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Foreword

These guidelines have been developed by an intercollegiate working party of health professionals
from The Renal Association, The Royal College of Radiologists and The British Cardiovascular
Intervention Society to outline what is considered best practice for the administration of
intravascular iodinated contrast agents to adults. We would like to thank the authors, Dr Andrew
Lewington, Dr Robert MacTier, Dr Richard Hoefield, Dr Mark Downes, Dr Andrew Sutton and
Dr David Smith.

These joint guidelines have been developed with direct input from The Royal College of
Radiologists to ensure compliance with the RCR Standards for intravascular contrast agent
administration to adult patients, Second edition.

Please note at the time of publication, NICE (The National Institute for Health and Clinical
Excellence) are in the process of developing national clinical guidelines on acute kidney injury at
present, which are due for publication in August 2013.

Introduction

The use of intravascular iodinated contrast agents has continued to increase over recent years. It
is recognised that there are potential risks associated with the intravascular administration of
iodinated contrast agents. It is, therefore, essential for the safe administration of iodinated
contrast media, that those persons administering iodinated contrast media and those performing
the imaging procedures have an understanding of the indications for use of iodinated contrast
media as well as the potential side effects and their management.

We would encourage practitioners, wherever practicable, to adopt the current trend towards
reduced doses of intravenous iodinated contrast media due to the benefit of modern dual-head
pumps and fast CT scanners. At the time of publishing these guidelines, investigations into the
potential of low-kVp, low iodinated contrast dose CT technique, were in progress.

These guidelines address the issues associated with administering iodinated contrast agents
to adult patients only. For children and neonates a paediatric radiologist should be
consulted.
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1. Definition and Staging of Contrast Induced Acute Kidney Injury
(CI-AKI)

Guideline 1.1 — Definition and Staging of CI-AKI
We suggest that the international Kidney Disease: Improving Global Outcomes (KDIGO) definition of
contrast induced - acute kidney injury (CI-AKI) should be adopted. (Not Graded)

Contrast induced - acute kidney injury is defined when one of the following criteria is met
e Serum creatinine rises by > 26umol/L within 48 hours or
e Serum creatinine rises > 1.5 fold from the baseline value, which is known or presumed to have
occurred within one week or
e urine output is < 0.5ml/kg/hr for >6 consecutive hours

If a baseline serum creatinine is not available within 1 week the lowest serum creatinine value recorded
within 3 months of the episode of AKI can be used

If a baseline serum creatinine value is not available within 3 months and AKI is suspected
e repeat serum creatinine within 24 hours
o a reference serum creatinine value can be estimated from the nadir serum creatinine value if
patient recovers from AKI

Rationale

Acute kidney injury following receipt of iodinated contrast (CI-AKI) has previously been referred to as
contrast induced nephropathy (CIN) defined as a rise in serum creatinine by 25% or 44pumol/L from the
baseline value. It is uncommon in the general population, with an incidence of 1-2%, and occurs within 72
hours of receiving contrast media, usually recovering over the following five days.® It is important to
exclude other causes of AKI as small rises in serum creatinine have been demonstrated to occur in 8-35%
of patients admitted to hospital without exposure to contrast media.? Its incidence increases significantly in
patients with risk factors and is associated with increased mortality.>

The adoption of the Kidney Disease: Improving Global Outcomes (KDIGO) international guideline
definition will provide the opportunity to standardise the nomenclature used to define AKI and stage its
severity.” The definition will rely predominantly on rises in serum creatinine rather than reductions in urine
output in a phenomenon that is rarely oliguric in nature. A universal definition will allow the collection of
epidemiological data and the standardisation of future research on the prevention and treatment of CI-AKI.
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Guideline 1.2 — Definition and Staging of CI-AKI
We suggest that the international Kidney Disease: Improving Global Outcomes (KDIGO) staging
classification* of acute kidney injury (AKI) should be adopted. (Not Graded)
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Stage [Serum creatinine (Cr) criteria Urine output criteria

1 increase > 26 pmol/L within 48hrs or <0.5 mL/kg/hr for > 6 consecutive
increase >1.5- to 1.9 X baseline Cr hrs

2 increase > 2 to 2.9 X baseline Cr <0.5 mL/kg/ hr for > 12 hrs
increase >3 X baseline Cr or

3 * increase L4354 pmol/L or <0.3 mL/kg/ hr for > 24 hrs or
commenced on renal replacement therapy (RRT)fanuria for 12 hrs
irrespective of stage

* must have met initial criteria for definition of AKI
Audit measure
1. Incidence and severity of patients developing contrast induced AKI (CI-AKI)

Rationale

The application of both the Acute Dialysis Quality Initiative (ADQI) RIFLE and Acute Kidney Injury
Network (AKIN) staging systems to patient populations have demonstrated that as the stage of AKI
increases so does the risk of mortality.” Acute kidney injury staging can be performed using serum
creatinine or urine output criteria (Table 1). Patients should be staged according to whichever criteria
(serum creatinine or urine output) gives them the highest stage and only after they have been identified as
meeting the criteria for the definition of AKI.
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2. Risk Assessment for Contrast Induced Acute Kidney Injury (ClI-
AKI)

Guideline 2.1 — Risk Assessment for CI-AKI

We suggest that prior to any imaging using iodinated contrast media baseline kidney function and presence
of other risk factors for CI-AKI should be identified. The exception to this is when the benefit of very early
imaging outweighs the risk of delaying the procedure. (Not Graded)

Guideline 2.2 — Risk Assessment for CI-AKI
We suggest that estimated glomerular filtration rate (eGFR) should only be used to assess kidney function
in stable outpatients. (Not Graded)

Guideline 2.3 — Risk Assessment for CI-AKI
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We suggest that serum creatinine is used to assess kidney function in acutely ill patients or patients with
acute kidney injury. All such patients should be considered as at increased risk of CI-AKI. (Not Graded)

Guideline 2.4 — Risk Assessment for CI-AKI

We suggest that patients identified to be at high risk of CI-AKI may be discussed with a renal physician to
assess whether the potential benefit from the iodinated constrast study outweighs the increased risk of ClI-
AKI. (Not Graded)

Audit measure

1. Proportion of patients developing contrast induced AKI (CI-AKI) who did not have baseline kidney
function assessed

Rationale

The risk of CI-AKI is low in patients with normal kidney function, estimated at 1-2% even in patients with
diabetes.! However prior exposure to iodinated contrast media has been identified as the third most
common aetiogical factor for AKI in hospital after renal hypoperfusion and nephrotoxic medication.? The
risk of CI-AKI has been reported to be as high as 25% in patients with a combination of chronic kidney
disease (CKD) and diabetes, cardiac failure, older age and exposure to nephrotoxic drugs.® The CI-AKI
Consensus Working Panel has recommended that the risk of CI-AKI becomes clinically important with an
eGFR < 60 mls/min/1.73m?.* Acutely ill patients with sepsis and/or hypotension are particularly vulnerable
to injury following iodinated contrast exposure. There is a general consensus that the risk of CI-AKI is
higher after arterial compared to venous administration of iodinated contrast media although this has not
been proven convincingly.

Risk factors for patients developing CI-AKI include
e chronic kidney disease (CKD) eGFR < 60 mls/min/1.73m?
e older age (> 75 years old)

e cardiac failure
e nephrotoxic medication
o aminoglycosides
o NSAIDs
o Amphotericin B
e hypovolaemia
e  sepsis
e volume (dose) of contrast

e intra-arterial administration

It should be appreciated that often a number of these risk factors will be present together in a patient, and
that there is currently no validated CI-AKI risk assessment available to recommend. The use of the
estimated glomerular filtration rate (eGFR) to quantify kidney function should only be applied to patients
with stable kidney function and should not be used in patients with AKI. Patients identified as at high risk
of CI-AKI may be discussed with a renal physician to assess the individual risk/benefit associated with a
specific contrast procedure. In some patients the risk of CI-AKI is outweighed by the potential benefit from
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the contrast study. It is recommended that these risks are explained to the patient in the context of the
potential benefit of proceeding with the study. Imaging should not be delayed where the benefit of early
imaging clearly outweighs the risk of waiting.
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3. Strategies to Prevent Contrast Induced Acute Kidney Injury (ClI-
AKIl)

Guideline 3.1 — Strategies to Prevent CI-AKI
We suggest that unenhanced scanning or alternative imaging techniques should be considered in patients
with risk factors for developing CI-AKI. (Not Graded)

Guideline 3.2 — Strategies to Prevent CI-AKI
We recommend intravenous volume expansion with 0.9% sodium chloride or isotonic sodium bicarbonate
in patients identified as at high risk of CI-AKI (Grade 1A)

Guideline 3.3 — Strategies to Prevent CI-AKI
We suggest that the lowest possible volume of a low or iso-osmolar iodinated contrast medium should be
used in patients with risk factors for developing CI-AKI. (Not Graded)

Guideline 3.4 — Strategies to Prevent CI-AKI
We recommend that there is no convincing benefit for prescribing oral or intravenous N-acetylcysteine or
any other pharmacological agents to prevent CI-AKI. (Grade 2D)

Audit measure

e Proportion of patients receiving iodinated contrast that did not have risk factors for contrast
induced AKI (CI-AKI) assessed

Rationale

Contrast induced - AKI results from a combination of afferent arteriolar vasoconstriction and direct toxicity
of the contrast media to the tubular epithelial cells. Prevention is important as there is no specific treatment
and involves identification of patients at increased risk of CI-AKI." It should also be considered whether
alternative imaging could be utilised such as ultrasound or whether carbon dioxide can be used to reduce
the amount of iodinated contrast agent required.

Magnetic resonance angiography (MRA) may be considered as an alternative but the use of gadolinium
(Gd) in MRA is associated with the risk of developing Nephrogenic Systemic Fibrosis (NSF). Nephrogenic
Systemic Fibrosis is a severe fibrosis of the skin resulting in extensive limitation in mobility. The condition
has been reported rarely in patients usually with dialysis requiring CKD or AKI who have received Gd-

[Type text] Page 7


http://www.ncbi.nlm.nih.gov/pubmed?term=%22Nash%20K%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Hafeez%20A%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Hou%20S%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=Nash%20and%20acute%20renal%20failure%20and%202002##
http://www.ncbi.nlm.nih.gov/pubmed/16949377

containing contrast agents. The European Society of Urogenital Radiology has produced NSF guidelines
with further advice issued from the European Medicines Agency.®*

Potentially nephrotoxic medications such as non-steroidal anti-inflammatory drugs and aminoglycosides
should be withheld or avoided. Currently there is insufficient evidence to support the routine
discontinuation of angiotensin-converting enzyme inhibitors (ACE-I) or angiotensin receptor blockers
(ARBs) in stable outpatients.” However in acutely ill patients at an increased risk of developing AKI it is
suggested that withholding ACE-I and ARBs should be considered on an individual patient basis.

Metformin is not nephrotoxic but is exclusively excreted via the kidneys. Therefore patients on metformin
who develop AKI following contrast are at risk of developing lactic acidosis due to the accumulation of the
drug. The Royal College of Radiologists recommends that there is no need to stop metformin after
receiving iodinated contrast if the serum creatinine is within the normal range and/or eGFR > 60
ml/min/1.73m% If serum creatinine is above the normal reference range or eGFR is < 60 ml/min/1.73m?
any decision to stop it for 48 hours should be made in consultation with the referring clinician.®

Acutely ill patients and patients who are identified at high risk of CI-AKI should have an assessment of
their volume status and receive appropriate volume expansion prior to the procedure. Intravenous 0.9%
sodium chloride at a rate of 1 mL/kg/hour for 12 hours pre- and post- procedure has been shown to be more
effective than 0.45% sodium chloride in reducing CI-AKI.” More recently it has been demonstrated that
intravenous isotonic sodium bicarbonate significantly reduces the risk of CI-AKI.%° Subsequently there
have been a number of studies that have compared intravenous isotonic sodium bicarbonate to intravenous
0.9% sodium chloride.’®** Systematic reviews and meta-analyses have provided conflicting conclusions
and have recognised a significant degree of heterogeneity and publication bias. It is currently recommended
that either intravenous 0.9% sodium chloride or isotonic sodium bicarbonate should be used for volume
expansion in patients at risk of CI-AKI. ***3_ Oral volume expansion has not been shown to be as effective
as intravenous volume expansion.

It is generally accepted that high osmolar contrast media should be avoided in patients at risk of CI-AKI.*
More controversial is the debate regarding whether iso-osmolar contrast media is safer than low-osmolar
contrast media in patients at risk of CI-AKI. Currently there is only one type of iso-osmolar media which
has failed to demonstrate any clear benefit compared to different low-osmolar media in preventing CI-AKI
5 There is a need for better designed head to head studies between the different contrast media to allow
any clear recommendations in the future.

The volume of contrast media should be minimised and further exposure to contrast media should be
delayed until full recovery of renal function unless absolutely necessary.** Renal function should be
checked up to 48-72 hours following the procedure in a high risk group to ensure stable renal function.

Following the seminal paper demonstrating the beneficial effects of N-acetylcysteine in preventing CI-AKI
there has been a multitude of publications which have been subject to a number of meta-analyses.'” These
meta-analyses have commented on the heterogeneity of the studies making a definitive conclusion difficult.
1819 Most recently a large randomized trial found that acetylcysteine does not reduce the risk of contrast-
induced acute kidney injury or other clinically relevant outcomes in at-risk patients undergoing coronary
and peripheral vascular angiography.?’ Currently there is no compelling evidence for the routine use of N-
acetylcysteine to prevent CI-AKI.

References

1. Stacul F, Adam A, Becker CR, et al. Strategies to reduce the risk of contrast-induced nephropathy. Am
J Cardiol 2006; 98, 59K-77K

2. Shaw DR, Kessel DO. The current status of the use of carbon dioxide in diagnostic and interventional
angiographic procedures. Cardiovasc Intervent Radiol 2006; 29: 323-331

3. http://www.esur.org/Nephrogenic_Fibrosis.39.0.html

[Type text] Page 8



4. http://www.esur.org/fileadmin/News/EMEA 091120 2.pdf

5. Rosenstock JL, Bruno R, Kim JK, Lubarsky L, Schaller R, Panagopoulos G, DeVita MV, Michelis MF.
The effect of withdrawal of ACE inhibitors or angiotensin receptor blockers prior to coronary angiography
on the incidence of contrast-induced nephropathy. Int Urol Nephrol. 2008;40(3):749-55.

6. Standards for intravascular contrast agent administration to adult patients, Second edition. London: The
Royal College of Radiologists www.rcr.ac.uk/docs/radiology/pdf/BFCR(10)4_Stand_contrast.pdf

7. Mueller C, Buerkle G, Buettner HJ, et al. Prevention of contrast media associated nephropathy:
randomised comparison of 2 hydration regimens in 1620 patients undergoing coronary angioplasty. Arch
Intern Med 2002; 162: 329-336

8. Merten GJ, Burgess WP, Gray LV, et al. Prevention of contrast induced nephropathy with sodium
bicarbonate: a randomized controlled trial. JAMA 2004; 291: 2328-2334

9. Zoungas S, Ninomiya T, Huxley R, Cass A, Jardine M, Gallagher M, Patel A, Vasheghani-Farahani A,
Sadigh G, Perkovic V. Systematic review: sodium bicarbonate treatment regimens for the prevention of
contrast-induced nephropathy. Ann Intern Med. 2009 Nov 3;151(9):631-8

10. Adolph E, Holdt-Lehmann B, Chatterjee T, Paschka S, Prott A, Schneider H, Koerber T, Ince H,
Steiner M, Schuff-Werner P, Nienaber CA. Renal Insufficiency Following Radiocontrast Exposure Trial
(REINFORCE): a randomized comparison of sodium bicarbonate versus sodium chloride hydration for the
prevention of contrast-induced nephropathy. Coron Artery Dis. 2008 Sep;19(6):413-9

11. Ozcan EE, Guneri S, Akdeniz B, Akyildiz 1Z, Senaslan O, Baris N, Aslan O, Badak O. Sodium
bicarbonate, N-acetylcysteine, and saline for prevention of radiocontrast-induced nephropathy. A
comparison of 3 regimens for protecting contrast-induced nephropathy in patients undergoing coronary
procedures. A single-center prospective controlled trial. Am Heart J. 2007 Sep;154(3):539-44

12. Hoste EA, De Waele JJ, Gevaert SA, Uchino S, Kellum JA. Sodium bicarbonate for prevention of
contrast-induced acute kidney injury: a systematic review and meta-analysis.Nephrol Dial Transplant. 2010
Mar;25(3):747-58

13. Brar SS, Hiremath S, Dangas G, Mehran R, Brar SK, Leon MB. Sodium bicarbonate for the prevention
of contrast induced-acute kidney injury: a systematic review and meta-analysis. Clin J Am Soc Nephrol.
2009 Oct;4(10):1584-92

14. Barrett BJ, Carlisle EJ. Meta-analysis of the relative nephrotoxicity of high-and low-osmolality
iodinated contrast media. Radiology 1993; 188:171-178

15. Heinrich MC, Haberle L, Muller V, Bautz W, Uder M. Nephrotoxicity of iso-osmolar iodixanol
compared with nonionic low-osmolar contrast media: meta-analysis of randomized controlled trials.
Radiology. 2009 Jan;250(1):68-86

16. Cigarroa RG, Lange RA, Williams RH, Hillis LD. Dosing of contrast material to prevent contrast
nephropathy in patients with renal disease. Am J Med. 1989 Jun;86(6 Pt 1):649-52

17. Tepel M, van der Giet M, Schwarzfeld C, Laufer U, Liermann D, Zidek W. Prevention of radiographic-
contrast-agent-induced reductions in renal function by acetylcysteine. N Engl J Med. 2000 Jul
20;343(3):180-4.

18. Kshirsagar AV, Poole C, Mottl A et al. N-acetylsysteine for the prevention of radio contrast induced
nephropathy: a meta-analysis of prospective controlled trials. J Am Soc Nephrol 2004; 15: 761-769

19. Nallamothu BK, Shojania KG, Saint et al. Is N-acetylsysteine effective in preventing contrast-related
nephropathy? A meta-analysis. Am J Med 2004; 117: 938-947

20. ACT Investigators. Acetylcysteine for prevention of renal outcomes in patients undergoing coronary
and peripheral vascular angiography: main results from the randomized Acetylcysteine for Contrast-
induced nephropathy Trial (ACT).Circulation. 2011 Sep 13;124(11):1250-9. Epub 2011 Aug 22.

[Type text] Page 9



