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Case Report
Contrast-induced acute kidney injury (CIAKI) 

remains a concern for those administering iodin-
ated contrast agents and caring for patients who 
receive contrast media. Since the first case report 
in 1954,1 research on the pathophysiology of CIAKI 
helped transform our therapeutic approaches and 
sharpened our ability to predict who will develop 
this adverse effect. Multiple approaches for the 
prevention of CIAKI have been subjected to pro-
spective randomized trials because patients who 
are to receive contrast media are known in advance. 
For some approaches, multiple trials have been 
summarized in meta-analyses. However, despite 
the wealth of studies, few approaches survived the 
scrutiny of rigorous scientific study. More recently, 
appreciation for the long-term impact of CIAKI on 
mortality and progression of kidney disease rein-
vigorated our desire to prevent CIAKI and target 
patients with CIAKI for closer follow-up. In this 
brief review and update, we will touch on the re-
cent studies contributing to our understanding of 
the pathophysiology of CIAKI, characteristics of 
patients at high risk for CIAKI, preventative mea-
sures for which there is rigorous supportive evi-
dence, and the long-term outcomes in those who 
develop CIAKI.

Pathophysiology
CIAKI results from the direct nephrotoxic effects 

of contrast on kidney cells and ischemia mediated 
by alterations in the balance between O2 delivery 
and O2 consumption in critical parts of the kidney.2 
How contrast media alters the balance between O2 
delivery and consumption, particularly in vulnera-
ble regions of the kidney, was studied using a vari-
ety of new techniques. A relatively new finding is 
that contrast media causes vasoconstriction in the 
vasa recta, the vessels supplying O2 to the outer 
medullary region of the kidney where tissue pO2 
is already very low. This area of the kidney gets 
only a small fraction of renal blood flow yet has 

the highest consumption of O2 to support active 
sodium transport.3 The contrast-induced vasocon-
striction is mediated in part by the production of 
reactive oxygen species (ROS), depletion of nitric 
oxide (NO), and increased sensitivity to angio-
tensin II.4,5 Although the demonstration of direct 
vasoconstriction was observed in isolated vasa 
recta vessels, contrast medium were also shown 
to decrease the tissue level of oxygen in the outer 
medulla of intact animals as determined by blood 
oxygen level dependent magnetic resonance imag-
ing (BOLD-MRI).6 These two observations rein-
force the central role of ischemia in causing CIA-
KI. Additional mechanisms may also be at work. 
Katzberg et al performed non-contrast computed 
tomography (CT) of the abdomen 24 hours after 
patients underwent either coronary angiography 
or liver chemoembolization using contrast media. 
They observed segmental renal cortical retention 
of contrast consistent with either small embolic 
events or regional vasospasm.7  

Risk Assessment
A number of risk models have been developed 

to identify patients who are likely to develop CIA-
KI.8 In addition to the well recognized role of base-
line kidney function, presence of congestive heart 
failure, and dose of contrast medium, additional 
risk factors include anemia,9 glycemic control,10-12 
and hyperuricemia.13 Adjusted for baseline kidney 
function, the volume of contrast administered (vol-
ume/GFR or volume/creatinine) provides enhanced 
discriminatory value for predicting CIAKI.14,15 New 
risk factor tools have been developed for use before 
patients are exposed to contrast.16,17 The risk of 
CIAKI may be different in patients who receive in-
tra-arterial vs. intravenous (IV) contrast although 
this remains somewhat controversial.18-20 A me-
ta-analysis of 40 trials found an incidence follow-
ing intravenous contrast administration of 6.5%.21 
In general, risk of CIAKI following intravenous 
administration of contrast is seen only in patients 
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with eGFR <45 mL/min while patients with eGFR 
<60 mL/min are considered high-risk for CIAKI 
following intra-arterial administration of contrast. 
The risk with IV contrast is also greatest in hospi-
talized patients compared to outpatients, probably 
because inpatient status is a marker of other co-
morbidities that put the kidney at risk for any cause 
of acute kidney injury.22 This probably explains the 
observations that the incidence of CIAKI is sim-
ilar in hospitalized patients undergoing non-con-
trast compared with contrast enhanced CT until 
you consider patients with low GFRs.23,24 Finally, 
others have used bioimpedance measurements to 
identify patients who are most at risk of CIAKI.25 
Patients in whom interstitial body water is lowest 
before contrast exposure are at highest risk for de-
velopment of CIAKI. This approach could be used 
to guide preventative therapy.

Prevention
Hydration with sodium-containing solutions remains 

the mainstay of current guidelines. A comprehensive re-
view of fluid-based preventative therapy can be found 
in Interventional Cardiology Clinics.26 The review con-
cluded that for high-risk patients, sodium-containing 
fluids should be administered 2-4 hours prior to contrast 
exposure and for 4-6 hours post-exposure. For patients 
undergoing coronary angiography, the use of left ven-
tricular end-diastolic pressure (LVEDP) to guide fluid 
therapy has been reported to reduce the incidence of 
CIAKI.27 Patients with lower LVEDP can usually toler-
ate more fluid at a faster rate, and the amount of fluid 
given (and the resulting urine output) may be the key 
determinant of the benefit of fluid therapy. Enough flu-
id should be administered to provoke a vigorous urine 

output (>150 mL/hr).28 In this 
regard, oral ingestion of water 
also contributes to increasing 
urine output.29

The use of bicarbonate in-
stead of chloride-containing 
solutions may offer additional 
advantages based upon recent 
meta-analyses of trials (Figure 
1) involving patients undergoing 
intra-arterial contrast primarily 
for cardiac studies.30,31 Howev-
er, evidence supporting the use 
of a bicarbonate rapid infusion 
in high-risk patients undergoing 
CT has also been reported.32

The use of antioxidants such 
as N-acetylcysteine (NAC) have 
not been supported by recent 

large multicenter trials such as the Acetylcysteine for 
Contrast-Induced Nephropathy (ACT) trial.33 A sub-
study of the ACT trial also found no benefit in patients 
with diabetes.34 The Prevention of Serious Adverse 
Events Following Angiography (PRESERVE) trial with 
an expected enrollment of ~8000 subjects, comparing 
NAC and bicarbonate to control and combined ther-
apy, has just commenced and should provide definitive 
answers to the role of bicarbonate and NAC.35 

The importance of a vigorous urine output is also 
supported by studies of forced diuresis with matching 
volume replacement using the RenalGuard system.36 
This system permits high urine flow rates without risk-
ing either volume overload or depletion. Urine output 
increases to >300 mL/h within about 45 minutes and 
remains between 300-600 mL/hr for the next 4-5 hours 

Figure 1. A Forrest plot from the most recent meta-analysis supporting a benefit of 
bicarbonate in the prevention of CIAKI.31

Adapted from Jang JS, et al.

Figure 2. The mean urine flows in a trial using the 
RenalGuard system.
Adapted from Briguori C, et al.
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following a bolus of 250 mL saline and a small dose 
of furosemide (<0.5 mg/kg) (Figure 2). Two separate 
Italian multicenter trials involving high-risk patients 
undergoing coronary angiography and PCI demon-
strated a reduction in CIAKI.37,38 A third multicenter 
trial is currently underway in the US (evaluation of 
RenalGuard system to reduce the incidence of contrast 
induced nephropathy in at-risk patients [CIN-RG], 
NCT 01456013) as well as additional trials in Europe. 

Recently, a number of novel 
approaches to prevention have 
also been reported. Remote 
ischemic preconditioning has 
been applied in patients un-
dergoing cardiopulmonary 
bypass as well as coronary an-
giography.39 This technique in-
volves repetitive cycles of arm 
or leg ischemia prior to con-
trast exposure. The ischemia 
is produced by inflation of a 
blood pressure cuff well above 
systolic pressure for 5 min-
utes, interrupted by 5 minutes 
of recovery. Remote ischemic 
preconditioning was shown to 
reduce the incidence of CIAKI 
in a small trial of patients.40 
Multiple trials investigated the 
use of statins for prevention of 
CIAKI. Over 15 prospective 
randomized trials have been 
conducted with statins using 

various doses, specific agents, and patient groups. 
A recent meta-analysis concluded that statins were 
effective in reducing the incidence of CIAKI (Figure 
3).41 The benefit of statin therapy does not appear to 
be related to reduction in lipid levels and subgroup 
analyses suggest that its effect is robust across diverse 
patient populations. Finally, the use of automated in-
jectors has been found to reduce the total amount of 
contrast administered and the incidence of CIAKI in 
recent meta-analyses.42,43

The impact of different classes of contrast media 
has also been updated using a new meta-analysis 
technique. Previous classic meta-analyses found no 
differences in the incidence of CIAKI among isos-
molar and low osmolar contrast agents.44,45 Using 
the network meta-analysis technique, an approach 
that incorporates indirect as well as direct com-
parisons among different contrast agents, 42 trials 
involving >10,000 patients were analyzed. Isosmolar 
and low osmolar contrast were again found to be 
equally effective in minimizing CIAKI. However, 
there were two exceptions noted. Ioxaglate (an 
ionic low osmolar contrast medium) and iohexol 
(a non-ionic low osmolar contrast medium) were 
each associated with a higher incidence of CIAKI 
compared to other low osmolar and isosmolar con-
trast media (Figure 4).46

Finally, using institutional protocols to determine 
who is at risk and how they should be treated for pre-
vention of CIAKI was shown to lower the overall rate 

Figure 3. A Forrest plot from a recent meta-analysis supporting a benefit of statin 
administration for the prevention of CIAKI.41

Figure 4. A network meta-analysis of contrast media and the risk 
of CIAKI. The size of the circle corresponds to the probability of 
its being the best prevention for CIAKI.46
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of CIAKI.47 However, even with national guidelines, 
many patients at risk are not receiving adequate 
prophylaxis.48 A recent survey of interventional 
cardiologists also found that <50% use a written 
practice-wide protocol.49 

Consequences of CIAKI
Long-term follow-up studies of patients who 

develop CIAKI have consistently shown higher 
mortality and worse kidney function compared 
with those who do not develop CIAKI.50,51 There is 
controversy regarding whether CIAKI causes these 
adverse outcomes or is a marker for comorbidities 
that in turn cause the adverse outcomes. Regardless 
of whether CIAKI is a cause or marker for adverse 
outcomes, the recognition of the consequences of 
CIAKI led most new trials to incorporate mortal-
ity, need for dialysis, and sustained decrements in 
kidney function as primary outcomes.

Conclusions
Prevention of CIAKI remains an unrealized goal. 

With an aging population and increased use of imag-
ing techniques involving contrast for both diagnosis 
and treatment, CIAKI will continue to be a major con-
cern in the care of these patients. Strategies to identify 
high-risk patients, reduce the amount of contrast used, 
and provide evidence-based approaches to prevention 
offer the best approach for patient care.
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Overview 
This Journal-Based Activity for contrast nephropathy re-
mains one of the most common causes of acute renal 
failure in hospitalized patients. At present, there are no 
strategies that are approved by the US Food and Drug 
Administration (FDA) for prevention of contrast-induced 
nephropathy. Newer approaches show promise, but 
adoption is hampered by increased cost and a contin-
ued lack of randomized data to confirm efficacy. Howev-
er, studies of intravenous hydration have demonstrated 
benefit with infusion rates pre- and post-procedure (see 
article for more detail).

Continuing Education Credits
The accredited CE provider, The Center of Excellence In 
Education (CEE), is an organization devoted to meeting 
the educational needs of all levels of healthcare profes-
sionals. This educational activity has been planned in ac-
cordance with The California Board of Registered Nurs-
ing requirements for nursing education.  

Physician Assistants (PAs) can submit this module for 
Category 2 CME for practice-related activities and self-di-
rected activities per National Commission on Certification 
of the Physician Assistants (NCCPA). 
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tered learners in exchange for completed post-test and 
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This clinical case update is designed for physician as-
sistants, nurses, nurse practitioners and allied healthcare 
practitioners and other healthcare professionals with a 
special interest in the field of interventional and vascular 
medicine. 

Needs Statement
CEE assesses the educational need for continuing 
education activities through review of the latest evi-
dence-based data and science.
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competence by the target audience implementing the 
evidence-based CIN protocols with the intent of improv-
ing patient care.
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1.  Describe the reason that intravenous fluids accompa-
nying angiographic procedures can help reduce the risk 
of contrast-induced nephropathy in high-risk patients.

2.  Define the mechanism of contrast-induced nephropathy 
and current trends in therapy and methods for reducing 
its incidence.

3.  Implement a newly developed protocol to provide 
sufficient hydration to patients during angiographic 
procedures and therefore reduce the risk of contrast 
nephropathy and renal failure in high-risk patients.
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