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Intravascular iodinated contrast agents used in 
radiographic imaging studies are an essential 
part of the clinical management of many patient 

conditions, and millions of contrast doses are ad-
ministered safely in North America each year.1, 2 Yet 
contrast agents can cause adverse effects in some 
patients, including acute kidney injury (AKI).1, 2 The 

terms contrast-induced AKI (CI-AKI) and contrast-
induced nephropathy are used interchangeably; both 
refer to the adverse effects that can occur as the re-
sult of administering contrast agents. CI-AKI increases 
health care costs and adversely affects patient morbid-
ities and quality of life. The National Kidney Founda-
tion estimates that, depending on the definition used 
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Prophylactic strategies need to be considered 
in order to protect the kidneys and prevent injury. 
The aims of this article are to discuss the epidemiol-
ogy, complications, and clinical effects of CI-AKI; 
screening methods to identify at-risk patients; early 
diagnosis of CI-AKI complications; and nursing 
implications related to prevention and patient edu-
cation. 

CI-AKI
Epidemiology. CI-AKI, the third most common 
hospital-acquired AKI, occurs after the administra-
tion of an intravascular iodinated contrast agent 
and is not attributable to other causes.3 The clinical 
practice guidelines issued in 2012 by Kidney Dis-
ease: Improving Global Outcomes (KDIGO) defines 
AKI as any of the following6:
•	 an increase in serum creatinine greater than or 

equal to 0.3 mg/dL within 48 hours, or
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and the population studied, between 5% and 40% 
of patients who receive contrast agents develop 
CI-AKI.3 

CI-AKI is usually a transient and reversible form of 
acute renal failure; in most cases, symptoms such as ol-
iguria are not present, and kidney function normalizes 
within one to three weeks. However, there is currently 
no available treatment to reverse structural damage 
when a severe reaction occurs; patients with risk fac-
tors such as diabetes may sustain permanent damage. 
In those cases, supportive treatment, including careful 
fluid and electrolyte management, renal replacement 
or hemofiltration therapy, and renal dialysis, may be 
needed to restore kidney function.3-5 The cumulative ef-
fect of multiple contrast agent administrations is also a 
concern. Normal kidneys take approximately 20 hours 
to clear the contrast agent; therefore guidelines recom-
mend avoiding dosing intervals of less than 24 hours 
to reduce the incidence of CI-AKI.2 

Figure 1. The Kidney and the Nephron

A cross-section of the kidney is shown, with a more detailed view of the nephron, the kidney’s basic structural and 
functional unit. Contrast agents can cause tubular cell necrosis. They also increase blood viscosity, stiffen red blood 
cells, and cause prolonged vasoconstriction in the kidney; all of these injure the kidney by reducing blood flow and 
oxygen delivery. Image by Photo Researchers, Inc / Alamy Stock Photo.
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•	 an increase in serum creatinine to 1.5 times the 
baseline that is known or presumed to have 
occurred in the past seven days, or 

•	 a urine volume of less than 0.5 mL/kg/hr for six 
hours 
Serum creatinine typically starts to rise in the first 

24 to 72 hours after exposure to the contrast agent, 
peaks in two to five days, and returns to baseline in 
seven to 14 days.3 CI-AKI manifests most commonly 
as an asymptomatic, nonoliguric acute kidney fail-
ure.7 Although rare, some patients may progress to 
serious kidney impairment with oliguria (a 24-hour 
urine volume of less than 400 mL in adults), requir-
ing hospitalization and supportive treatment. A Eu-
ropean Renal Best Practice position statement on the 
2012 KDIGO clinical practice guidelines noted that 
“even mild, reversible AKI conveys the risk of persis-
tent tissue damage, and severe AKI can be accompa-
nied by an irreversible decline of kidney function and 
progression to end-stage kidney failure.”8 

In the general population of patients with normal 
kidney function who receive iv contrast-enhanced 
radiographic imaging scans, the risk of developing 
CI-AKI is low.9 According to a 2013 meta-analysis by 
Moos and colleagues, the overall incidence of CI-AKI 
is 5%, and it’s associated with preexisting kidney im-
pairment, diabetes, presence of malignancy, advanced 
age, and chronic use of nonsteroidal antiinflamma-
tory drugs (NSAIDs).10 However, when focused spe-
cifically on high-risk patients, including those with 
preexisting kidney impairment and diabetes, the inci-
dence of CI-AKI can be as high as 40%.10-13 CI-AKI 
is responsible for one out of six critical care patients 
experiencing decreased kidney function, prolonged 
hospital length of stay, or need for dialysis due to io-
dinated contrast exposure.14 CI-AKI can occur in as 
many as 10% of ambulatory patients who receive a 
contrast agent.15 Dangas and colleagues reported an 
increase of hospital-related costs as a result of CI-AKI–
related admission, increased length of stay, and mor-
tality.16 

Intravascular iodinated contrast agents can be 
administered by iv and intraarterial routes. In the 

literature, coronary angiography and percutaneous 
coronary interventions were the procedures most of-
ten associated with CI-AKI.6, 17 Coronary angiography 
differs from more routine procedures using a contrast 
agent in three ways: the contrast is administered by 
the intraarterial route; the injection requires a catheter 
procedure that can dislodge atheroemboli; and the con-
trast dose is highly concentrated and delivered more 
abruptly.2 The route of administration is a key risk fac-
tor, as contrast agents tend to be more toxic when ad-
ministered intraarterially. In the 1960s and 1970s, 
reports of CI-AKI resulting from angiography and 
other procedures involving intraarterial administra-
tion contributed to an overestimation of the risk of 
CI-AKI when the contrast agent is administered in-
travenously.9, 18 All of these factors contribute to the 
lack of a standard definition and universally accepted 
prevention guidelines for CI-AKI.9 

Pathophysiology. Researchers have identified a 
variety of mechanisms underlying CI-AKI.7 At the 

moment of contact, contrast agents cause initial va-
sodilation followed by prolonged vasoconstriction in 
the kidney.19 Vasoconstriction injures the kidney by 
reducing blood flow and oxygen delivery, resulting 
in both stasis of the contrast agent in the renal vas-
culature and medullary ischemia.20 Contrast agents 
cause direct tubular toxicity and cell necrosis21; they 
also increase blood viscosity and decrease red cell 
deformability, further reducing blood flow.22 The fre-
quency of administration and length of exposure 
of the contrast agent in the kidney vasculature is 
thought to have a direct influence on the develop-
ment of CI-AKI.23 

PATIENT- AND PROCEDURE-RELATED RISK
For any given patient, the likelihood of developing 
CI-AKI depends on the severity of preexisting kidney 
impairment and is mediated by procedure-related 
factors and the characteristics of the contrast agents 
themselves.19 Not all patients have the same vulnera-
bility for developing AKI after receiving a contrast 
agent.10 According to Dangas and colleagues, the most 
important patient-related risk factor is preexisting 

For any given patient, the likelihood of developing CI-AKI 

depends on the severity of preexisting kidney impairment and 

is mediated by procedure-related factors and the characteristics 

of the contrast agents themselves.
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kidney disease.16 According to Moos and colleagues, 
the most important risk factors are renal insuffi-
ciency, diabetes, age greater than 65 years, and use 
of NSAIDs.10

Factors that can increase procedure-related risks 
include the use of high-osmolality contrast agents, 
larger doses of contrast agents, and repeated doses of 
contrast agents given within a short time.2, 24 (Osmo-
lality refers to the concentration of a solution, such 
as a contrast agent, expressed as the total number of 
solute particles [osmoles] per kilogram of solution.25) 
High-osmolality intravascular contrast agents con-
tain a greater proportion of iodine, an element that 
enhances the radiopaqueness of vascular structures, 
organs, and other soft tissue.25, 26 Contrast agents that 
have a higher osmolality than that of blood are known 
as hyperosmolar; they can cause shifts of both solute 
and water in organs, especially the kidneys, which 
can lead to greater nephrotoxic reactions and risk 
of CI-AKI.14 Contrast agents can also be classified 
as ionic (containing charged molecules) or nonionic; 
ionic contrast agents, available since the 1950s, usu-
ally have a higher osmolality and are associated with 
more frequent and severe adverse reactions.14, 27, 28 Non-
ionic agents, introduced in the 1980s, are of lower 
osmolality, greatly reducing the risk of CI-AKI.14, 21 
Contrast agents that are nonionic and iso-osmolar 
(having approximately the same osmolality as hu-
man blood) have been developed; while they cause 
less fluid shifting in the kidneys, they are expensive, 
so they’re not used universally.14, 29 Currently, most 
institutions use the nonionic, low-osmolality iodin-
ated contrast agents; however, the risk of CI-AKI 
remains, because all contrast agents have higher os-
molality than plasma.14 

Kidney impairment can be expressed using several 
indices of kidney function. Despite widespread use, a 
patient’s serum creatinine level is a poor indicator of 
CI-AKI occurrence, because it isn’t a real-time bio-
marker and is influenced by sex, muscle mass, nutri-
tional status, and age.17 Measures of serum creatinine 
level reflect filtration in the renal tubules and glomer-
uli and rise only after significant loss of functioning 
nephrons. According to the American College of 
Radiology, renal function can be impaired despite 
normal serum creatinine values, which may be main-
tained until filtration function loss is reduced by nearly 
50%.2 

Glomerular filtration rate (GFR), the amount of 
blood that passes through the glomeruli per minute, 
provides a more accurate assessment of nephron func-
tion. An estimated GFR (eGFR) can be derived from 
the serum creatinine level, adjusted for variables such 
as age, sex, weight, nutritional status, and race.30 
(There is evidence supporting the use of formulas that 
include cystatin C, a protein filtered by the glomeruli 
and a more accurate marker for GFR and a better 
predictor of clinical outcomes.22, 31) In most healthy 

young adults, the normal eGFR is 90 mL/min/1.73 m² 
or higher.30 Patients who have an eGFR less than 
60 mL/min/1.73 m² are at risk for further renal in-
jury, such as that caused by contrast agents.30 For un-
known reasons, as people grow older, GFR declines 
gradually, even in persons without kidney disease, but 
there is substantial variation among individuals.30 

PREVENTION GUIDELINES
Many organizational and collaborative consensus 
statements currently address CI-AKI prevention.2, 6, 

17, 24, 32 As part of a quality improvement initiative led 
by one of us (YG), we reviewed the available guide-
lines and observed that all agreed on three critical 
areas in which nurses can help prevent CI-AKI: base-
line screening, risk assessment and stratification, and 
treating those at risk for developing kidney injury with 
hydration for blood volume expansion.

Screening and risk assessment. Baseline screen-
ing of all patients, including outpatients, should be 
completed before administering iv contrast media. 
This can be accomplished by reviewing medical re-
cords, checking to make sure the laboratory tests of 
serum creatinine and eGFR have been completed and 
results are available, having patients respond to ques-
tionnaires, and evaluating patients according to a 
scoring system such as the RIFLE (risk, injury, failure, 
loss, end-stage renal disease) criteria (see Table 1). 
There is no consensus on the acceptable maximum 
time period between baseline renal function screen-
ing and contrast administration, but according to the 
American College of Radiology, screening may occur 
immediately before the procedure and up to 30 days 
prior.2 

All guidelines include the recommendation that 
the risk of CI-AKI be compared with the benefit of 
administering a contrast agent and suggest, for high-
risk patients, considering the use of alternative imag-
ing technology that doesn’t require exposure to these 
substances. Further, all guidelines recommend mini-
mizing patient exposure to contrast agents by using 
the lowest possible dose and volume necessary to ob-
tain diagnostic accuracy.

CI-AKI can occur in as 

many as 10% of ambulatory 

patients who receive 

a contrast agent.
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Hydration. Hydration using both iv and oral ad-
ministration of fluids is a universally accepted preven-
tive measure.33 

Protocol for administration of iv fluids. North 
American and European guidelines recommend 
standard iv fluid therapy with isotonic iv solu-
tion (normal saline or lactated Ringer’s solution) 
both before and after administration of contrast 
agents when eGFR is less than 60 mL/min/1.73 m² 
or the patient has diabetes or both.17 While hydra-
tion is a relatively inexpensive and low-risk inter-
vention when done properly, it isn’t used as often 
as it should be. For example, in a Dutch CI-AKI 
prevention initiative that included approximately 

4,300 patients and was conducted in 38 hospitals, 
only about two-thirds of high-risk patients received 
hydration before contrast administration despite 
hydration being specified in their prevention guide-
line.34

Guideline recommendations vary on timing, rate, 
duration, and volume of iv fluids both before and 
after administration of contrast agents. Isotonic flu-
ids appear to better expand intravascular volume 
than sodium bicarbonate and half-isotonic saline.35 
It’s preferable to begin hydration before administer-
ing the contrast agent; this sequence results in more 
effective volume expansion and inhibits the renin–
angiotensin vasoactive response.36 Postprocedure 
hydration increases blood flow, enhances urinary 
excretion of the contrast agent, and dilutes the con-
trast agent remaining in the renal tubules.24 

The 2012 KDIGO guidelines suggest the use of 
oral N-acetylcysteine (a potent antioxidant with va-
sodilatory properties) with isotonic iv fluids in pa-
tients at high risk for CI-AKI; however, this is based 
on low-quality, inconsistent evidence, so it isn’t con-
sidered a formal recommendation.6 In their 2016 ex-
ecutive summary on the effectiveness of preventive 
measures for CI-AKI, the Agency for Healthcare Re-
search and Quality noted that oral N-acetylcysteine 
with iv saline appeared to confer only a small bene-
fit in reducing the risk of CI-AKI as compared with 
iv saline alone.37 

Table 1. The RIFLE Classification of Acute Kidney Injury 

RIFLE Category GFR Criteria Urine Output Criteria

Risk Serum creatinine increased 1.5 times          AND/OR
or GFR decreased > 25%

< 0.5 mL/kg/hr for 6 hours

Injury Serum creatinine increased 2 times              AND/OR
or GFR decreased > 50%

< 0.5 mL/kg/hr for 12 hours

Failure Serum creatinine increased 3 times              AND/OR
or GFR decreased > 75%

< 0.3 mL/kg/hr for 24 hours

OR OR

Serum creatinine ≥ 4 mg/dL 
(with an acute increase ≥ 0.5 mg/dL) 

Anuria for 12 hours

Loss Persistent acute renal failure: complete loss of kidney function for > 4 weeks

ESRD ESRD > 3 months 
(3+ months of dialysis)

ESRD = end-stage renal disease; GFR = glomerular filtration rate.

Source: Bellomo R, et al. Acute renal failure—definition, outcome measures, animal models, fluid therapy and information technology needs: the 
Second International Consensus Conference of the Acute Dialysis Quality Initiative (ADQI) Group. Crit Care 2004;8(4):R204-R212. 
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Protocol for oral administration of fluids. Guide-
lines favor volume expansion with iv fluids over 
oral hydration,2, 24 especially in patients who have 
any kidney dysfunction.6 However, in two recent 
meta-analyses of oral hydration protocols, the au-
thors concluded that the use of oral hydration may 
be more acceptable in some clinical settings—with 
outpatients, for example—because of its ease of use 
and lower cost.1, 38 Further, evidence shows that for 
CI-AKI prevention, oral fluids were no more risky 
and may be as effective as iv hydration in outpatient 
settings. However, the oral route can be unreliable 
in some patients and adequately powered trials have 
not been conducted.1 Guidelines don’t give specific 
preprocedural oral hydration protocols; the general 
advice is to avoid fluid restriction and, when practi-
cal, encourage patients to drink fluids containing salt 
(such as salty soup) for volume expansion before and 
after contrast studies.1, 17 

Issues in clinical practice. Despite the many differ-
ent clinical practice guidelines available, not all clini-
cians consistently assess for CI-AKI risk factors or 
incorporate prevention strategies into their proto-
cols.39 As noted above, current guidelines are some-
what inconsistent, making it more difficult for nurses 
and other providers to develop institutionally appro-
priate protocols or checklists to enable clear, well-
informed clinical decision making. Current CI-AKI 
prevention guidelines also lack detail and do not cover 
all aspects of patient management, such as who is or 
should be responsible for guideline adherence, screen-
ing, hydration, and patient follow-up (the radiologist, 
a hospital or clinic specialist, a nephrologist, the re-
ferring provider, or the nurse, for example).40 Many 
health care settings lack appropriate management 
protocols for patients who are at risk for CI-AKI. 
Recommended preventive measures may not be fol-
lowed because a facility may have organizational is-
sues or a lack of necessary resources.40 Many facilities 
also lack appropriate follow-up protocols for patients 
at risk for CI-AKI.

Computerized tools and aids such as standardized 
order sets and electronic alert systems that identify 
high-risk patients can improve patient management. 
In an evaluation of an electronic alert program that 

was integrated with a Korean hospital’s computer-
ized provider order entry system, Cho and colleagues 
found that the use of standardized prophylaxis in-
creased, while the risk of CI-AKI decreased by more 
than 50%.41 In the Dutch study mentioned previ-
ously, computerized alerts correctly identified 96% 
of high-risk patients.34 Nevertheless, the researchers 
found large differences in rates of hydration across 
hospitals, leading them to conclude that hospital-
related factors accounted for most of the variance.

The factors that interfere with CI-AKI prevention 
will vary by institution. In one recent study, nurses 
described overcoming multiple barriers in a large 
hospital as one radiology staff nurse initiated an 
evidence-based CI-AKI protocol that included oral 
hydration for patients at moderate risk.39 Sharing 
evidence about the recommended practices with de-
partment leaders proved to be the most important 
strategy in implementing the new practice protocol. 

Successful implementation led to substantial cost 
savings as a result of fewer iv bicarbonate infusions 
for the highest-risk patients and less time spent at the 
ambulatory facility after the procedure, decreasing 
length of stay and increasing patient satisfaction.39 

In our own clinical experience, the barriers to im-
plementing an updated, evidence-based protocol in-
cluded a lack of communication across departments, 
the need for ongoing multidisciplinary education, 
and resistance among some staff members, for rea-
sons that included fear of adopting a new practice 
(such as lifting the rule on preprocedural fasting to 
encourage hydration) and “turf protection.” 

NURSING IMPLICATIONS
Nurses play important roles both before and after 
imaging studies and need to be proactive in screen-
ing, risk assessment, patient education, and pre- and 
postprocedure hydration. As a growing number of 
patients undergo procedures that require contrast 
administration on an outpatient basis, the nurse’s 
role in ensuring patient safety becomes increasingly 
important.

When a contrast-based imaging procedure is 
planned, patient assessment includes a determination 
of risk level and careful documentation of current 

Evidence shows that for CI-AKI prevention, oral fluids 

are no more risky and may be as effective as iv hydration 

in outpatient settings. 
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medications. The nurse should assess for preexisting 
kidney disease and ensure that laboratory tests of se-
rum creatinine and eGFR are completed and that the 
ordering clinician is aware of the results. Ask the pa-
tient about any previous testing that included contrast 
material. If the patient is already taking potentially 
nephrotoxic drugs such as metformin (Glucophage 
and others), angiotensin-converting enzyme inhib
itors, angiotensin receptor blockers, or NSAIDs, 
confer with the prescriber to confirm whether any 

should be discontinued prior to the procedure. Met-
formin and metformin-containing medications are 
often discontinued (even though metformin, itself, 
confers no additional risk of CI-AKI) because they’re 
thought to cause severe and even fatal lactic acidosis 
in the presence of contrast-induced acute kidney fail-
ure.2, 17, 24 Current metformin prescribing information 
recommends discontinuation before and after contrast 
administration.42 Diuretics are sometimes withheld be-
fore a procedure in order to prevent dehydration. The 
nurse should be sure the patient understands why 
some medications may be temporarily discontinued 
and exactly when the medications can be restarted af-
ter the procedure.

When an oral hydration strategy is planned, assess 
if the patient is at risk for fluid overload (because of 
a history of congestive heart failure, for example). 
This assessment is particularly important in outpa-
tients. If there is no medical reason to restrict fluids, 
educate the patient on the critical importance of fluid 
intake both before and after the procedure, and offer 
guidance about the amount and type of fluids to drink 
(salty ones, for example). 

On the day of the procedure, nurses will imple-
ment, evaluate, and document the hydration proto-
col (oral or iv fluids). They will also monitor patients 
for fluid overload, as many patients who require hy-
dration are older and have preexisting comorbidities, 
such as reduced left ventricular function, making them 
vulnerable to pulmonary edema.

Nurses should educate patients on possible post-
procedure symptoms of CI-AKI, including fatigue, 
anorexia, conditions related to fluid retention (such 
as swelling of feet and ankles, puffiness around the 
eyes, and dry and itchy skin).43

Nurses should ensure that outpatients, in particu-
lar, understand the importance of postprocedure hy-
dration, and should also instruct them to monitor the 
color and amount of urine output, as a decrease in 
volume and darkening color may be indications of 
worsening renal function. Patients need to know the 
specific provider to call if they develop symptoms; they 
also need to understand the importance of following 
up on laboratory tests and return appointments, as in-
structed.

In view of the increasing number of patients who 
receive and benefit from iv contrast agents for com-
puted tomography and angiography studies, nurses 
need to be familiar with CI-AKI as a potential com-
plication and understand evidence-based strategies 
for prevention. Continuing efforts to prevent CI-AKI 
and interventions that attempt to reduce the risks of 
CI-AKI are the main nursing challenges in delivering 
safe, efficient, high-quality care to patients who re-
ceive contrast agents. ▼

Yvonne Gallegos is a vascular NP at the Veterans Administration 
Long Beach Healthcare System in Long Beach, CA. Asma Ali 
Taha is an associate professor in the School of Nursing at Cal
ifornia State University in Fullerton and at Loma Linda Uni-
versity Medical Center in Loma Linda, CA. Dana N. Rutledge 
is a professor emeritus in the School of Nursing at California 
State University in Fullerton. Contact author: Yvonne Gallegos, 
yvonnegallegos@csu.fullerton.edu. The authors and planners have 
disclosed no potential conflicts of interest, financial or otherwise. 

REFERENCES
1. Hiremath S, et al. Prevention of contrast-induced acute kid-

ney injury: is simple oral hydration similar to intravenous? 
A systematic review of the evidence. PLoS One 2013;8(3): 
e60009. 

2. American College of Radiology, ACR Committee on Drugs 
and Contrast Media. ACR manual on contrast media, ver-
sion 10.2. Reston, VA; 2016. http://www.acr.org/quality-safety/ 
resources/contrast-manual.

If there is no medical reason to restrict fluids, educate the 

patient on the critical importance of fluid intake both 

before and after the procedure.

For two additional continuing nursing educa-
tion activities on acute kidney injury, go to www.
nursingcenter.com/ce.

mailto:yvonnegallegos@csu.fullerton.edu
http://www.acr.org/quality-safety/resources/contrast-manual
http://www.acr.org/quality-safety/resources/contrast-manual
www.nursingcenter.com/ce
www.nursingcenter.com/ce


ajn@wolterskluwer.com	 AJN ▼ December 2016 ▼ Vol. 116, No. 12	 45

3. Perazella MA, Shirali A. Kidney disease caused by therapeu-
tic agents. In: Gilbert SJ, et al., editors. National Kidney 
Foundation’s primer on kidney diseases. 6th ed. Philadelphia: 
Elsevier/Saunders; 2014. p. 326-36. 

4. Chui WCM. Contrast-induced nephropathy. Hong Kong Med-
ical Diary 2010;15(7):18-9. 

5. Mohammed NM, et al. Contrast-induced nephropathy. Heart 
Views 2013;14(3):106-16. 

6. International Society of Nephrology. KDIGO clinical prac-
tice guideline for acute kidney injury. Kidney Int Suppl 2012; 
2(Suppl 1):1-124. 

7. Andreucci M, et al. Prevention of contrast-induced nephrop-
athy through a knowledge of its pathogenesis and risk fac-
tors. ScientificWorldJournal 2014;2014:823169. 

8. Ad-hoc Working Group of ERBP, et al. A European Renal 
Best Practice (ERBP) position statement on the Kidney Disease 
Improving Global Outcomes (KDIGO) clinical practice guide-
lines on acute kidney injury: part 1: definitions, conservative 
management and contrast-induced nephropathy. Nephrol 
Dial Transplant 2012;27(12):4263-72. 

9. Katzberg RW, Newhouse JH. Intravenous contrast medium-
induced nephrotoxicity: is the medical risk really as great as 
we have come to believe? Radiology 2010;256(1):21-8. 

10. Moos SI, et al. Contrast induced nephropathy in patients 
undergoing intravenous (IV) contrast enhanced computed 
tomography (CECT) and the relationship with risk factors: 
a meta-analysis. Eur J Radiol 2013;82(9):e387-e399. 

11. Katzberg RW, Lamba R. Contrast-induced nephropathy af-
ter intravenous administration: fact or fiction? Radiol Clin 
North Am 2009;47(5):789-800. 

12. McDonald JS, et al. Frequency of acute kidney injury fol-
lowing intravenous contrast medium administration: a sys-
tematic review and meta-analysis. Radiology 2013;267(1): 
119-28. 

13. McDonald RJ, et al. Intravenous contrast material-induced 
nephropathy: causal or coincident phenomenon? Radiology 
2013;267(1):106-18. 

14. Deek H, et al. Contrast media induced nephropathy: a liter-
ature review of the available evidence and recommendations 
for practice. Aust Crit Care 2014;27(4):166-71. 

15. Mitchell AM, et al. Incidence of contrast-induced nephro
pathy after contrast-enhanced computed tomography in 
the outpatient setting. Clin J Am Soc Nephrol 2010;5(1): 
4-9. 

16. Dangas G, et al. Contrast-induced nephropathy after percu-
taneous coronary interventions in relation to chronic kidney 
disease and hemodynamic variables. Am J Cardiol 2005;95(1): 
13-9. 

17. Owen RJ, et al. Canadian Association of Radiologists con-
sensus guidelines for the prevention of contrast-induced ne-
phropathy: update 2012. Can Assoc Radiol J 2014;65(2): 
96-105. 

18. Ahmed FS, Newhouse JH. The myth and reality of contrast-
induced nephropathy. Appl Radiol 2013;42(12):16-8. 

19. Gupta RK, Bang TJ. Prevention of contrast-induced nephrop-
athy (CIN) in interventional radiology practice. Semin Inter-
vent Radiol 2010;27(4):348-59. 

20. Jorgensen AL. Contrast-induced nephropathy: pathophysiol-
ogy and preventive strategies. Crit Care Nurse 2013;33(1): 
37-46. 

21. Rudnick MR, et al. Contrast-induced nephropathy: how it 
develops, how to prevent it. Cleve Clin J Med 2006;73(1): 
75-87. 

22. Bansal R, Batuman V. Contrast-induced nephropathy. Med-
scape reference: drugs, diseases, and procedures. 2016. http://
emedicine.medscape.com/article/246751-overview. 

23. O’Donovan K. Preventing contrast induced nephropathy part 1: 
what is CIN? British Journal of Cardiac Nursing 2010;5(12): 
576-81. 

24. Stacul F, et al. Contrast induced nephropathy: updated ESUR 
Contrast Media Safety Committee guidelines. Eur Radiol 
2011;21(12):2527-41. 

25. Wood SP. Contrast-induced nephropathy in critical care. Crit 
Care Nurse 2012;32(6):15-23. 

26. Weisbord SD. Iodinated contrast media and the kidney. Rev 
Cardiovasc Med 2008;9 Suppl 1:S14-S23. 

27. Morcos SK, et al. Contrast-media-induced nephrotoxicity: a 
consensus report. Contrast Media Safety Committee, Euro-
pean Society of Urogenital Radiology (ESUR). Eur Radiol 
1999;9(8):1602-13. 

28. Persson PB, et al. Pathophysiology of contrast medium-
induced nephropathy. Kidney Int 2005;68(1):14-22. 

29. Bottinor W, et al. Adverse reactions to iodinated contrast 
media. Int J Angiol 2013;22(3):149-54. 

30. National Kidney Foundation. Frequently asked questions 
about GFR estimates. New York; 2014. https://www. 
kidney.org/sites/default/files/docs/12-10-4004_abe_faqs_
aboutgfrrev1b_singleb.pdf. 

31. International Society of Nephrology. KDIGO 2012 clinical 
practice guideline for the evaluation and management of 
chronic kidney disease. Kidney Int Suppl 2013;3(1):2-150.

32. Levine GN, et al. 2011 ACCF/AHA/SCAI guideline for per-
cutaneous coronary intervention: a report of the American 
College of Cardiology Foundation/American Heart Associa-
tion task force on practice guidelines and the Society for 
Cardiovascular Angiography and Interventions. J Am Coll 
Cardiol 2011;58(24):e44-e122. 

33. Holder MC, et al. Preventing the harm of a closer look: con-
trast-induced nephropathy in adults. Orthopedics 2012; 
35(4):298-303. 

34. Schilp J, et al. Guideline adherence for identification and hy-
dration of high-risk hospital patients for contrast-induced 
nephropathy. BMC Nephrol 2014;15:2. 

35. Ranji SR, et al. Interventions to prevent contrast-induced 
acute kidney injury. In: Making health care safer II: an 
updated critical analysis of the evidence for patient safety 
practices. Rockville, MD: Agency for Healthcare Research 
and Quality; 2013. https://www.ncbi.nlm.nih.gov/books/
NBK133381/#_ncbi_dlg_citbx_NBK133381. 

36. Bader BD, et al. What is the best hydration regimen to pre-
vent contrast media-induced nephrotoxicity? Clin Nephrol 
2004;62(1):1-7. 

37. Subramaniam RM, et al. Contrast-induced nephropathy: 
comparative effectiveness of preventive measures. Rockville, 
MD: Agency for Healthcare Research and Quality; 2016 
Jan. Publication No. 15(16)-EHC023-EF. Comparative ef-
fectiveness review #156; https://www.effectivehealthcare.
ahrq.gov/ehc/products/530/2167/nephropathy-contrast- 
induced-prevention-report-150107.pdf. 

38. Cheungpasitporn W, et al. Oral hydration for prevention of 
contrast-induced acute kidney injury in elective radiological 
procedures: a systematic review and meta-analysis of random-
ized controlled trials. N Am J Med Sci 2014;6(12):618-24. 

39. Yellen ML, Buffum MD. Changing practice to prevent contrast-
induced nephropathy. J Vasc Nurs 2014;32(1):10-7. 

40. Goldfarb S, et al. Contrast-induced acute kidney injury: 
specialty-specific protocols for interventional radiology, 
diagnostic computed tomography radiology, and interven-
tional cardiology. Mayo Clin Proc 2009;84(2):170-9. 

41. Cho A, et al. Effect of an electronic alert on risk of contrast-
induced acute kidney injury in hospitalized patients undergoing 
computed tomography. Am J Kidney Dis 2012;60(1):74-81. 

42. Bristol-Myers Squibb Company. Prescribing information: 
Glucophage (metformin hydrochloride tablets). Princeton, 
NJ; 2008. https://www.accessdata.fda.gov/drugsatfda_docs/ 
label/2008/020357s031,021202s016lbl.pdf. 

43. National Kidney Foundation. Contrast dye and the kid-
neys. New York; 2015. https://www.kidney.org/atoz/content/
Contrast-Dye-and-Kidneys.

http://emedicine.medscape.com/article/246751-overview
http://emedicine.medscape.com/article/246751-overview
https://www.kidney.org/sites/default/files/docs/12-10-4004_abe_faqs_aboutgfrrev1b_singleb.pdf
https://www.kidney.org/sites/default/files/docs/12-10-4004_abe_faqs_aboutgfrrev1b_singleb.pdf
https://www.kidney.org/sites/default/files/docs/12-10-4004_abe_faqs_aboutgfrrev1b_singleb.pdf
https://www.ncbi.nlm.nih.gov/books/NBK133381/#_ncbi_dlg_citbx_NBK133381
https://www.ncbi.nlm.nih.gov/books/NBK133381/#_ncbi_dlg_citbx_NBK133381
https://www.effectivehealthcare.ahrq.gov/ehc/products/530/2167/nephropathy-contrast-induced-prevention-report-150107.pdf
https://www.effectivehealthcare.ahrq.gov/ehc/products/530/2167/nephropathy-contrast-induced-prevention-report-150107.pdf
https://www.effectivehealthcare.ahrq.gov/ehc/products/530/2167/nephropathy-contrast-induced-prevention-report-150107.pdf
https://www.accessdata.fda.gov/drugsatfda_docs/label/2008/020357s031,021202s016lbl.pdf
https://www.accessdata.fda.gov/drugsatfda_docs/label/2008/020357s031,021202s016lbl.pdf
https://www.kidney.org/atoz/content/Contrast-Dye-and-Kidneys
https://www.kidney.org/atoz/content/Contrast-Dye-and-Kidneys

