV
contrast media injection. However, small-volume clinically insignificant venous air embolism commonly
occurs. Using care when using power injection for contrast-enhanced CT minimizes the risk of clinically
significant air embolism. On CT, venous air embolism is most commonly identified as air bubbles or air-fluid
levels in the intrathoracic veins, main pulmonary artery, or right ventricle, although it can conceivably be
visualized in any vessel downstream of the injection (e.g, intracranial veins).

Inadvertent injection of large amounts of air into the venous system may result in air hunger, dyspnea, cough,
chest pain, pulmonary edema, tachycardia, hypotension, and expiratory wheezing. Neurologic deficits
may result from stroke due to decreased cardiac output or paradoxical air embolism. Patients with right-to-left
intracardiac shunts or pulmonary arteriovenous malformations are at a higher risk of having a neurological
deficit develop from small volumes of air embolism.

Treatment of venous air embolism includes administration of 100% oxygen and placing the patient in the left
lateral decubitus position (i.e., left side down). Hyperbaric oxygen has been recommended to reduce the size of
air bubbles and to restore circulation and oxygenation. If cardio-pulmonary arrest occurs, closed-chest
cardiopulmonary resuscitation should be initiated immediately.

Intra-osseous Injection

Intra-osseous (I0) catheters allow rapid intravascular access for the administration of fluids and
medications in critically ill patients without intravenous access. Over the last two decades, there have been
improvements in product design and speed of line placement that have translated into a low reported
complication rate [27-29] . Three common devices on the market in the United States include: the Bone
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Insertion Gun (BIG) (WaisMed, lIsrael); the First Access in Shock and Trauma (FAST1) (Pyng Medical
Corporation, Richmond, Canada); and the EZ-IO (Vidacare, San Antonio, USA), which uses a battery-
powered driver (similar to a hand-held drill) to place the specially designed needle [27,28]. Humeral placement is
now the preferred site of access secondary to quick line placement and higher achievable flow rates compared to
tibial access [27,30,31]. High pressures are needed to infuse through 10 lines because of high intramedullary
compartmental pressures. Power injection is possible for CT and MRI; however, the rates for injection and
pressure settings are not well studied in humans. While no large studies looking at 10 access for administration
of contrast media exist, several case reports document successful acquisition of contrast-enhanced CT with no
reported complications using injection rates up to 5 ml/sec (max PSI of 300) [30,32-35]. Intra-osseous injection of
gadolinium-based contrast media has not been studied, but there is no reason to believe it would behave
differently.

A local anesthetic is needed in non-sedated patients prior to infusion of any substance through 10 access. A few
small studies have looked at different lidocaine algorithms to minimize the pain of infusion [27,31,36]. One
suggested pretreatment reported from a single institution with the EZ-10 device is 40 mg 2% (2 ml) of
epinephrine-free lidocaine slowly infused over 2 minutes after the line is primed with 1 ml lidocaine. The
medication was allowed to dwell for one minute, and then the line was flushed with 5-10 ml of saline followed
by another 20 mg (1 ml) of lidocaine infused over one minute. For pediatric patients the same algorithm
would be used, with 0.5 mg/kg as the initial dose (not to exceed 40 mg), followed by a 2-5 ml saline flush
and a second 0.25 mg/kg lidocaine dose [30]. If a radiology practice is not familiar with 10 infusions, consult the
local trauma team for advice on how and whether to prime the line with anesthetic using local protocols.
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EXTRAVASATION OF CONTRAST MEDIA

Frequency

The reported incidence of intravenous (V) contrast media extravasation related to power injection for CT has
ranged from 0.1% to 1.2% [37-41] (1/1,000 patients to 1/83 patients). Extravasation can occur during hand or
power injection. Extravasations may occur at both low and high flow rates [42]. Extravasation occurring with
dynamic bolus CT may involve large volumes of contrast media [43]. Contrast injection rates have not been
significantly associated with the frequency of extravasation; however, extravasations are more common when
injections are made into more peripherally placed catheters [37].

Initial Signs and Symptoms

Although most patients complain of initial swelling or tightness, and/or stinging or burning pain at the site of
extravasation, some experience little or no discomfort [43]. On physical examination, the extravasation site
may be edematous, erythematous, and tender [43].

Sequelae of Extravasations

Extravasated iodinated contrast media can result in injury to surrounding tissues, particularly to the skin,
producing an acute local inflammatory response may not peak for 24 to 48 hours [44]. The acute tissue injury
resulting from extravasation of iodinated contrast media is likely, at least in part, related to its hyperosmolality
[45,46]. Despite this, the vast majority of patients in whom extravasations occur recover without significant
sequelae[43]. Only rarely will a low-osmolality contrast media (LOCM) extravasation injury proceed to a
severe adverse event [43].

Most extravasations are limited to the immediately adjacent soft tissues (typically the skin and subcutaneous
tissues). The most commonly reported severe injuries after extravasation of LOCM are compartment
syndromes [43]. A compartment syndrome, which is produced as a result of mechanical compression, is
probably more likely to occur after extravasation of larger volumes of contrast media; however, it also has been
observed after extravasation of relatively small volumes, especially when these occur in less capacious areas
(such as over the ventral or dorsal surfaces of the wrist) [43]. Compartment syndromes may develop soon after
an extravasation [43] or result from increasing swelling that sometimes occurs hours after the extravasation
[47].

Less commonly encountered severe injuries include skin ulceration and tissue necrosis [48]. These can occur
within hours or days of the extravasation event.

A large series has previously illustrated the infrequency of severe injuries after LOCM extravasation. In this
report by Wang and colleagues [43], only one of 442 adult LOCM extravasations resulted in a severe injury (a
compartment syndrome). Three other patients developed blisters or ulcerations that were successfully treated
locally.

Evaluation

A responsible health care provider should be summoned to examine any patient in whom an extravasation of
contrast material has occurred. The patient should be asked about symptoms of pain and paresthesias. A brief
examination should be performed and should include assessment of extremity tenderness, swelling,erythema,
active and passive range of motion of the fingers, and perfusion [49].
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Extravasation of Gadolinium Based Contrast Media

Gadolinium-based MRI contrast media have similar to lower toxicity in comparison to iodinated contrast
agents [50]; however, extravasations of these agents usually do not cause severe injury, likely due to the
smaller total volumes of contrast material that are injected at MRI.

Treatment

There is no known effective treatment for contrast medium extravasation. Elevation of the affected extremity
above the level of the heart to decrease capillary hydrostatic pressure and thereby promote resorption of
extravasated fluid is recommended [49,51], but controlled studies demonstrating the efficacy of this treatment
are lacking [52]. There is no clear evidence favoring the use of warm over cold compresses or vice versa [52].
Those who have used cold have reported that it may be helpful for relieving pain or the size of any subsequent
ulceration at the injection site. Those who have used heat have found it helpful in improving absorption of the
extravasation as well as in improving blood flow, particularly distal to the site [52]. Nonetheless, many
surgeons recommend initial use of cold compresses [49,51].

There is no consistent evidence that the effects of an extravasation can be mitigated by trying to aspirate the
extravasated contrast medium through an inserted needle or angiocatheter [49,53]. Therefore, aspiration is not
recommended.

There is no consistent evidence that local injection of other agents such as corticosteroids is beneficial.
[44,54,55]. Hyaluronidase has been used in the management of extravasation events for medications unrelated
to contrast media, and there are a few case reports in which it was attempted following a contrast material
extravasation event [56-58]. However, no adequate studies have been conducted assessing its utility with
contrast media. Therefore, use of hyaluronidase for the management of contrast material extravasation is not
recommended [49].

Outpatients who have suffered contrast media extravasation should be released from the radiology department
only after an initial period of observation, provided the radiologist is satisfied that any signs and symptoms
that were present initially have improved or that new symptoms have not developed during the observation
period. Clear instructions should be given to the patient to seek additional medical care, should there be any
worsening of pain, swelling, or should the patient develop paresthesias, diminished range of motion of the
fingers (active or passive), skin ulceration, or other neurologic or circulatory symptoms [49].

Surgical Consultation

Surgical consultation prior to discharge should be obtained whenever there is concern for a severe
extravasation injury [43,49]. An immediate surgical consultation is indicated for any patient in whom one or
more of the following signs or symptoms develops: progressive swelling or pain, altered tissue perfusion as
evidenced by decreased capillary refill at any time after the extravasation has occurred, change in sensation in
the affected limb, worsening passive or active range of motion of the elbow, wrist, or fingers, and skin
ulceration or blistering [46]. It is important to note that initial symptoms of a compartment syndrome may be
absent or relatively mild (such as limited to the development of focal paresthesia)[47].

Reliance on an extravasation volume threshold to indicate the need for surgical consultation is unreliable [43].
The need for surgical consultation should be based on patient signs and symptoms [43]. If the patient is
asymptomatic or has only mild symptoms, appropriate evaluation and clinical follow-up are usually sufficient.

Patients at Increased Risk for Extravasations

Certain patients have been found to be at increased risk for extravasations, including those who cannot
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communicate effectively (e.g., the elderly, infants and children, and patients with altered consciousness),
severely ill or debilitated patients, and patients with abnormal circulation in the limb to be injected [59].
Patients with altered circulation include those with atherosclerotic peripheral vascular disease, diabetic vascular
disease, Raynaud’s disease, venous thrombosis or insufficiency, or prior radiation therapy or extensive surgery
(e.g., axillary lymph node dissection or saphenous vein graft harvesting) in the limb to be injected. Certain
intravenous access sites (e.g., hand, wrist, foot, and ankle) are more likely to result in extravasation and should
be avoided, if possible [37]. However, use of these alternate injection sites may be necessary due to lack of
availability of the more traditional locations. Injection through indwelling peripheral intravenous lines that
have been in place for more than 24 hours and multiple punctures into the same vein are associated with an
increased risk of extravasation [60]

Patients at Increased Risk for a Severe Extravasation Injury Once an Extravasation
Occurs

A severe extravasation injury is more likely to result from an extravasation in patients with arterial
insufficiency or compromised venous or lymphatic drainage in the affected extremity[59]. In addition,
extravasations involving larger volumes of contrast media and those occurring in the dorsum of the hand, foot,
or ankle are more likely to result in severe tissue injury.

Documentation

All extravasation events and their treatment should be documented in the medical record, especially in the
dictated imaging report of the obtained study. If the extravasation is moderate or severe, the referring provider
should be notified.
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ALLERGIC-LIKEAND PHYSIOLOGICREACTIONSTOINTRAVASCULAR
IODINATED CONTRAST MEDIA

The frequency of allergic-like and physiologic adverse events related to the intravascular administration of
iodinated contrast media (ICM) is low and has decreased considerably with changes in usage from ionic high-
osmolality contrast media (HOCM) to nonionic low-osmolality contrast media (LOCM) [1-11]. The majority
of adverse side effects to LOCM are mild non-life-threatening events that usually require only observation,
reassurance, and/or supportive measures [3,12,13]. Severe and potentially life-threatening adverse events
continue to occur rarely and unpredictably. Nearly all life-threatening contrast reactions occur within the first
20 minutes after contrast medium injection.

All personnel who inject intravascular contrast media should be prepared to: 1) recognize the variety of adverse
events that may occur following ICM administration and 2) institute appropriate measures to manage the reaction.
These measures include notifying the supervising radiologist (or his/her designee), monitoring the patient,
administering certain medications, and/or calling for additional assistance (emergency service providers, “code
team”, etc.).

Acute Adverse Events

Classification of Acute Adverse Events

Acute adverse events can be categorized as either allergic-like or physiologic, and organized into three general
categories of severity (mild, moderate, or severe). A suggested classification system (which can be utilized
for both ICM and gadolinium-based contrast media [GBCM)]), stratifying adverse events by severity and
type, is presented in Table 1.

A standardized classification system is important to minimize variation between published reports. It is of
particular importance to avoid contaminating the reported incidence of allergic-like reactions with that of
physiologic reactions, because the management of patients experiencing these reaction types is different
(e.g., patients who experience allergic-like reactions may require future premedication prior to ICM-
enhanced studies, while patients who experience physiologic reactions would not).

Allergic-Like Reactions

Allergic-like reactions to ICM manifest similarly to true allergic reactions seen with other drugs and
allergens, but because an antigen-antibody response cannot be always identified, allergic-like contrast
reactions are classified as “anaphylactoid”, “allergic-like”, or “idiosyncratic” [2,3,12,13]. Treatment of an
allergic-like contrast reaction is identical to that of an equivalent allergic reaction. Allergic-like contrast
reactions are likely independent of dose and concentration above a certain unknown threshold [3].

The pathogenesis of most allergic-like reactions is unclear. There are multiple possible mechanisms that result in
activation of immunologic effectors [14]. It is believed that some allergic-like contrast reactions may involve
activation, deactivation, or inhibition of a variety of vasoactive substances or mediators (such as histamine,
complement, and the kinin system) [3,12-15]. ICM are known to directly cause histamine release from basophils
and mast cells [9]. Histamine release must have occurred when patients develop urticaria, but the precise
cause and pathway of histamine release are not known [3,12,13]. Skin and intradermal testing are positive
in a minority of individuals, indicating that an allergic IgE-mediated etiology may be responsible for some
reactions [16], but this is the minority of cases.

Additives or contaminants, such as calcium-chelating substances or substances eluted from rubber stoppers
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in bottles or syringes, have been suggested as contributory in some allergic-like contrast reactions [12,13].

Physiologic Reactions

Physiologic reactions to ICM likely relate to specific molecular attributes that lead to direct chemotoxicity
[3,12,13], osmotoxicity (adverse effects due to hyperosmolality) [14], or molecular binding to certain
activators [9]. Physiologic reactions are frequently dose and concentration dependent [3].

Cardiac arrhythmias, depressed myocardial contractility, cardiogenic pulmonary edema, and seizures are very
rare, potentially serious physiologic reactions to ICM [3,9,12,13]. These phenomena are likely related to either
contrast media-related hyperosmolality and/or calcium binding leading to functional hypocalcemia [3,9,12,13].
Cardiac adverse events are much more common during angiocardiography than intravenous ICM
administration.

Cardiovascular effects are more frequent and significant in patients with underlying cardiac disease. For
example, patients with left heart failure are less able to compensate for the osmotic load and minor negative
chronotropic effects of ICM. As a result, there is an increased risk of developing acute pulmonary edema.
Noncardiogenic pulmonary edema can also very rarely occur following intravascular ICM administration [16],
although it is unclear whether this represents a physiologic or allergic-like reaction.

Vasovagal reactions are relatively common and characterized by hypotension with bradycardia. While the exact
pathogenesis is unknown, this particular response is thought to be the result of increased vagal tone arising from
the central nervous system. The effects of increased vagal tone include depressed sinoatrial and
atrioventricular nodal activity, inhibition of atrioventricular conduction, and peripheral vasodilatation [3].
Vasovagal reactions may be related to anxiety and can occur while informed consent is being obtained, during
placement of a needle or catheter for contrast medium injection, or during intravascular administration of contrast
media. Such reactions commonly present with a feeling of apprehension and accompanying diaphoresis [3].

While most vagal reactions are mild and self-limited, close patient observation is recommended until
symptoms resolve fully. Severe hypotension may very rarely cause loss of consciousness, cardiovascular
collapse, angina, or seizures [3].

Patient anxiety may also contribute to or exacerbate nonvagal adverse events.

Similar to allergic-like reactions, some additives and contaminants have been associated with physiologic
reactions [12,13].

For a discussion of renal failure, please see the separate chapter on Contrast-Induced Nephrotoxicity.

Frequency of Acute Adverse Events

The frequency of acute adverse events after the administration of intravascular ICM is difficult to
determine with precision because similar signs and symptoms may arise from concomitant medical
conditions, medications, anxiety, etc. Underreporting and variation in the classification of acute adverse
reactions have affected the reported incidence of these events.

Historically, acute adverse events occurred in 5% to 15% of all patients who received HOCM. Many patients
receiving intravascular HOCM experienced physiologic disturbances (e.g., generalized warmth, nausea, or
emesis), and this was often documented as a contrast reaction. HOCM are now rarely or never used for
intravascular purposes because of their greater adverse event profile compared to LOCM.
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LOCM are associated with a very low incidence of acute adverse events, and the bulk of these are not life-
threatening. Cochran et al [17] reported an overall acute adverse reaction rate (allergic-like + physiologic) of
0.2% for nonionic LOCM administered at a single institution. A slightly higher overall frequency of 0.7%
(allergic-like + physiologic) was reported from another institution upon review of 29,508 patients given
iopromide over a 2-year period [18]. Wang et al [19] reported an overall acute allergic-like reaction frequency
of 0.6% in 84,928 adult patients who received iohexol, iopromide, or iodixanol.

A single institutional study of pediatric patients receiving intravenous LOCM by Dillman et al [20]
demonstrated a frequency of acute allergic-like reactions of 0.18%. Another single institutional study in
children by Callahan et al [21] demonstrated an overall acute adverse reaction rate of 0.46% (allergic-like

+ physiologic).

Serious acute reactions to IV LOCM are rare, with an historical rate of approximately four in 10,000
(0.04%) [6].

The mortality incidence related to intravascular ICM is unknown. In a large Japanese study by Katayama et al [6],
no fatal reactions were attributed to LOCM despite greater than 170,000 injections. The conservative estimate of 1
fatality per 170,000 contrast media administrations is thus often quoted. Fatal reactions to LOCM have been
reported [4,17,18,22,23]. A meta-analysis performed by Caro et al [4] documented a fatality rate of 0.9 per
100,000 injections of LOCM. A review of U.S. FDA and drug manufacturer data from 1990 to 1994
demonstrated 2.1 fatalities per 1 million contrast-enhanced studies using LOCM [7].

CommonRisk Factors for Acute Contrast Reactions

Although it is clear that certain patients are at increased risk of experiencing an adverse event to
intravascular ICM, contrast reactions remain sporadic and unpredictable.

A prior allergic-like reaction to ICM is the most substantial risk factor for a recurrent allergic-like adverse
event [1,2,6,18,24]. Such a history is not an absolute predictor, and the incidence of recurrent allergic-like
reactions in high-risk nonpremedicated patients is unknown. It is estimated to range from 10 to 35% [6,25,26].
The estimated risk in high-risk premedicated patients is estimated to be approximately 10% [26,27]. Atopic
individuals (particularly those with multiple severe allergies) and asthmatics are also at increased risk for
allergic-like contrast reactions, although probably not to as great an extent [3,6,9,12,13,24,25,28]. Those
with a history of prior allergic-like reaction to GBCM are at no greater risk for allergic-like reaction to ICM
than other patients with a similar number of allergies and other risk factors (e.g., asthma). A prospective study
by Kopp et al [24] of over 74,000 patients who received iopromide demonstrated that certain age and gender
combinations (e.g., young females) may have a higher incidence of allergic-like reactions compared to the
general population. A retrospective case-control study by Lang et al [28] showed that individuals with asthma
and those receiving beta-adrenergic blocker therapy may be at increased risk for moderate and severe
reactions; however, this study did not match patients based on underlying diseases and it is possible that beta-
blocker therapy merely indicated those patients with more comorbid conditions.

Pre-existing medical conditions may increase the risk of certain adverse events. For example, bronchospasm
is a common adverse event among patients with a history of asthma. Hemodynamic changes are more common
in patients with significant cardiovascular disease, such as aortic stenosis or severe congestive heart failure.

The effects of dose, route (intravenous vs. intra-arterial vs. other), and rate of delivery of contrast media on the
incidence of adverse events are not entirely clear. Studies have shown that a “test injection” does not decrease the
incidence of severe allergic-like reactions [29,30], and may actually increase it. Non-reaction to a “test
injection” does not indicate that an allergic-like reaction will not occur with a standard injection [25]. Test
injections are not recommended for predicting which patients will react to ICM.
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Patients with Myasthenia Gravis

Myasthenia gravis has historically been considered a relative contraindication to intravascular iodinated contrast
material exposure based on experimental and largely anecdotal clinical data with respect to HOCM. Due to a lack
of clear evidence showing adverse effects for LOCM in this setting, only a few contrast material
manufacturers continue to suggest precaution in patients with myasthenia gravis.

However, Somashekar et al [31] in 2013 studied 267 patients with clinically confirmed myasthenia gravis
who underwent CT (112 with LOCM (CE-CT), 155 without LOCM (NC-CT)), and showed a
significantly greater fraction of disease-related symptom exacerbations within 24 hours in the CE-CT group
(6.3% [7/112] for CE-CT vs. 0.6% [1/155] for NC-CT, p = 0.01). These findings suggest that intravascular
LOCM may be relatively contraindicated in patients with myasthenia gravis. This is the first evidence of
such a relationship in the medical literature, and confirmatory studies will be needed before a more
definitive recommendation can be made.

OtherRiskFactors

Drug package inserts suggest precautions are necessary to avoid adverse events in patients with known or
suspected pheochromocytoma, thyrotoxicosis, dysproteinemias, , or sickle-cell disease. There are scant data,
however, to support the need for specific precautions in these patients when LOCM is used (See the
Chapter on Patient Selection and Preparation Strategies). For example, a small retrospective study by Bessell-
Browne and O’Malley [32] demonstrated no adverse events following IV LOCM administration to patients with
pheochromocytomas and paragangliomas.

Treatment

The proper treatment of an acute contrast reaction varies depending on the presentation. A variety of
scenarios and possible treatment algorithms are discussed in Tables 2 and 3.

Delayed Adverse Events to lodinated Contrast Media

Timing

Delayed allergic-like and non-allergic-like adverse events that occur following ICM exposure have long been a
source of concern. Such reactions are most commonly cutaneous and may develop from 30 to 60 minutes to
up to one week following contrast material exposure, with the majority occurring between three hours and two
days [25,33].

Incidence

The incidence of delayed allergic-like reactions has been reported to range from 0.5% to 14% [33,34]. A
prospective study of 258 individuals receiving intravenous iohexol demonstrated a delayed reaction rate of
14.3% compared to 2.5% in a control group undergoing imaging without intravascular contrast material [34]. In
that same study, 26 of 37 delayed adverse reactions were cutaneous in nature [34]. For several reasons (lack
of awareness of such adverse events, usual practice patterns, relatively low frequency of serious outcomes),
such reactions are often not brought to the attention of the radiologist. Delayed reactions are more common in
patients treated with interleukin-2 (I1L-2) therapy [33,35,36].

There is some evidence that the iso-osmolar dimer iodixanol may have a slightly higher rate of delayed
cutaneous adverse events when compared to other LOCM [36]. A prospective study by Schild et al [37]
demonstrated an increased frequency of delayed cutaneous adverse events to nonionic dimeric contrast
material compared to nonionic monomeric contrast material.
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Symptoms
The most frequent delayed adverse events following ICM administration are allergic-like and cutaneous

[2,33,34,36]. They occur more often than is generally recognized, can recur or have serious sequelae, and are
often inadvertently ascribed to causes other than ICM.

Delayed cutaneous reactions commonly manifest as urticaria and/or a persistent rash [2,33,34,36],
presenting as a maculopapular exanthem that varies widely in size and distribution [2,25,33,38], or a
generalized exanthematous pustulosis [39]. Urticaria and/or angioedema may also occur, and is usually
associated with pruritus [25,33]. Occasionally, pruritis may occur in the absence of urticaria.

Severe cutaneous reactions have also been described in individuals with systemic lupus erythematosus (SLE)
[36,40,41]. A study by Mikkonen et al [42] suggested that delayed cutaneous adverse events may occur at an
increased frequency during certain times of the year, and most commonly affect sun-exposed areas of the body.
Cases have been also reported in which the reaction manifests similar to Stevens-Johnson syndrome [41,43], toxic
epidermal necrolysis, or cutaneous vasculitis. Rare fatalities have been described [40,41].

A variety of delayed non-cutaneous symptoms and signs have been also reported. These include nausea,
vomiting, fever, drowsiness, and headache. Severe delayed noncutaneous contrast reactions, while extremely rare,
have been described, including severe hypotension [44] and cardiopulmonary arrest; however, at least some of
the events may have been due to etiologies other than ICM.

Other Rare Delayed Adverse Events

lodide “mumps” (iodine-related sialoadenopathy or salivary gland swelling) [45,46] and acute
polyarthropathy [47] are two additional delayed contrast reactions that have been reported rarely after ICM
administration. These reactions may be more frequent in patients with renal dysfunction.

Treatment

Since delayed reactions are generally self-limited, most require no or minimal therapy [36]. Treatment is
usually supportive, with antihistamines and/or corticosteroids used for cutaneous symptoms, antipyretics for
fever, antiemetics for nausea, and fluid resuscitation for hypotension. If manifestations are progressive or
widespread, or if there are noteworthy associated symptoms, consultation with an allergist and/or
dermatologist may be helpful.

Recurrence Rates and Prophylaxis

The precise recurrence rate of delayed contrast reactions is not known but anecdotally may be 25% or more
[36]. Based on this tendency to recur, at least some of these reactions may be due to T cell-mediated
hypersensitivity [2,33,34,36,38,48]. The efficacy of corticosteroid and/or antihistamine prophylaxis is
unknown, though some have suggested this practice [36]. However, given the likely differing mechanisms
between acute and delayed reactions, as well as the extreme rarity or nonexistence of severe delayed
reactions, premedication prior to future contrast-enhanced studies is not specifically advocated in patients with
solely a prior history of mild delayed cutaneous reaction.
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CONTRAST MEDIA WARMING

This chapter will discuss the relevant literature pertaining to the extrinsic warming of contrast media and
provide suggestions of cases in which extrinsic warming of contrast media may be beneficial in the care of
patients.

Introduction

Contrast media viscosity, like that of many other liquids, is related to temperature. As the temperature of a given
contrast medium increases, there is a concomitant decrease in its dynamic viscosity [1]. Therefore, warmed
contrast media are less viscous than room temperature contrast media. When a warmed contrast medium is
hand- or power-injected into an intravenous (1V) or intra-arterial (1A) catheter, there will be less resistance than
if the contrast medium had not been warmed. The relationship between viscosity and flow for contrast medium
injections is typically non-linear because the flow through small bore 1V catheters is turbulent and does not
obey traditional laminar flow kinetics (Poiseuille’s law) [2].

lodinated Contrast Media - Contrast Material Warming and Injection Kinetics

Several investigators have studied the effects of extrinsic warming of iodinated contrast media on IV and IA
injection kinetics [1-9].

Halsell [5] studied the in vitro flow rates through different sized angiographic catheters with and without
extrinsic contrast media warming (37° C). Contrast warming resulted in a flow rate improvement of 8% or more
only when using high-viscosity contrast media (a highly concentrated ionic high-osmolality monomer and an
ionic low-osmolality dimer from among the tested agents) through 4 to 5F catheters. Lower viscosity contrast
media (including a nonionic monomer at 300 mg I/mL) and larger catheters did not show this flow
improvement.

Hughes and Bisset [2] measured the iodine delivery rates for a variety of low-osmolality contrast media (LOCM)
at both room (24° C) and human body temperature (37° C) and concluded that extrinsic warming to 37° C
improved iodine delivery rates for forceful hand injection through a 5F angiocatheter by 20% to 27% (average
of 23.5%). They also found that the iodine delivery rates closely mimicked the dynamic viscosity of the tested
contrast media. Contrast media with a greater viscosity tended to be delivered at substantially fewer milligrams
of iodine per second compared to those with a lesser viscosity. The authors suggested that vascular opacification
with forceful hand injection, such as that used during catheter angiography, could be maximized by reducing
the viscosity of the utilized contrast media, either by using a lower viscosity contrast material or by extrinsic
warming.

Roth et al [3] tested four different ionic and nonionic iodinated contrast media through 12 different-sized
catheters at both human body (37° C) and room temperature (20° C), and measured the power injection
pressure of each combination using a 7 mL injection at 3 mL/second with an electronic pressure transducer. Their
results supported some of Halsell’s [5] findings by showing that warmed contrast media have a lower
viscosity, and this viscosity translates into a reduction in injection pressure, but primarily for smaller diameter (<
6 French) catheters.

Busch et al [4] studied the iodine delivery rates of four different contrast media through five different
catheters used for coronary angiography at power injections of 100, 200, and 400 psi. lodine delivery rates

were treated as a surrogate for vascular opacification. The iodine delivery rate improved with increasing

pressure, increasing iodine content (mg I/mL) and decreasing contrast media viscosity. Although the authors

did not test the effect of extrinsic warming, they speculated that the reduction in viscosity associated with

warming may be a method by which iodine delivery rates might be improved. This benefit might be greatest
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for lower pressure injections, such as hand injections.

Hazirolan et al [8] randomized patients undergoing cardiac CT angiography into two groups: 1) 32 patients
receiving warmed (37° C) iohexol 350 mg I/mL and 2) 32 patients receiving non-warmed (24° C) iohexol 350
mg I/mL, and then compared the timing and degree of subsequent arterial opacification for a test bolus
injection rate of 5 mL/second through an 18-gauge peripheral IV catheter. They found that the degree of
maximal enhancement within the ascending aorta, descending aorta, and pulmonary arteries was significantly
greater (p = 0.005) for group 1. They also found that group 1 patients reached 100 Hounsfield Units of
enhancement within the ascending aorta significantly faster than group 2 patients (p = 0.03). The authors
concluded that extrinsic warming of the relatively viscous iohexol 350 improved the speed and degree of
enhancement for high-rate cardiac CT angiography. However, their data was solely based on the test injection
(not the diagnostic injection).

Schwab et al [9] tested the maximum injection pressures of iopamidol 300, iomeprol 350, and iomeprol 400 at
both room (20° C) and human body temperature (37° C) through 18, 20 and 22 gauge IV catheters using a
variety of injection rates (1 to 9 mL/second) with a pressure-limited (300-psi) power injector. They concluded
that warming of contrast media led to significant (p < 0.001) reductions in injection pressures across all tested
media. Despite the fact that the manufacturer’s recommended pressure thresholds were exceeded with high-
rate injections (e.g., 8 mL/second), there were no instances of IV catheter malfunction.

lodinated Contrast Media - Contrast Material Warming and Adverse Events

Although there is good evidence that warming of contrast media changes the bolus kinetics and injection pressure
of iodinated contrast media, there has been little evidence that it affects clinical adverse event rates in a
meaningful way [10-12].

In 1982, Turner et al [10] randomly assigned 100 patients in a double-blind fashion to receive either room
temperature (20 to 24° C) or human body temperature (37° C) ionic high osmolality contrast media (HOCM),
and then compared the anaphylactoid and non-anaphylactoid adverse event rates between these two groups.
The authors were unable to show a significant difference, although their study was likely underpowered for
a non-inferiority design. They did not report extravasation events.

Vergara et al [11] conducted a non-randomized prospective study of 4,936 IV injections of iodinated contrast
media in which each group of patients received a specific contrast media and temperature combination.
These groups were then compared with respect to their allergic-like and physiologic adverse events. Again,
extravasation rates were not assessed. The authors showed a small but significant reduction in overall adverse
events for warmed (37° C) ionic HOCM compared to the same non-warmed (22° C) ionic HOCM (89/894
[10.0%] vs. 204/1607 [12.7%]). The dominant effect was a reduction in mild adverse events (49/894 [5.5%]
vs. 138/1607 [8.6%]) rather than a reduction in adverse events that were moderate (36/894 [4.0%] vs. 59/1607
[3.7%]) or severe (4/894 [0.45%] vs. 7/1607 [0.44%]).

Based on the above work, as well as the package inserts for many iodinated contrast media, many
institutions heat their iodinated contrast media (both HOCM and LOCM) to human body temperature (37°C) prior
to routine clinical intravascular administration. In most instances, this is performed using an external incubator
in which the bottles of contrast media are placed. The temperature of the device is typically kept at or near
human body temperature (37°C). In addition to these stand-alone warming machines, there also

exist warming “sleeves” that can be used to keep pre-warmed bottles (or syringes filled from pre-warmed
bottles) of contrast media at a stable (warmed) temperature for approximately one hour or more in cases
where the contrast media is removed from the warming device but not immediately injected. These sleeves can
be a component to the power injector itself or can function independently.
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Because contrast media are designated as medications, the warming of contrast media has fallen under the
regulation of The Joint Commission, which mandates that if contrast media are to be extrinsically warmed,
there must be both a daily temperature log for each warmer and evidence of regular maintenance for the
warming device(s). This regulation has led some institutions to reconsider the use of these warming devices and
reevaluate whether warming iodinated contrast media to human body temperature has a significant
practical, rather than just a theoretical, benefit for IV LOCM administration. Although some institutions
have discontinued the routine use of contrast media warmers for low-rate (< 5 mL/second), non-
angiographic, non-cardiac applications, there are little published data investigating what effect this may have
on patient adverse events.

The largest study investigating the effect of extrinsic warming on IV LOCM adverse events was
published in 2012 [12]. In this non-inferiority retrospective analysis of 24,830 power-injections (< 6 mL/
second) of IV LOCM, the authors compared the rates of allergic-like reactions and extravasations before and
after the discontinuation of contrast media warming at a single institution for both iopamidol 300 (dynamic
viscosity: 8.8 centiPoise (cP) at 20°C and 4.7 cP at 37°C) and the more viscous iopamidol 370 (dynamic
viscosity: 20.9 cP at 20°C and 9.4 cP at 37°C). Discontinuation of contrast media warming had no significant
effect on the allergic-like reaction or extravasation rates of iopamidol 300. However, it did result in nearly
tripling of the extravasation rate (0.27% [five of 1851] vs. 0.87% [18 of 2074], p = 0.05) and combined allergic-
like and extravasation event rate (0.43% [eight of 1851] vs 1.25% [26 of 2074], p = 0.02) for iopamidol 370.
These results suggest that contrast media warming may not be needed for iopamidol 300, but may be needed for
iopamidol 370 (and possibly other similarly viscous contrast media) if the primary goal is to minimize contrast
media-related adverse events. However, the authors did note that there was no difference in clinical outcome
between the warmed and non-warmed iopamidol 370 groups, likely because the vast majority of extravasation
events and allergic-like reactions do not result in long-term morbidity or mortality. The authors did not have
any data to permit evaluation of the effect of extrinsic contrast media warming on patient comfort or
physiologic (e.g., nausea, vomiting, sensation of warmth) adverse events.

Warming of lodinated Contrast Media - Suggestions

Based on the available literature, the validity of extrinsic warmers seems predicated on the intended
outcome.

Extrinsic warming of iodinated contrast material to human body temperature (37°C) may be helpful to
minimize complications and improve vascular opacification in the following circumstances:

« For high-rate (> 5 mL/second) IV LOCM power injections

» For injections of viscous iodinated contrast (e.g., iopamidol 370, and presumably other contrast
media with a similar or higher viscosity)

» For direct arterial injections through small-caliber catheters (5 French or smaller)

* Forintravenously injected arterial studies in which timing and peak enhancement are critical features

Extrinsic warming of iodinated contrast material may not be needed or beneficial in the following
circumstances:

» For low-rate (< 5 mL/second) IV LOCM power injections or hand injections

» For injections of iodinated contrast media with a relatively low viscosity (e.g., iopamidol 300, and
presumably other contrast media with a similar or lower viscosity)

» For direct arterial injections through large-bore catheters (6 French or larger)

* For IV injections in which peak opacification and timing are not critical (e.g., routine portal venous

phase chest/abdomen/pelvis CT imaging)
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Package inserts for iodinated contrast media contain information about recommended storage
temperatures.

Warming of Gadolinium-Based Contrast Media—Suggestions

Gadolinium-based contrast media are administered at room temperature (15 to 30°C [59 to 86°F]) and
according to package inserts, should not be externally warmed for routine clinical applications.
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POST-CONTRAST ACUTE KIDNEY INJURY AND CONTRAST-INDUCED NEPHROPATHY IN ADULTS

Definitions and Terminology

Post-contrast acute kidney injury (PC-AKI) is a general term used to describe a sudden deterioration in renal
function that occurs within 48 hours following the intravascular administration of iodinated contrast medium.
PC-AKI may occur regardless of whether the contrast medium was the cause of the deterioration [1-12]. PC-
AKI is a correlative diagnosis.

Contrast-induced nephropathy (CIN) is a specific term used to describe a sudden deterioration in renal
function that is caused by the intravascular administration of iodinated contrast medium,; therefore, CIN is a
subgroup of PC-AKI [1-12]. CIN is a causative diagnosis.

Unfortunately, very few published studies have a suitable control group to permit the separation of CIN from
PC-AKI [1-12]. Therefore, the incidence of PC-AKI reported in clinical studies and the incidence of PC-AKI
observed in clinical practice likely includes a combination of CIN (i.e., AKI caused by contrast medium
administration) and AKI unrelated to contrast medium administration (i.e., AKI coincident to but not caused
by contrast medium administration).

This document will address both CIN and PC-AKI, but these terms are not interchangeable. PC-AKI is not
synonymous with CIN.

At the current time, it is the position of ACR Committee on Drugs and Contrast Media that CIN is a real,
albeit rare, entity. Published studies on CIN have been heavily contaminated by bias and conflation. Future
investigations building on recent methodological advancements [3,4,7,9], are necessary to clarify the
incidence and significance of this disease.

Pathogenesis

PC-AKI may be caused by any nephrotoxic event (including CIN) that is coincident to the intravascular
administration of contrast material. Because the diagnosis of PC-AKI is based on changes in serum creatinine
[2,13-15], physiologic fluctuation in this value can also contribute to its incidence, particularly in patients
with chronic kidney disease. Patients who have an elevated serum creatinine at baseline have a greater
variance in daily serum creatinine measurements than those with a normal baseline serum creatinine [10].

The exact pathophysiology of CIN is not understood. Etiologic factors that have been suggested include renal
hemodynamic changes (vasoconstriction) and direct tubular toxicity, among others [16-26]. Both osmotic
and chemotoxic mechanisms may be involved, and some investigations suggest agent-specific
chemotoxicity. The nephrotoxic effect of iodinated contrast medium may be proportional to dose for cardiac
angiography; there is no evidence of a dose-toxicity relationship following intravenous (V) administration
when administered at usual diagnostic doses. CIN may occur in children, but if so, it is rare [27-30].
Gadolinium-based contrast media either do not cause CIN when administered at FDA-approved doses, or this
event is exceptionally rare [27-30] . If administered at extreme above-FDA-label doses to achieve X-ray
attenuating effects during angiography (not recommended), gadolinium-based contrast media are more
nephrotoxic than iso-attenuating doses of iodinated contrast media [36-38].

Diagnosis

There are no standard criteria for the diagnosis of PC-AKI or CIN; criteria used in the past have included percent
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change in the baseline serum creatinine (e.g., an increase of variously 25% to 50%) and absolute elevation
from baseline serum creatinine (e.g., an increase of variously 0.5 to 2.0 mg/dL). One of the most commonly
used criteria has been an absolute increase of 0.5 mg/dL over a baseline serum creatinine [15,39].

Studies vary in the time when serum creatinine measurements were obtained following contrast medium
administration and in the number of measurements made. Few studies have followed patients for more than 72
hours.

The incidence of PC-AKI varies inversely with the magnitude of the change in serum creatinine used to establish
the diagnosis, and the same threshold has not been used for all studies. These variable definitions of acute
kidney injury (AKI) have been addressed by two consensus groups—the Acute Dialysis Quality Initiative
(ADQI) and the Acute Kidney Injury Network (AKIN). Both groups have attempted to standardize the diagnosis
and staging of acute kidney injury irrespective of etiology. The RIFLE system (Risk, Injury, Failure, Loss,
ESKD) was proposed by ADQI in 2004 [40] and the AKIN system was proposed by AKIN in 2007 [41]. The
AKIN system is a modified version of RIFLE and is briefly defined below; only recently have the AKIN criteria
been employed scientifically in the study of CIN [1,3,4,42-44]. This standard method of diagnosing and staging
AKI may be helpful in the design of future CIN studies.

AKIN Definition of Acute Kidney Injury

The diagnosis of AKI is made according to the AKIN criteria if one of the following occurs within 48 hours
after a nephrotoxic event (e.g., intravascular iodinated contrast medium exposure) [41]:

1) Absolute serum creatinine increase >0.3 mg/dL (>26.4 umol/L).
2) A percentage increase in serum creatinine >50% (>1.5-fold above baseline).
3) Urine output reduced to <0.5 mL/kg/hour for at least 6 hours.

This system has been advocated as a common definition of intrinsic acute kidney injury, regardless of etiology
[41]. Therefore, it can be used to define the parameters of PC-AKI as well as CIN. The AKIN criteria also
outline a system for staging the degree of renal injury that is present following the diagnosis of AKI; the
interested reader is referred to the original manuscript [41].

Elevations in serum creatinine are neither sensitive nor specific for individual types of AKI. Any serum
creatinine-based criteria, used in isolation, will be unable to separate CIN from generic PC-AKI. This
applies to scientific studies lacking appropriate control groups and to clinical evaluations of individual
patients [2-4,7-9,11].

Laboratory Tests of Renal Function

Laboratory tests may be used both to estimate the risk of CIN prior to administering contrast medium and to
determine whether AKI has occurred after contrast medium administration. Serum creatinine
concentration is the most commonly used measure of renal function, but it has limitations as an accurate
measure of glomerular filtration rate (GFR) [43,45-47]. Serum creatinine is considerably influenced by the
patient’s gender, muscle mass, nutritional status, and age. Impaired renal function can exist when the serum
creatinine is “normal”. Normal serum creatinine is maintained until the GFR — at least as reflected in creatinine
clearance — is reduced by nearly 50%.

Calculated estimated glomerular filtration rate (eGFR) is more accurate than is serum creatinine at
predicting true GFR [48]. As a result, eGFR is gaining attention as a potentially better marker of CIN risk
[49,50]. However, the formulae for estimating GFR rely in part on serum creatinine, and therefore are subject to
some of the same limitations (e.g., confounding AKI, physiologic variation, muscle mass). Moreover, eGFR
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determinations have limitations because they were created from studies on narrow populations; one particular
limitation is their applicability only to stable levels of renal dysfunction. This is because serum creatinine
levels lag behind changes in renal function. In AKI, neither renal function nor serum creatinine is stable.
Therefore, using these formulae to estimate GFR or creatinine clearance in the setting of AKI in order to make
risk determinations for contrast medium use is inadvisable.

Route of Contrast Administration

In the last two decades, the CIN literature has been dominated by reports of patients who have undergone cardiac
angiography with iodinated contrast medium. Cardiac angiography differs from IV contrast medium
administration in three major ways: 1) the injection is intra-arterial and supra-renal, 2) the injection requires a
catheter that can dislodge atheroemboli, and 3) the contrast medium dose to the kidneys will be more abrupt
and concentrated [2,6,51,52].

The overall incidence of PC-AKI in studies of cardiac angiography is higher than it is in studies of patients
who receive IV iodinated contrast medium. Therefore, data from cardiac angiography studies likely over-estimate
the risk of CIN for patients undergoing IV contrast-enhanced studies [2,6].

CIN Studies

Much of the literature investigating the incidence of CIN has failed to include a control group of patients not
receiving contrast medium [8,12]. This is problematic because several studies have shown that the
frequency and magnitude of serum creatinine change in patients who have not received contrast medium is
similar to the changes in patients who have received it [7-9,53-60]. In more than 30,000 patients at a single
institution who did not receive any contrast medium, more than half showed a change in serum creatinine of at
least 25%, and more than 40% showed a change of at least 0.4 mg/dL [10]. The authors noted that had some
of these patients received iodinated contrast medium temporally related to the rise in serum creatinine, the
rise would have been undoubtedly attributed to it, rather than to physiologic variation or another etiology.

Since 2007, an increasing number of published studies have included control groups of patients not exposed
to iodinated contrast medium [53,55-60]. Most have found no evidence of CIN, but most also utilized non-
randomized non-matched controls who happened to receive unenhanced CT as part of routine clinical care
[53,55-60]. The clinical population of patients imaged with unenhanced CT is enriched with patients who are at
risk for AKI and therefore is contaminated by selection bias. This selection bias has been shown objectively in a
meta-analysis by McDonald et al [8].

Four large studies released in 2013 and 2014 (each with >10,000 patients) have addressed selection bias in the
unenhanced CT population through use of propensity score adjustment and propensity score matching [3,4,7,9].
Although the conclusions from these studies differ somewhat, all four have shown that CIN is much less common
than previously believed. In patients with a stable baseline eGFR >45 mL / min/1.73m?, IV iodinated contrast
media are not an independent nephrotoxic risk factor [3,4,7,9], and in patients with a stable baseline eGFR 30-44
mL / min/1.73m?, 1V iodinated contrast media are either not nephrotoxic or rarely so [3,4,7,9].

Despite this common ground, there are differences among these studies [3,4,7,9] in the covariates chosen
for inclusion, the method of controlling baseline renal function instability, the definitions of AKI, and the
nuances of the statistical methodology. These differences likely explain the different conclusions drawn
between these studies for patients with Stage IV and Stage V chronic kidney disease (eGFR <30 mL /
min/1.73m?). In particular, two propensity-score matched studies [3,4] have shown that IV iodinated contrast
material is an independent nephrotoxic risk factor in patients with Stage IV and Stage V chronic kidney
disease, while two others were unable to find such evidence [7,9].
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Risk Factors

Numerous studies have attempted to isolate risk factors for CIN. There is consensus that the most
important risk factor is pre-existing severe renal insufficiency [3,4,15,39,61]. Multiple other risk factors have
been proposed, including diabetes mellitus, dehydration, cardiovascular disease, diuretic use, advanced age,
multiple myeloma, hypertension, hyperuricemia, and multiple iodinated contrast medium doses in a short time
interval (<24 hours) [3,4,15,39,61-63], but these have not been rigorously confirmed. Two studies have shown
that PC-AKI may occur after two closely spaced doses of 1V iodinated contrast medium [62,63], but neither
study was designed to show that the risk was higher than after one or no dose of IV contrast medium.

Risk Thresholds

There is no agreed-upon threshold of serum creatinine elevation or eGFR declination beyond which the risk of
CIN is considered so great that intravascular iodinated contrast medium should never be administered. In fact,
since each contrast medium administration always implies a risk-benefit analysis for the patient, contrast
medium administration for all patients should always be taken in the clinical context, considering all risks,
benefits and alternatives [2,6].

In a 2006 survey of radiologists by Elicker et al [64], the cutoff value for serum creatinine beyond which
intravascular iodinated contrast medium would not be administered varied widely among radiology practices.
For patients with no risk factors other than elevated serum creatinine, 35% of respondents used

1.5 mg/dL, 27% used 1.7 mg/dL, and 31% used 2.0 mg/dL (mean, 1.78 mg/dL). Threshold values were
slightly lower in patients with diabetes mellitus (mean: 1.68 mg/dL).

Some pr