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PREFACE

This 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:

Carolyn Wang, MD, Chair

Daniella Asch, MD Jennifer McDonald, PhD
Michael James Callahan, MD Brian L. Murphy, MD, MB, BCh
Joseph Cavallo, MD Benjamin Mervak, MD

Jonathan Dillman, MD, MSc Jeffrey Newhouse, MD, FACR
James Ellis, MD, FACR Jay Pahade, MD

Monica Forbes-Amrhein, MD Alisa Sumkin, DO

Leah Gilligan, MD Kerry L. Thomas, MD

Pranay Krishnan, MD Jeffrey Weinreb, MD, FACR
Robert J. McDonald, 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

2023

Version 2023 of the ACR Manual on Contrast Media was published in April 2023 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:

Last Updated | Chapter Change
2010 Introduction Updated
2013 Chapter 7 — Allergic-like and Physiologic Reactions | Updated
to Intravascular Iodinated Contrast Media
2013 Chapter 8 — Contrast Media in Children Updated
2013 Chapter 12 — Gastrointestinal (GI) Contrast Media in| Updated
Adults: indications and Guidelines
2013 Chapter 19 - Administration of Contrast Media to Updated
Women Who Are Breast-Feeding
2014 Chapter 11 Contrast Media in Children Updated
2014 Appendix A Updated
2015 Preface Updated
2016 Chapter 13— ACR-ASNR Position Statement on the | A collaborative statement on gadolinium
Use of Gadolinium Contrast Agents deposition was added to the manual
2016 Table 1 — Indications for Use of lodinated Deleted
Contrast Media
2016 Table 2 — Organ and System-Specific Adverse Deleted
Effects from the Administration of lodine-Based
or Gadolinium-Based Contrast Agents
2016 Chapter 9 — Metformin Updated footnote based on new FDA advisory
2016 Chapter 14 — Injection of Contrast Media New section on intra-osseous injection
2016 Chapter 13 — ACR-ASNR Position Statement New Chapter added
on the Use of Gadolinium Contrast Agents
2017 Chapter 15 — Nephrogenic Systemic Fibrosis Updated
2017 Chapter 4 — Patient Selection and Updated
Preparation Strategies
2017 Chapter 17 — Ultrasound Contrast Media New chapter added
2017 Chapter 19 — Administration of Contrast Media to Updated
Pregnant or Potentially Pregnant Patients
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2018 Chapter 5 — Injection of Contrast Media Updated
2018 Chapter 6 — Extravasation of Contrast Media Updated
2020 Chapter 18 — Treatment of Contrast Reactions Updated
2020 Table 4 — Equipment for Contrast Reaction Updated
Kits in Radiology
2020 Appendix (Approved Contrast Media Updated
Agents)
2021 Chapter 5 - Fasting Prior to Intravascular New added chapter
Contrast Media Administration
2021 Chapter 10 - Post-Contrast Acute Kidney ACR-NKF Consensus language harmonization
Injury and Contrast-Induced Nephropathy in update with chapter title change.
Adults
2021 Chapter 16 - Nephrogenic Systemic Fibrosis ACR-NKF Consensus language harmonization
(NSF) update
2022 Chapter 7 — Extravasation of Contrast Media Evidence based update with recommendations
and strength of evidence
2022 Chapter 15 - Adverse Reactions To Gadolinium- New Gadolinium Pregnancy Screening
Based Contrast Media Statement
2023 Chapter 16 - Nephrogenic Systemic Fibrosis Updated Calculating eGFR for Adults
(NSF)
2023 TABLE 1. ACR Manual Classification of Gadopiclenol Update
Gadolinium-Based Agents Relative to
Nephrogenic Systemic Fibrosis
2023 Appendix A — Contrast Media Specifications Gadopiclenol Update
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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 media is
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 7ables 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 [2], 0.008% severe) [3]. 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 that an 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 [2]. 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) [4,5].

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 [2,6].

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.

Renal Insufficiency: Screening and selection strategies to mitigate the possible risks of the non-allergic adverse
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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 [7]. 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
[1,8]. 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 [9].
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 [10]. Therefore, restricting contrast
medium use or premedicating solely on the basis of sickle cell trait or sickle cell disease is not recommended.

Pheochromocytoma: There is no evidence that IV administration of modern iodinated or gadolinium-based
contrast medium increases the risk of hypertensive crisis in patients with pheochromocytoma [11]. 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 [12], 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) [13]. 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.

Hyperthyroidism: Patients with a history of hyperthyroidism can develop thyrotoxicosis after exposure to
iodinated contrast medium, but this complication is rare [14]. 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:
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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 [15,16].

Normal Thyroid Function: Iodinated contrast medium does not affect thyroid function test results in patients
with a normally functioning thyroid gland [14]. 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 [17]. 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 [18-20].

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 [21]. 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 [18]. 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 [19].
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 [10], and development of
“pseudoantigens” [22].

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 [23,24]. There is some evidence to suggest that low-osmolality nonionic monomers produce lower

PATIENT SELECTION AND PREPARATION STRATEGIES BEFORE CONTRAST MEDIUM ADMINISTRATION



levels of histamine release from basophils compared with high-osmolality ionic monomers, low-osmolality ionic
dimers and iso-osmolality nonionic dimers [24]. 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) [2,25].

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 [21]. 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 reduce the likelihood of mild and aggregate immediate adverse events,
but the trial was underpowered to evaluate the effect on moderate and severe reactions [26].

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 [21,26].

Nonetheless, many experts believe that premedication does reduce the likelihood of a reaction in high- risk
patients receiving low-osmolality iodinated contrast medium [26], although the number needed to treat to prevent
a reaction is high [27,28]. 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 [27]. Another study estimated
the number needed to treat to prevent a lethal reaction in high-risk patients to be 50,000 [28].

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 [29] and include transient leukocytosis,
transient (24-48h) and usually asymptomatic hyperglycemia (non-diabetics: +20-80 mg/dL, diabetics: +100-150
mg/dL) [30,31], 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 [27,32,33]. Allergic-
like contrast reactions that occur despite premedication are called “breakthrough reactions” [32]. Physiologic
reactions are not mitigated by premedication and are not considered “breakthrough reactions,” even if they occur
following premedication.

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% [27]. In most cases (~81%), breakthrough reaction severity is similar to
index reaction severity [32,33]. Patients with a mild index reaction have a very low risk (<1%) of developing a
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severe breakthrough reaction [27].

The majority (~88%) of contrast injections in premedicated patients with a prior breakthrough reaction will not
result in a repeat breakthrough reaction [32,33]. 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
[32,33].

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 [21,26]. The randomized trials of
premedication in average-risk patients were conducted with oral methylprednisolone [21,26]. Uncontrolled
studies in high-risk patients were conducted with oral prednisone [34,35].

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 [34].

The minimum duration of premedication necessary for efficacy is unknown. Lasser et al [26] 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 [26].

A dose-response study of single-dose IV methylprednisolone (1 mg/kg) [36] 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 IV; corticosteroid- or
antihistamine-based).

An 1V corticosteroid regimen with a minimum duration of 4-5 hours may be efficacious [10,26,29,36].

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 maybe 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).

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.
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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 [21].

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 [37].

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 IV for each
dose of oral prednisone [38]. 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 IV immediately, and then every 4 hours until contrast medium
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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 [38].

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 [39,40]. 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 [39,40]. Unfortunately, many 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 [32], 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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Fasting Prior to Intravascular Contrast Media Administration

To decrease the likelihood of vomiting and aspiration, some practices request that patients fast prior to
administration on intravenous contrast media [41]. However, currently used low- and iso-osmolality nonionic
iodinated contrast media used for CT, and gadolinium-based contrast media (GBCM) used for MRI, have much
lower risk of vomiting compared to the previously used ionic high-osmolality iodinated contrast media [2,42-48].
Furthermore, pre-procedure fasting may have negative effects including scheduling limitations, hypoglycemic risk
in patients with diabetes mellitus, and general discomfort.

A 2012 meta-analysis of 13 studies and 2,001 patients exposed to intravascular iodinated contrast media found
that, despite heterogeneous fasting practices (including many with no restrictions), there were no cases of
aspiration pneumonia attributable to iodinated contrast media [41]. A 2009 study of 158,439 injections of GBCM
demonstrated that only 0.03% resulted in mild adverse events including nausea, vomiting, or mild rash [49]. No
assessment of the risk aspiration pneumonia attributable to GBCM has been performed. Data indicate there is no
preventive effect of fasting prior to modern iodinated and gadolinium-based intravascular contrast media
administration on risk of nausea, vomiting, or aspiration [50].

Given the potential for negative consequences due to fasting and a lack of evidence that supports the need for
fasting, fasting is not required prior to routine intravascular contrast material administration. However, for
patients receiving conscious sedation, anesthesia guidelines should be consulted (e.g., the American Society of
Anesthesiology [ASA] Practice Guidelines for Preoperative Fasting in Health Patients Undergoing Elective
Procedures) [51].
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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 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,
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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 (IO) 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 [1-3].
Three common devices on the market in the United States include: The Bone Insertion Gun (BIG) (WaisMed,
Israel); the First Access in Shock and Trauma (FAST1) (Pyng Medical Corporation, Richmond, Canada); and
the EZ-10 (Vidacare, San Antonio, USA), which uses a battery- powered driver (similar to a hand-held drill)
to place the specially designed needle [1,2]. Humeral placement is now the preferred site of access secondary
to quick line placement and higher achievable flow rates compared to tibial access [1,4,5]. High pressures are
needed to infuse through IO 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
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up to 5 ml/sec (max PSI of 300) [4,6-9]. 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 IO access. A
few small studies have looked at different lidocaine algorithms to minimize the pain of infusion [1,5,10]. One
suggested pretreatment reported from a single institution with the EZ-IO 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 [4]. 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.

Revision History

21 December 2017: Minor revision
10 June 2016: Major revision

29 October 2008: Major revisions
8 March 2004 (First version)
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Extravasation Bullet Points and Recommendations with Associated Strength of Evidence

Below is a summary of the recommendations related to contrast extravasation and the associated strength of
evidence for those recommendations using the ACR Appropriateness Criteria® Methodology.
Frequency
e 0.1-1.2% of CT injections result in extravasations [1-9].
e Most extravasations resolve without complication [6, 7, 11, 13, 14]; severe extravasation injuries,
including compartment syndrome (most common [11]) and skin ulceration / necrosis, are very rare
(<<1% of extravasations) [7, 8, 11].

Risks

e Extravasations and severe extravasation injuries are more common in patients who 1) are uncommunicative,
2) have altered circulation in the injected extremity, 3) have had radiation of the injected extremity, or 4) are
injected in the hand, foot, or ankle [1, 32].

e Extravasations are also more common in patients injected with more viscous contrast material [6, 8, 35].

e The risk of extravasation can be minimized by 1) using angiocatheters rather than butterfly needles, 2)
performing meticulous intravenous catheter insertion technique (confirming intravenous location by
aspirating blood through an inserted catheter and flushing the inserted catheter with a test injection), 3) and
carefully securing an inserted catheter [41].

Evaluation and treatment

e A health care provider should examine any patient in whom a contrast-media extravasation occurs;
physical examination should include assessment of tenderness, swelling, erythema, paresthesia, active
and passive range of finger motion, and perfusion [22].

e There is no known effective treatment for contrast medium extravasation, although initial steps
should include elevation of the affected extremity above the level or the heart [22, 24], and use of cold
or warm compresses [22-25]. No medical interventions have been deemed helpful [15, 22, 28, 29].

¢ Since severe extravasation injuries can develop slowly (up to hours after an extravasation), all
discharged outpatients should be given clear instructions concerning where and when to seek
additional medical care (including for worsening pain, development of paresthesia, diminished range
of motion, and new skin ulceration or blistering) [22].

e Surgical consultation should be obtained whenever there is concern for a severe extravasation injury
[11, 22]; this can be suspected if the patient develops severe pain, progressive swelling or pain,
decreased capillary refill, change in sensation, worsening active or passive range of motion in the
elbow, wrist, or fingers, or skin ulceration or blistering [17]; reliance on an extravasation volume
threshold to trigger surgical consultation is not recommended [11, 13, 18].

Power-injection through central venous catheters and peripherally inserted central catheters (PICCs)
e Contrast material can only be power-injected into central venous catheters [38] or PICCs [39] if these
catheters have been certified for such use, with the flow-rate limit provided. All manufacturer
recommendations should be followed.

Gadolinium-based contrast media
e Extravasation injuries after injection of gadolinium-based contrast media are much less common than those
seen after injection of iodinated contrast material [20], likely due, in part, to less toxicity [21] and the low
volumes of gadolinium-based contrast media that are injected.
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Summary Questions and Answers
(Study Quality = SQ)

Question 1. What actions can be performed to minimize the likelihood of an extravasation?
Recommendation 1: Extravasation risk is minimized by 1) using angiocatheters over butterflies, 2) performing
meticulous intravenous insertion technique (confirming intravenous location by aspirating blood through an inserted

catheter and flushing the inserted catheter with a test injection), 3) and carefully securing an inserted catheter.

Strength of evidence: Limited 1

Reference # Original SQ Reassessed SQ Final SQ
41 2 - 2

Question 2: What risk factors should clinicians take into consideration in determining the likelihood of a
contrast extravasation?

Recommendation 1: Clinicians should consider patient related factors such as history of altered circulation in the
injected extremity, prior radiation to the injected extremity, or uncommunicative patients.

Strength of evidence: Limited 1

Reference # Original SQ Reassessed SQ Final SQ
1 2 - 2
32 4 - 4

Recommendation 2: Clinicians should consider contrast and injection parameters such as viscosity of contrast
material and location of injection other than non-antecubital fossa regions (such as hand, foot, and ankle more at
risk)

Strength of evidence: Viscosity = Strong 3

Reference # Original SQ Reassessed SQ Final SQ

6 2 - 2

8 2 - 2

35 2 - 2

Strength of evidence: Location of injection = Strong 3

Reference # Original SQ Reassessed SQ Final SQ

1 2 - 2

20 4 - 4

36 2 - 2
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Question 3: How should clinicians evaluate patients for potential contrast extravasation?

Recommendation 1: Clinicians should do a physical exam of the affected extremity to evaluate for tenderness,

swelling, erythema, paresthesia, active and passive range of finger motion, and perfusion.

Strength of evidence: Limited 3

Reference # Original SQ Reassessed SQ Final SQ
22 4 - 4
Question 4: How should contrast extravasations be treated?
Recommendation 1: Elevation of the affected extremity above the heart.
Strength of evidence: Limited 3
Reference # Original SQ Reassessed SQ Final SQ
22 4 - 4
24 4 - 4

Recommendation 2: Cold compresses or ice packs should initially be applied to the extravasation site (rather than

warm compresses)

Strength of evidence: Limited 1

Reference # Original SQ Reassessed SQ Final SQ
22 4 - 4
23 Inadequate - Inadequate
24 4 - 4
25 1 - 1

Recommendation 3: Routine use of hyaluronidase or corticosteroid injections or aspiration of the affected limb is

not recommended.

Strength of evidence: Limited 1

Reference # Original SQ Reassessed SQ Final SQ
15 4 4 4
22 4 - 4
28 4 - 4
29 2 - 2

Recommendation 4: All discharged outpatients should be given clear instructions concerning where and when to
seek additional medical care (including for worsening pain, development of paresthesia, diminished range of motion,
and new skin ulceration or blistering) as severe extravasation could develop several hours later.

Strength of evidence: Limited 3

Reference # Original SQ Reassessed SQ Final SQ
11 4 3 3
22 4 - 4
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Question 5: When should surgical consultation be placed?

Recommendation 1: Surgical consultation should not be routinely requested based on volume alone.

Strength of evidence: Strong 3

Reference # Original SQ Reassessed SQ Final SQ
11 4 3 3
13 4 4 4
18 1 - 1
14 2 - 2

Recommendation 2: Surgical consultation should be requested whenever there is concern for a severe extravasation

injury; this can be suspected if the patient develops severe pain, progressive swelling or pain, decreased capillary
refill, change in sensation, worsening active or passive range of motion in the elbow, wrist, or fingers, or skin

ulceration or blistering.

Strength of evidence: Limited 3

Reference # Original SQ Reassessed SQ Final SQ
11 4 3 3
22 4 - 4

Question 6: Can automated (power) injectors be utilized for injections in central venous or PICC lines?

Recommendation 1: Use central venous catheter to power inject contrast or PICCs if the catheters have been
certified for such use, with the flow-rate limit provided. All manufacturer recommendations should be followed.

Strength of evidence: Limited 1

Reference # Original SQ Reassessed SQ Final SQ
38 2 - 2
39 4 - 4

Question 7: What is the extravasation risk from injection of gadolinium-based contrast media?

Recommendation 1: Extravasation injuries are extremely unlikely during gadolinium-based contrast media
injection, likely due to lower toxicity than iodinated contrast agents and lower total volumes of injected contrast

media.

Strength of evidence: Limited 3

Reference # Original SQ Reassessed SQ Final SQ
20 4 - 4
21 4 - 4
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Frequency

The reported incidence of intravenous (IV) contrast media extravasation in adults and children related to power
injection for CT has ranged from 0.1% to 1.2% [52-60] (1/1,000 patients to 1/83 patients). Extravasation can also
occur during hand injections. Extravasations may occur at both low and high flow rates [61]. Extravasation
occurring with dynamic bolus CT may involve large volumes of contrast media [62].

Initial Signs and Symptoms

Most extravasations are limited to the immediately adjacent soft tissues (typically the skin and subcutaneous
tissues).

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 [62,63]. On physical examination, the extravasation site may
be edematous, erythematous, and tender [62].

Extravasation of lodinated Contrast Material

In most patients, initial swelling and tenderness resolves within hours to days after the extravasation. The vast
majority of patients in whom extravasations occur recover without clinically important sequelae [57,58,62,64,65].
However, in some patients, extravasated iodinated contrast media can result in injury to surrounding tissues,
particularly the skin, producing an acute local inflammatory response that peaks at 24 to 48 hours [66]. Most of
the time there are no lasting complications. Only rarely will a low-osmolality contrast media (LOCM)
extravasation injury proceed to a severe adverse event [62]. Acute tissue injury resulting from extravasation of
iodinated contrast media is probably related at least in part to its hyperosmolality [67,68].

Several large series have illustrated the infrequency of severe injuries after LOCM extravasation. In one single
institutional study, all 321 extravasation injuries were mild [59]. In another single institutional study [62], 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. In a third study, utilizing a practice quality
improvement database established by the American College of Radiology [58] only six of 1,085 reported
extravasations resulted in severe injuries, and only one patient required surgical intervention.

The most commonly reported severe injury after LOCM extravasation is compartment syndrome [62].
Compartment syndrome results from mechanical compression and is probably more likely to occur after
extravasation of larger volumes of contrast media; however, it also has been observed after extravasation of small
volumes, especially when these occur in less capacious areas (such as over the ventral or dorsal surfaces of the
wrist) [62]. Compartment syndrome may develop soon after an extravasation [62] or result from swelling that
sometimes occurs hours after the extravasation [69].

Less commonly encountered severe injuries include skin ulceration and tissue necrosis [70]. These can occur
within hours or days of the extravasation event.

Extravasation of Gadolinium Based Contrast Media

Extravasation of gadolinium-based contrast media is less common (i.e., approximately one-sixth as often) than
iodinated contrast media [71]. The difference is likely the due to much lower volumes of administered gadolinium-
based contrast media for most clinical indications. Additionally, on a cc to cc basis, gadolinium-based contrast
media may also have less toxicity than iodinated contrast agents [72].
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Evaluation of Patients in Whom Extravasations Occur

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,
paresthesia, active and passive range of motion of the fingers, and perfusion [73].

Treatment

Studies evaluating potential treatments of extravasation injuries are generally of low quality [74]. Given the
absence of any studies demonstrating definite efficacy of any specific treatment regimen, the optimum treatment
of extravasation events has not been determined. Our limited guidance is to suggest treatments that have a low risk
of harm, but that might have some efficacy.

Extravasations that resolve rapidly probably need no treatment other than brief observation and discharge
instructions (see section entitled Discharging Patients in Whom Extravasations Occur, below). More symptomatic
extravasations may be treated with extremity elevation above the level of the heart (to decrease capillary
hydrostatic pressure and thereby promote resorption of extravasated fluid [22, 24]) and either warm or cold
compresses that an outpatient may continue intermittently at home until symptoms resolve, along with discharge
instructions, or may be continued on the wards for inpatients. Controlled studies demonstrating the efficacy of
these interventions are lacking, however [25]. There is no clear evidence favoring the use of warm over cold
compresses or vice versa [75]. Some surgeons empirically recommend initial use of cold compresses to promote
vasoconstriction and diminish inflowing blood and swelling [73,76].

Severe cases in which there is concern for neurologic or vascular compromise or skin ulceration and necrosis
require surgical consultation to assess the need for operative management (see next section).

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 [73,77]. When such attempts are made,
usually little or no extravasated contrast material can be successfully aspirated. Therefore, aspiration is not
recommended.

Some have suggested that the extravasation site can be treated by performing multiple punctures around the
extravasation site and then manually squeezing the site [78,79]; however, the effectiveness of this approach has
not been validated and it is not recommended.

Topical application of silver sulfadiazine ointment and steroid cream three to four times daily has been
recommended by some as an approach to soothe irritated skin, reduce inflammation, and to prevent infection
should any blistering occur, although the efficacy of this treatment is unknown [63].

There is no consistent evidence that local injection of potentially therapeutic agents, such as corticosteroids or
hyalurinidase is beneficial [66,80,81]. 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 [82-84]. However, no adequate studies confirm efficacy of hyaluronidase
after contrast media extravasation [79]. Therefore, use of hyaluronidase for the management of contrast material
extravasation is not recommended [73].

Surgical Consultation

Urgent surgical consultation should be obtained whenever there is concern for a severe extravasation injury
[11,22]. Although consultation can prolong length of stay (eg, by 2.5 hours in one ED population [14]), it