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C H  A P T E R

Acute kidney injury is a well-recognized complication 
of intravascular iodinated contrast administration. 1–4

Epidemiologic trends and clinical factors suggest 
that contrast-induced acute kidney injury (CIAKI), which 
is associated with serious adverse short- and long-term out-
comes, will continue to be an important clinical entity for 
the foreseeable future. First, patients are living longer with a 
greater burden of chronic illness, suggesting that there will 
be an increasing demand for radiographic procedures that 
use intravascular (IV) radiocontrast. Second, chronic kidney 
disease (CKD), which is the principal risk factor for CIAKI, 
and diabetes mellitus, which ampli  es the risk for CIAKI 
in patients with baseline renal impairment, are increasing 
in prevalence. 5 Third, recent studies linking gadolinium-
containing contrast agents used to enhance the diagnostic 
accuracy of magnetic resonance imaging (MRI) studies with 
nephrogenic systemic   brosis, a potentially severe   brosing 
disorder in patients with advanced CKD, has led to the per-
formance of fewer contrast-enhanced MRI procedures in pa-
tients with kidney disease and is likely to result in a greater 
reliance on imaging modalities that use iodinated radiocon-
trast in patients at risk for CIAKI. 6–8 Lastly, advancements 
in modern imaging technology have led to an increasing 
array of diagnostic and therapeutic procedures that employ 
iodinated contrast. As a result of these factors, CIAKI is like-
ly to remain a common iatrogenic complication. 

This chapter reviews the pathophysiology, risk factors, 
clinical presentation, and incidence of CIAKI; discusses 
the adverse outcomes associated with the development of 
CIAKI; and summarizes the data regarding interventions to 
prevent this iatrogenic condition. 

 THE PATHOPHYSIOLOGY OF 
CONTRAST-INDUCED ACUTE KIDNEY 
INJURY 
Our current understanding of the pathophysiology of 
CIAKI principally derives from animal studies examining 
the effect of contrast media on renal hemodynamics, oxy-
gen delivery, and kidney function. These studies suggest 

that multiple overlapping pathophysiologic processes trig-
gered by contrast administration collectively contribute to 
renal injury. These include mismatched oxygen supply and 
demand resulting in medullary hypoxia, direct toxic effects 
of contrast on tubular epithelial cells, and the generation of 
cytotoxic oxygen free radicals within the kidney that inten-
sify renal injury (Fig. 33.1). Animal models used to inves-
tigate the pathophysiology of CIAKI have relied upon ad-
ditional nephrotoxic insults such as volume depletion or 
concomitant nonsteroidal anti-in  ammatory administration 
to enhance the susceptibility of the kidneys to contrast-
induced injury. For example, Heyman et al. 9 compared the 
effect of contrast media on renal vasoconstriction in intact 
rats and uninephrectomized, salt-depleted rats that were 
injected with intravenous indomethacin. Renal blood   ow 
dropped to a substantially greater degree following contrast 
administration in the preconditioned rats. Similarly, Agmon 
and colleagues 10 pretreated rats with indomethacin and ni-
tro-L-arginine methyl ester (L-NAME), an inhibitor of nitric 
oxide synthesis to examine the effect of iodinated contrast 
on renal medullary blood   ow. Whether such additional 
nephrotoxic insults in animals accurately re  ect the mecha-
nisms underlying the increased susceptibility of the human 
kidney to iodinated contrast from renal impairment is not 
clear. Nonetheless, such studies form much of the basis for 
our current understanding of the pathophysiology of CIAKI. 

 Vasoconstriction and Medullary Hypoxia 
Multiple studies have demonstrated that the administration 
of iodinated contrast media induces vasoconstriction of the 
renal vasculature. 11–13 However, this effect is not uniform 
throughout the kidney but rather regional because blood 
  ow to the cortex appears to be maintained but decreases 
signi  cantly in the renal medulla. Oxygen delivery to the re-
nal cortex is high, yet delivery to the medulla is  considerably
lower, resulting in low medullary tissue oxygen tension, with 
values as low as 30 mm Hg detected under normal physiolog-
ic conditions in rats, dogs, and humans. At baseline, oxygen 
extraction by the renal medulla is near maximal, reaching 
79% of regional oxygen delivery. Thus, medullary  oxygen
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and a  leftward shift of the oxygen-hemoglobin dissociation 
curve. 25–29  However, these systemic effects appear to play a 
less prominent role in the reduction in medullary oxygen 
tension than the intrarenal mechanisms. 

 Simultaneous with its effect on medullary oxygen ten-
sion, iodinated contrast increases oxygen demand within 
the kidney. The administration of contrast media induces 
an abrupt and transient natriuresis and increases glomerular 
  ltration and urinary output, effects that are mediated, at 
least in part, by an increase in plasma volume and the release 
of natriuretic peptides. 17,30,31  These effects, along with the 
increased osmotic load following contrast media administra-
tion, lead to enhanced solute delivery to the distal nephron. 
The increased active transport in the distal nephron increas-
es oxygen demand. Thus, the contrast-induced decrease in 
medullary oxygen tension is accompanied by a concomitant 
increase in oxygen demand, particularly at the corticome-
dullary junction, resulting in a mismatch between oxygen 
supply and demand, tissue hypoxia, and cellular injury. 

 Direct Tubular Toxicity and Generation of 
Reactive Oxygen Species 
 Radiocontrast agents result in tubular cell injury directly 
through direct cytotoxicity and indirectly through the gene-
ration of reactive oxygen species (ROS). 32–37  Following   ltra-
tion at the glomerulus, iodinated contrast enters the urinary 
space and increases the viscosity of the tubular   uid. The 
increased urine viscosity combined with intratubular cast 
formation by cellular debris and the precipitation of contrast 
medium with urinary proteins may increase exposure of the 
tubules to the contrast medium, thus increasing the risk for 
direct cytotoxicity. Evidence supporting the role of direct tu-
bular cell toxicity in the pathogenesis of CIAKI derives from 
renal biopsy specimens demonstrating vacuolization and 
necrosis of tubular cells in patients who recently underwent 
contrast-enhanced procedures. 38  Additionally, data from in 
vitro studies of renal epithelial cells demonstrate contrast- 
associated DNA fragmentation, altered cell polarity, inhi-
bition of mitochondrial function, increased brush border 
marker enzyme activity, and apoptosis—effects that support 
the direct nephrotoxic effects of contrast. 34–36  

 In vitro studies demonstrate that iodinated contrast agents 
also induce oxygen free radical mediated injury through the 
oxidation of cell membranes, cellular proteins, and nucleic 
acids. 39–43  Secondary activation of reparative processes, such 
as the DNA mending poly-(ADP-ribose) polymerase (PARP) 
may, in turn, precipitate additional depletion of intracellu-
lar energy stores and tubular  damage. 44,45  Endothelial cells 
may also be injured by the evolving hypoxic stress. Fol-
lowing exposure to contrast media, HIF-2    accumulates 
in medullary endothelial capillaries. 46   Resultant endothe-
lial damage, induced by reactive oxygen species and energy 
consuming reparative mechanisms, such as PARP, leads to 
endothelial dysfunction, further exacerbating regional tissue 
hypoxia. 40,47–49  Thus, the hemodynamic and toxic effects of 

 reserve is marginal under normal conditions. 14,15  In the intact 
kidney, medullary blood   ow is  usually maintained, even in 
the presence of systemic and local  vasoconstrictive stimuli, 
by the combined effects of vasodilators  including nitric  oxide 
and prostaglandin E2, as well as the unique  regional vasodila-
tory effects of renal vasoconstrictors. 16  However, in certain 
settings,  including  altered renal reserve, vasoconstriction can 
overwhelm the kidney’s capacity to  preserve oxygen  delivery, 
leading to medullary hypoxia. In particular, the vasocon-
strictors endothelin and adenosine have been implicated in 
the reduction in outer medullary blood   ow following the 
administration of iodinated contrast. 17–20  However, the pre-
cise role of and degree to which renal injury from contrast is 
directly attributable to these vasoconstrictors is unknown. 
Nonetheless, a series of studies have examined the role of 
 medullary hypoxia in the  pathogenesis of CIAKI. 21,22  Liss and 
colleagues 22   demonstrated a fall in medullary oxygen tension 
from approximately 30 mm Hg to 15 mm Hg after the ad-
ministration of low-osmolal and iso-osmolal contrast agents. 
The contrast-induced exacerbation of medullary hypoxemia 
has also been suggested by noninvasive blood-oxygen level 
dependent magnetic resonance imaging (BOLD MRI), which 
detects an increased unsaturated hemoglobin concentration 
within the renal medulla and by the  detection of  increased 
levels of hypoxia-inducible factors (HIF) shortly after con-
trast administration. 23,24  Systemic effects of  iodinated con-
trast media may also contribute to the decline in renal 
 medullary oxygen tension. Contrast adminis tration is asso-
ciated with the induction of  pulmonary  ventilation– perfusion 
 mismatch, reduced  cardiac  output with a secondary decrease 
in renal perfusion pressure, rheologic alterations of blood, 
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FIGURE 33.1 Pathophysiology of contrast-induced acute 
 kidney injury.
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renal insuf  ciency heightens this risk, whereas the incidence 
of CIAKI increases to as much as 50% or more in patients 
with very advanced CKD. 

Although diabetes mellitus substantially ampli  es the 
risk of CIAKI in patients with underlying renal impairment, 
the presence of diabetes in the setting of intact kidney func-
tion does not appear to be associated with an increased risk 
of CKAKI. 51–55 For example, in a study by Rudnick et al. 53

that compared the effects of high- and low-osmolal contrast 
agents in 1,196 patients undergoing coronary angiogra-
phy, CIAKI—de  ned by a postprocedure increase in serum 
creatinine (SCr) of   1.0 mg per deciliter—occurred in none 
of 359 patients without diabetes or underlying CKD and in 
just 2 of 315 (0.6%) patients with diabetes but no underly-
ing CKD. However, in study participants with baseline renal 
impairment, 17 of 296 nondiabetics (6%) and 42 of 213 dia-
betics (20%) developed CIAKI. Thus, diabetes substantially 
ampli  es the risk of CIAKI in patients with impaired kidney 
function, but does not appear to represent a notable risk fac-
tor in the setting of intact kidney function. 

Patients with absolute or effective intravascular volume 
depletion have increased susceptibility to renal injury from 
iodinated radiocontrast media. 56 Both clinical states are asso-
ciated with reduced renal blood   ow, which can exacerbate 
the impact of renal vasoconstriction following intravascular 
radiocontrast administration. Absolute extracellular volume 
depletion due to gastrointestinal (GI) losses or diuresis and 
effective intravascular volume depletion due to advanced 
heart failure or end-stage liver disease, which are associated 
with an increased reliance on the vasodilatory effects of pros-
taglandins to maintain renal microperfusion, also augment 
the risk for CIAKI. 56,57 Similarly, nephrotoxic medications, 
speci  cally nonselective and cyclo-oxygenase-2 selective 
nonsteroidal anti-in  ammatory medications, which inhibit 
vasodilatory prostaglandins in the kidney, are associated 
with an increased risk of CIAKI. 58 Other medications that 
may also increase the likelihood of contrast-associated renal 
injury include aminoglycosides and calcineurin inhibitors. 

Additional factors that have been reported to increase 
the risk of CIAKI include older age, hypertension, and ane-
mia.59,60 However, the independent impact of these factors 
on the risk for CIAKI is uncertain because each is strongly 
correlated with the presence of underlying CKD. Recent 
studies suggest that an elevated serum glucose concentration 
at the time of contrast administration may confer an added 
risk of CIAKI, particularly among nondiabetics. 61 Likewise, 
elevated urinary protein excretion has been shown to be as-
sociated with increased risk of AKI in several clinical settings, 
although its role in the context of contrast administration is 
currently unknown. 62 In animal studies, intratubular light 
chains, particularly if accompanied by intravascular volume 
depletion, augment the nephrotoxic potential of radiocon-
trast media. 34 However, more recent studies in humans do 
not support an association of multiple myeloma with an in-
creased risk for CIAKI. 63 An analysis of 476 patients with 
multiple myeloma who received iodinated contrast revealed 

iodinated contrast media are synergistic, leading to the am-
pli  cation of kidney injury. 

 RISK FACTORS FOR 
CONTRAST-INDUCED 
ACUTE KIDNEY INJURY 
 Patient-Related Risk Factors 
Risk factors for CIAKI can be categorized as patient related 
or procedure related (Table 33.1). CIAKI rarely develops in 
the absence of patient-related risk factors, which are col-
lectively characterized by functional and structural changes 
impairing the capacity of the kidneys to adequately com-
pensate for the hemodynamic and microcirculatory stresses 
caused by iodinated contrast media. Preexisting disease of 
the renal parenchyma (i.e., CKD) is characterized by an 
abnormal medullary microcirculation and a diminished ca-
pacity to compensate for hemodynamic perturbation. Clini-
cal studies con  rm that underlying renal impairment is the 
major patient-related risk factor for CIAKI, with increasing 
levels of dysfunction associated with escalating levels of 
risk.50 In a study of 378 hospitalized patients undergoing 
nonrenal angiography, D’Elia et al. 51 found that preexisting 
renal insuf  ciency was the only risk factor predisposing to 
CIAKI. In an analysis of nearly 3,700 patients, McCullough 
and colleagues 52 found a strong inverse relationship between 
the baseline kidney function and a risk of both CIAKI and 
the need for acute dialysis. Schemata outlining the risk as-
sociated with varying levels of CKD have been proposed. 
For patients with mild to moderate underlying renal insuf  -
ciency, the incidence of CIAKI is approximately 5% to 10%. 
Superimposition of diabetes mellitus on mild to moderate 

Patient Related Procedure Related

Renal impairment  High-osmolal contrast 
      media

Diabetes mellitusa Large contrast volume

Absolute intravascular Multiple sequential 
volume depletion        procedures

Effective intravascular Intra-arterial 
volume depletion       administration

Concomitant nephrotoxic medication use

aAmpli  es risk in the setting of renal impairment; not a strong 
independent risk factor.

Risk Factors for Contrast-Induced 
Acute Kidney Injury

TA B L E

33.1
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incidence of CIAKI across different procedure types have 
been scarce. In a study of 660 patients with CKD, Weisbord 
et al. 76 demonstrated that the incidence of CIAKI, de  ned 
by an increase in SCr   25%, was higher following noncoro-
nary angiography (13.2%) than both coronary angiography 
(8.5%) and CT imaging (6.5%). However, these analyses did 
not account for variation in baseline clinical risk factors such 
as diabetes mellitus, heart failure, and the severity of CKD or 
in differential application of preventive interventions such 
as IV   uids. Differences in such factors may account for the 
higher observed rate of CIAKI following angiography in this 
study and may also underlie the perception that procedures 
involving intra-arterial contrast administration are asso-
ciated with a higher risk of CIAKI than procedures that use 
IV injection. 

 THE CLINICAL PRESENTATION OF 
CONTRAST-INDUCED ACUTE KIDNEY 
INJURY 
CIAKI presents as an acute decline in renal function that 
characteristically develops within 72 hours following 
contrast administration. Serum creatinine typically peaks 
within 3 to 5 days and returns toward baseline levels 
within 7 to 10 days. Most patients with CIAKI remain non-
oliguric, although oliguric acute kidney injury (AKI) may 
occur.  CIAKI is a form of acute tubular necrosis (ATN), for 
which the principal differential diagnoses include  ischemic 
ATN and renal atheroembolic disease. 77 Differentiation 
from  ischemic ATN is generally based on the clinical set-
ting, although distinguishing between these two forms of 
AKI may be dif  cult in hemodynamically unstable  patients 
who sustain episodes of hypotension contempo raneous 
with contrast administration. The urine sediment in CIAKI 
commonly demonstrates coarsely granular “muddy brown” 
casts, as is seen in other etiologies of ATN. The fraction-
al excretion of sodium in  CIAKI is often less than 1%, 
although this does not have suf  cient diagnostic reliability 
to de  nitively differentiate CIAKI from ischemic or other 
forms of ATN. 

Renal atheroembolic disease, which is considerably less 
common than CIAKI and ischemic ATN, results from the 
release of cholesterol crystals and other atheromatous debris 
into the systemic circulation from ulcerated atherosclerotic 
plaques.78 Although renal atheroembolic disease can occur 
spontaneously, it is more common following angiographic 
procedures. 78 The time course of angiography-associated 
atheroembolic disease and CIAKI differ; although acute 
atheroembolism can occur immediately following vascular 
catheterization, more commonly it is delayed, typically de-
veloping days to weeks following vascular instrumentation. 78

Unlike CIAKI, atheroembolic disease is generally associated 
with speci  c systemic manifestations including mesenteric 
ischemia, digital ischemia (“blue toe” syndrome) and livedo 
reticularis, and laboratory abnormalities that include eosino-
philia, eosinophiluria, and hypocomplementemia. 79

an incidence of CIAKI of just 0.6% to 1.25%. 64 Early re-
ports of CIAKI following contrast exposure in patients with 
multiple myeloma may not have fully accounted for other 
comorbid factors such as sepsis and volume depletion. 

In summary, the administration of iodinated contrast 
media leads to hemodynamic and toxic effects that, in healthy 
subjects, are balanced by protective regulatory systems that 
maintain renal parenchymal oxygenation, function, and in-
tegrity. These protective regulatory systems are impaired in 
the setting of patient-related risk factors, particularly preex-
isting CKD, leading to an increased susceptibility to renal 
injury and the development of CIAKI. 

 Procedure-Related Risk Factors 
A series of procedure-related factors have been identi  ed 
that increase the risk for CIAKI. The dose of contrast has 
been the subject of considerable attention, with some studies
demonstrating an association of higher volumes of contrast 
with greater risk and other studies showing no such asso-
ciation.65–67 Miller and colleagues 67 prospectively evaluated 
200 patients undergoing procedures with intravenous or 
intra-arterial contrast and reported no consistent change 
in renal function with increasing doses of contrast media. 
Conversely, Cigarroa et al. 65 demonstrated that decreasing 
the volume of contrast administered during coronary angi-
ography was associated with a reduction in the incidence 
of CIAKI. Although a speci  c threshold volume of contrast 
above which the risk for CIAKI increases substantially has 
not been de  nitively determined, multiple sequential pro-
cedures or procedures employing larger volumes of con-
trast appear to pose a greater risk. Similarly, higher doses 
of iodine have also been associated with a greater risk for 
CIAKI, which has led to the development of formulas that 
incorporate the dose of iodine to estimate risk. 68,69 However, 
the role and importance of an iodine dose relative to the 
overall volume of contrast requires further study. 

The type of contrast agent has also been strongly as-
sociated with risk for CIAKI. The   rst iodinated contrast 
media widely used in clinical practice were high-osmolal 
ionic derivatives of triiodobenzene, such as diatrizoate, 
meglumine, or metrizoate. 70 These high-osmolal contrast 
media (HOCM) were characterized by osmolalities that were 
  ve to eight times greater than blood (approximately 1,500 
to 2,000 mOsm per kilogram of water). A series of studies 
in the early 1990s demonstrated that contrast agents with 
osmolalities of approximately 600 to 850 mOsm per kilo-
gram (low-osmolal contrast media [LOCM]) were less neph-
rotoxic than conventional HOCM. 53,71 A third-generation 
iso-osmolal agent (approximately 300 mOsm per kilogram), 
iodixanol, was introduced in the late 1990s. Several clinical 
trials and meta-analyses have compared the nephrotoxicity 
of this agent with various LOCM, with con  icting results 
(see section on prevention). 72–75

Iodinated contrast media are administered intra- 
arterially in the setting of an angiography and intravenously 
with computed tomography (CT). Direct comparisons of the 
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In clinical practice, the identi  cation of patients with 
CIAKI is based on observing a rise in SCr that occurs in the 
characteristic time frame following contrast administration. 
Because clinically detectable elevations in SCr are not evi-
dent for many hours to days after renal injury, the diagnosis 
and implementation of supportive care are typically delayed. 
Earlier identi  cation of renal injury in the incipient stage of 
AKI could lead to more immediate implementation of sup-
portive care in the postprocedure period. A series of candi-
date urinary and serum biomarkers have been identi  ed for 
the early diagnosis of AKI, including neutrophil gelatinase-
associated lipocalin (NGAL), interleukin-18 (IL-18), and 
kidney injury molecule-1 (KIM-1). 80,81 In addition, these 
biomarkers have the potential to differentiate volume respon-
sive AKI (prerenal azotemia) from intrinsic AKI. Given their 
early expression in the urine following tubular injury, these 
or other biomarkers may ultimately assist in the diagnosis of 
CIAKI prior to a change in SCr. 

 THE INCIDENCE OF CONTRAST-
INDUCED ACUTE KIDNEY INJURY 
The reported incidence of CIAKI is highly dependent on the 
patient population studied and on the criteria employed to 
de  ne renal injury. Serologic criteria that have been used in 
past studies to de  ne CIAKI include an increase in SCr of at 
least 0.3 mg per deciliter, 0.5 mg per deciliter, 1.0 mg per 
deciliter, or 2.0 mg per deciliter, or a relative increase of at 
least 10%, 25%, or 50% within 5 days following contrast 
administration.51,65,72,82–91 D’Elia and coworkers 51 reported 
that 0.68% of nonazotemic patients and 17.4% of azotemic
patients experienced a 1.0 mg per deciliter rise in SCr 
following nonrenal angiography. A 12% incidence of CIAKI 
was reported in seriously ill, hospitalized patients, using an 
elevation in SCr of  1 mg per deciliter within 48 hours as 
the criterion for nephrotoxicity. 92 A study of 537 patients 
undergoing angiography that de  ned CIAKI as an increase 
in SCr of at least 1.0 mg per deciliter within 24 hours 
demonstrated no episodes of CIAKI. 93 More recently, an ob-
servational cohort study by Weisbord and colleagues 76 en-
rolled patients with baseline estimated glomerular   ltration 
rate (eGFR) less than 60 mL/min/1.73m 2 who were under-
going nonurgent coronary or noncoronary angiography or 
CT, and reported on the rates of CIAKI with these proce-
dures. The incidence of CIAKI, de  ned by an increase in SCr 
of  25%, was 13.2% following noncoronary angiography, 
8.5% following coronary angiography, and 6.5% following 
CT scans. 76 Using more robust increments in SCr to de  ne 
CIAKI resulted in considerably lower rates of renal injury 
with less than 1% of patients overall experiencing a rise in 
SCr of  1.0 mg per deciliter. In a  recent  observational study 
of 1,111 hospitalized patients who underwent procedures 
with intravascular contrast, the incidence of CIAKI, de  ned 
as an increase in SCr of   0.5 mg per deciliter within 1 to 5 
days, was as high as 44% among patients with baseline renal 
insuf  ciency and concomitant diabetes. 94

The substantial variability in the reported rates of  CIAKI 
across these and other studies highlights the important  impact 
that patient population, procedure type, and  criteria used to 
de  ne renal injury have on the reported disease  incidence. De-
termining accurate estimates of the incidence of CIAKI, par-
ticularly if de  ned by diminutive increments in SCr, is further 
confounded by the underlying   uctuation in SCr that occurs 
independently of iodinated contrast administration. Bruce 
et al. 95 studied the incidence of AKI, de  ned by an increase 
in SCr  0.5 mg per deciliter or a decrease in eGFR   25%, 
among 11,588 patients who underwent a total of 13,274 CT 
scans either with iodinated contrast (n   5,790) or without 
iodinated contrast (n   7,484). Among patients with baseline 
CKD, the overall incidence of renal injury in patients who did 
not receive iodinated contrast (8.8%) was comparable to that 
of patients who received  iodinated contrast (9.7% with iso-
osmolal iodixanol and 9.9% with low-osmolal iohexol). Thus, 
baseline variability in SCr and factors other than iodinated 
contrast should be considered when estimating the incidence 
of acute kidney injury from contrast administration. 

 OUTCOMES ASSOCIATED WITH 
CONTRAST-INDUCED ACUTE KIDNEY 
INJURY 
 Short-Term Outcomes Associated with 
Contrast-Induced Acute Kidney Injury 
Several studies have demonstrated that CIAKI is associated 
with increased short-term mortality (Table 33.2). 52,96–100

In a retrospective study of 183 hospitalized patients, Levy 
et al. 96 demonstrated that CIAKI was associated with an in-
creased risk of in-hospital mortality after adjustment for un-
derlying level of comorbid illness (odds ratio [OR]   5.5, 
P  .001). McCullough et al. 52 evaluated 1,826 patients who 
had  undergone percutaneous coronary intervention and 
documented an in-hospital mortality rate of 7.1% among pa-
tients with CIAKI (de  ned by an increase in SCr of   25%)
compared to 1.1% in those without CIAKI (P  .0001). 
Patients who developed CIAKI that required renal replace-
ment therapy experienced an in-hospital mortality rate 
greater than 35%. In a retrospective study, Rihal et al. 100

examined outcomes in 7,586 patients undergoing percu-
taneous coronary intervention and reported that patients 
who developed CIAKI had a marked increased risk for in- 
hospital mortality (OR   10.8, P  .0001). Among more 
than 20,000 patients who underwent percutaneous coro-
nary intervention, Bartholomew and colleagues 97 demon-
strated that CIAKI, de  ned by increases in SCr   1.0 mg 
per deciliter, was associated with a striking increase in in-
hospital mortality (OR   22, 95% con  dence interval [CI]: 
16 to 31). In a recent analysis, Shema et al. 94 demonstrated 
that among over 1,100 hospitalized patients who under-
went contrast-enhanced radiographic procedures, CIAKI 
was independently associated with a nearly 10-fold increase 
in in-hospital mortality (OR   9.8, 95% CI: 4.4 to 22.0). 
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Finally, in a retrospective  analysis of over 27,000 patients 
who underwent coronary angiography, Weisbord et al. 99

found that postangiography increases in SCr greater than 
0.25 mg per deciliter but no higher than 0.5 mg per decili-
ter were independently associated with increased in-hospital 
mortality (OR     1.83, 95% CI: 1.35 to 2.49). 

 Prospective observational studies and clinical  trials 
 reveal comparable   ndings. In a study of 439 patients with 
CKD undergoing percutaneous coronary intervention, 
 Gruberg et al. 101  found that in-hospital mortality occurred 
more frequently among patients who developed CIAKI than 
in comparable patients without CIAKI (14.9% versus 4.9%, 
P    .001). In a clinical trial, Marenzi et al. 102  also found that 
patients who developed CIAKI had a signi  cantly increased 
incidence of in-hospital mortality compared to patients who 
did not sustain a postangiography decline in renal function 
(26% versus 1.4%, P    .001). Finally, Maioli et al. 103  demon-
strated that in-hospital mortality among patients who devel-
oped CIAKI was markedly higher than among  patients who 
did not develop this postprocedure complication (11.1% 
versus 0.2%, P    .001). 

 CIAKI is also associated with prolonged hospitaliza-
tion. 97,99,104–107  Bartholomew et al. 97  found that patients who 
developed CIAKI after percutaneous coronary intervention 
(PCI) were 15 times more likely to have their hospitalization 
prolonged more than 4 days. In the aforementioned study by 
Shema et al., 94  CIAKI was associated with a marked increase 
in hospital length of stay (24 days with CIAKI versus 13 days 
without CIAKI, P    .001). Adolph et al. 104  demonstrated that 
the development of  CIAKI resulted in an increased mean du-
ration of hospitalization of 2 days. The extended length of a 
hospital stay associated with CIAKI translates into increased 
health care expenditures. Using  decision a nalytic tech-

niques,  Subramanian et al. 105   reported that a single episode 
of CIAKI  results in an average increase in hospital-related 
costs of more than $10,000. 

 Notwithstanding the   ndings of these studies that 
 demonstrate that CIAKI is associated with increased short-
term mortality and a prolonged duration of hospitalization, 
it is important to note that the causal nature of such associa-
tions has not been established. Risk factors that increase the 
risk for CIAKI (i.e., CKD, heart failure) are also indepen-
dently associated with these adverse short-term outcomes. 

 Long-Term Outcomes Associated with 
Contrast-Induced Acute Kidney Injury 
 In several recent analyses, CIAKI has also been linked with in-
creased longer term mortality (Table 33.3). 100,108–112   Solomon 
et al. 111  demonstrated that the development of CIAKI follow-
ing angiography was associated with a greater than threefold 
increased risk of death, stroke, myocardial infarction, and 
end-stage renal disease at 1 year of follow-up. In a study of 
985 patients, Harjai et al. 109  demonstrated that CIAKI follow-
ing coronary angiography was independently associated with 
an increased likelihood of death at 24 months (hazard ratio 
[HR]     2.6; 95% CI: 1.5 to 4.4). A study by Brown et al. 112

that examined long-term outcomes among 7,856 patients 
found that patients with either transient or persistent post-
angiography decrements in kidney function had a two- to 
threefold increase in long-term mortality. In a smaller study of 
78 patients, Goldenberg and colleagues 108  documented that 
CIAKI that fully recovered within 7 days of angiography was 
associated with a greater than twofold increase in the 5-year 
mortality (HR     2.66, 95% CI: 1.72 to 4.46). The previously 
described study by Rihal et al. 100  also demonstrated that the 

CIAKI, contrast-induced acute kidney injury; OR, odds ratio; CI, con  dence interval; SCr, serum creatinine; eGFR, estimated glomerular   ltration rate.

Association of Contrast-Induced Acute Kidney Injury with Short-Term Risk of Mortality

TA B L E

Study Authors # Study Patients De  nition of CIAKI Adjusted OR for Death 95% CI

Levy et al. 357 ↑  SCr  25% to  2.0 mg/dL 5.5 2.9–13.2

Gruberg et al. 439 ↑  SCr  25% 3.9 2.0–7.6

Shema et al. 1,111 ↑  SCr  50% or ↓  eGFR  25% 3.9 1.2–12.0

McCullough et al. 1,826 ↑  SCr  25% 6.6 3.3–12.9

From et al. 3,236 ↑  SCr  25% or  0.5 mg/dL 3.4 2.6–4.4

Rihal et al. 7,586 ↑  SCr  0.5 mg/dL 10.8 6.9–17.0

Bartholomew et al. 20,479 ↑  SCr  1.0 mg/dL 22  16–31

Weisbord et al. 27,608 ↑  SCr 0.25–0.5 mg/dL 1.8 1.4–2.5

TA B L E
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5-year mortality rate among patients who underwent coro-
nary angiography and  survived to hospital discharge was sig-
ni  cantly higher in those who had experienced CIAKI (44.6% 
versus 14.5%). Finally, James et al. 113 recently demonstrat-
ed that patients sustaining a 50% to 100% increase in SCr 
following coronary angiography doubled their risk of death 
(HR   2.0; 95% CI: 1.69 to 2.36) over the ensuing 3 years, 
whereas patients  sustaining an acute increase in SCr   100% 
experienced a nearly fourfold increased risk of death (HR   
3.72; 95% CI: 2.92 to 4.76). 

Past studies have also demonstrated a relationship be-
tween CIAKI and accelerated progression of CKD. 103,108,113,114

In a study of 78 patients, Goldenberg et al. 108 found that 
patients with a transient postprocedure rise in SCr   25%
or  0.5 mg per deciliter following coronary angiography ex-
perienced a larger decrement in eGFR 2 years following the 
procedure than patients without these transient elevations 
in SCr (   eGFR of   20   11 mL/min/1.73 m 2 versus   6
  16 mL/min/1.73 m 2, P  .02). Maioli et al. 103 reported 
that patients with CIAKI had a 0.2 mg/dL higher mean SCr 
1 month postangiography than did patients without CIAKI 
(P  .001). Finally, James et al. 114 recently documented that 
patients who developed an increase in SCr   0.3 mg/dL or 
between 50% and 99% following coronary angiography 
experienced a more rapid loss of kidney function com-
pared to patients without such changes in kidney function 
(loss of eGFR 0.8 mL/min/1.73m 2 per year versus 0.2 mL/
min/1.73m2 per year). For patients sustaining increases in 
SCr  100%, the long-term rate of loss of eGFR was even 
more marked (2.8 mL/min/1.73m 2 per year). 114 These in-
vestigations also demonstrated an increased risk of mortal-
ity and end-stage renal disease during 3 years of follow-up 
in patients who developed CIAKI with graded risks based 
on the severity of AKI (P  .001 for the trend in mortality 

and ESRD) (Fig. 33.2). 113 As was noted with the associations 
of CIAKI with shorter term outcomes, although there is a 
strong association of CIAKI with longer term mortality and 
more rapid progression of CKD and ESRD, the causality of 
this association has not been determined.

 THE PREVENTION OF CONTRAST-
INDUCED ACUTE KIDNEY INJURY 
 Overview of Prevention 
With a large body of evidence demonstrating associations of 
CIAKI with adverse short and longer term adverse outcomes, 
there has been a substantial emphasis placed on identifying 
interventions to prevent this form of renal injury. CIAKI is 
one of the few forms of AKI that is potentially preventable 
because patients at high risk are easily identi  able and most 
procedures that involve the intravascular administration of 
iodinated contrast are scheduled suf  ciently in advance to 
allow implementation of prophylactic measures. 

The initial step in the prevention of CIAKI is the identi-
  cation of patients at an increased risk. Alternative imaging 
procedures that do not require the use of iodinated contrast 
media, including ultrasonography, nonenhanced CT scans, 
and MRIs and nuclear imaging, should be considered in 
patients at increased risk for CIAKI. This involves a care-
ful assessment of both the risk of CIAKI and any potential 
loss of diagnostic yield with alternative imaging procedures. 
The use of gadolinium enhancement of MRI procedures is 
particularly problematic in patients with advanced CKD 
or ongoing AKI because gadolinium-containing agents are 
associated with the development of nephrogenic systemic 
  brosis in patients with markedly decreased GFR—the 
subset of patients at highest risk of developing CIAKI. 6,7

Association of Contrast-Induced Acute Kidney Injury with Long-Term Risk of Mortality

TA B L E

Study Authors # Study De  nition of Follow-Up  Adjusted 95% CI
 Patients CIAKI  (Months)    HR 

Goldenberg et al. 78 ↑SCr  0.5 mg/dL or  25% 60 2.7 1.7–4.5

Solomon et al. 294 ↑SCr  0.3 mg/dL 12 3.2a 1.1–8.7

Harjai et al. 985 ↑SCr  0.5 mg/dL 24 2.6 1.5–4.4

Roghi et al. 2,860 ↑SCr  0.5 mg/dL 24 1.8 1.0–3.4

Rihal et al. 7,075 ↑SCr  0.5 mg/dL  6 b  b

Brown et al. 7,856 ↑SCr  0.5 mg/dL 90 3.1 2.4–4.0

33.3

aRe  ects incident rate ratio of death, cerebrovascular accident, acute myocardial infarction, and end-stage renal disease.
bSix-month mortality of 9.8% with CIAKI versus 2.3% without CIAKI (p   0.0001).
CIAKI, contrast-induced acute kidney injury; HR, hazard ratio; CI, con  dence interval; SCr, serum creatinine.
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966 SECTION V   ACUTE KIDNEY INJURY

 Preventive measures for CIAKI can be categorized into 
four principal strategies: (1) the use of less nephrotoxic 
contrast agents; (2) the provision of preemptive renal re-
placement therapy to remove contrast from the circulation; 
(3) the use of pharmacologic agents to counteract the neph-
rotoxic effects of contrast media; and (4) the administration 
of IV   uids to expand the intravascular space and enhance 
diuresis. 

 The Choice of Contrast Agent 
 Various physicochemical properties of iodinated contrast me-
dia, including ionicity, osmolality, and viscosity, have been im-
plicated in the development of CIAKI. All  iodinated contrast 
agents contain either a single triiodobenzene ring or are di-
meric structures with two triiodobenzene rings (Fig. 33.3). 70  
The initial contrast media were monomeric  sodium or me-
glumine salts of triiodobenzoic acid  derivatives. These agents 
are characterized as ionic because they  dissociate in aque-
ous solution, and as high osmolal, with osmolalities ranging 
from approximately 1,500 mOsm per kilogram to greater 
than 2,000 mOsm per kilogram. The next generation of con-
trast media included nonionic derivatives of triiodobenzene. 
Because these agents do not dissociate in an aqueous solu-
tion, an equivalent dose of iodine is provided with approxi-
mately half the osmolal load ( approximately 600 mOsm per 
kilogram to 1,000 mOsm per kilogram),  resulting in these 
agents being characterized as low  osmolal, although they still 
have a much higher  osmolality than plasma. Low-osmolal 

agents can also be ionic,  consisting of a dimeric structure 
derived from triiodobenzene and triiodobenzoic acid. Most 
recently, nonionic,  iso-osmolal (osmolality approximately 
300 mOsm per kilogram) agents have been synthesized as 
dimeric  derivatives of triiodobenzene. Although these newer 

FIGURE 33.2 Cumulative incidence of (A) mortality, (B) end-stage renal disease (ESRD), and (C) hospitalization for all causes  
according to stage of acute kidney injury (AKI) de  ned according to the Acute Kidney Injury Network criteria (AKI stage 1:  0.3 mg/dL  
absolute or 1.5- to twofold relative increase in serum creatinine; AKI stage 2:  two- to threefold increase in serum creatinine; AKI 
stage 3:  threefold increase in serum creatinine or serum creatinine  4.0 mg/dL with an acute rise of  0.5 mg/dL). Reprinted with 
permission from James MT, et al. Associations between acute kidney injury and cardiovascular and renal outcomes after coronary 
 angiography. Circulation. 123(4):409–416.
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agents have a lower osmolality than “low-osmolal contrast 
media,” which is thought to decrease their toxicity, their 
larger molecular size results in increased viscosity. Studies 
in animal models demonstrate that higher viscosity increases 
the transit time of contrast in the renal tubular   uid, raises 
hydrostatic pressure, and reduces glomerular   ltration. 115 It 
has also been suggested that higher viscosity leads to a more 
pronounced aggregation of red blood cells and decreased 
red blood cell velocity in the medullary vessels. 116 Although 
HOCM and LOCM have lower viscosities than iso-osmolal 
contrast media (IOCM) particularly at room temperature, 
preheating may represent a means to  reduce viscosity prior 
to administration. 117

A substantial body of research has been devoted to dis-
cerning the relationship between the osmolality of  various
contrast media and the risk for CIAKI. Early studies fo-
cused on the comparative nephrotoxicity of HOCM and 
LOCM.53,71 Following the performance of a series of small 
studies, Rudnick et al. 53 reported the results of the Iohexol 
Cooperative Study, a multicenter clinical trial comparing 
high-osmolal diatrizoate with low-osmolal iohexol in 1,196 
patients undergoing nonemergent coronary angiography. 
Overall, CIAKI was less common with iohexol than with 
diatrizoate (3.2% versus 7.1%, p  0.002). The lower risk of 
CIAKI with iohexol was particularly notable among the sub-
set of patients with both diabetes mellitus and baseline renal 
impairment. Using data from this and several other trials, 
Barrett and Carlisle 71 conducted a meta-analysis demonstrat-
ing a lower risk of CIAKI, de  ned by a rise in SCr   0.5 mg 
per deciliter, with LOCM compared to HOCM (OR    0.61; 
95% CI: 0.48 to 0.77). Among patients with underlying re-
nal impairment, the odds of CIAKI with LOCM decreased 
further to 0.5 (95% CI: 0.36 to 0.68). These studies helped 
establish a sound evidence basis for the preferential use of 
LOCM rather than HOCM in patients with impaired kidney 
function.

More recently, clinical trials have examined the rela-
tive nephrotoxicity of LOCM and the iso-osmolar agent 
iodixanol. Although some of these studies demonstrated a 
lower incidence of CIAKI associated with iodixanol than 
with certain LOCM (i.e., iohexol, ioxaglate), the results have 
not been consistent across studies, with other studies dem-
onstrating comparable rates of CIAKI with iodixanol and 
LOCM.72,75,90,118–122 Meta-analyses of these data suggest that 
although iodixanol may be associated with a lower risk of 
CIAKI than speci  c low-osmolal agents (e.g.,  iohexol, ioxa-
glate), this bene  t is not seen across the entire spectrum of 
LOCM.73,74,123–125 The composite   ndings of the clinical tri-
als and meta-analyses to date are re  ected in clinical practice 
guidelines issued by the American College of Cardiology/
American Heart Association in 2009, which recommend the 
use of iso-osmolal iodixanol or LOCM exclusive of iohexol 
or ioxaglate in patients with chronic kidney disease under-
going angiography. 126 The European Society of Urogenital 
Radiology has recommended the use of either LOCM or 
IOCM in patients at an increased risk of CIAKI. 127

 Use of Renal Replacement Therapies 
to Prevent Contrast-Induced Acute 
Kidney Injury 
Because of their water solubility, limited protein binding, 
and restriction of distribution to the extracellular space, 
iodinated contrast media are ef  ciently cleared by hemo-
dialysis, an observation that has led to studies investigat-
ing the role of prophylactic renal replacement therapy for 
the prevention of CIAKI. These studies were based on the 
hypothesis that accelerated removal of iodinated contrast 
from the circulation will reduce renal exposure and mini-
mize the development of CIAKI. Lee et al. 128 found a small-
er  decrement in creatinine clearance and a less frequent 
requirement for chronic hemodialysis among 82 patients 
with advanced CKD undergoing a coronary angiography 
who were randomized to receive prophylactic hemodialy-
sis compared to patients who did not receive  prophylactic 
hemodialysis. However, the small sample size, inaccuracy 
of the primary endpoint that was based on 24-hour urine 
collection for the calculation of creatinine clearance, and 
paucity of patients who progressed to ESRD preclude 
meaningful conclusions from this trial. However, the 
bene  t seen in this study has not been supported by the 
majority of other trials conducted over the past 2 decades, 
which found either no bene  t or increased rates of CIAKI 
in patients who received prophylactic hemodialysis. 129–134

Collectively, available data to date indicate that prophylac-
tic hemodialysis does not reduce the incidence of CIAKI 
and may be associated with potential harm and increased 
cost.135,136

Continuous renal replacement therapy (CRRT) also ef-
fectively removes iodinated contrast from the circula-
tion, albeit at a slower rate than conventional intermittent 
hemodialysis. Two trials conducted by Marenzi and col-
leagues137,138 studied the role of continuous veno-venous 
hemo  ltration (CVVH) for the prevention of CIAKI, and 
both studies reported that this therapy reduces the risk for 
CIAKI and death. However, the primary endpoint in both 
trials was de  ned by small increases in SCr, an endpoint of 
questionable validity given that CVVH directly lowers the 
serum creatinine concentration. Therefore, given the level of 
existing evidence as well as issues related to cost and risks 
of CRRT, the preemptive use of this therapy to prevent the 
development of CIAKI or its attendant complications cannot 
be recommended. 

 Pharmacologic Agents to Prevent 
Contrast- Induced Acute Kidney Injury 
A large number of pharmacologic agents have been investi-
gated for the prevention of CIAKI. Although none have been 
de  nitively shown to be effective, these agents can be catego-
rized into those that have been shown to be ineffective (and 
in some cases harmful) and those for which the evidence 
basis upon which to determine effectiveness is  inadequate
(Table 33.4). 
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 Diuretics 
By virtue of its inhibition of active sodium transport in the 
ascending limb of the Henle loop, furosemide was proposed 
as a potential intervention that would reduce oxygen use 
and, hence, decrease the risk of nephrotoxicity of iodinated 
contrast. This theoretical bene  t of furosemide has not been 
borne out in clinical trials. In a study by Solomon et al., 17 the 
addition of furosemide to hypotonic sodium chloride was 
associated with a higher incidence of CIAKI than periproce-
dural hypotonic saline alone (40% versus 11%, P  .02). The 
ineffectiveness of furosemide was consistent with an earlier 
report that also demonstrated furosemide to be  associated
with a higher risk of CIAKI. 139 Several studies have also in-
vestigated the role of mannitol for the prevention of CIA-
KI.84,140,141 Mannitol results in an osmotic  dieresis, increases 
medullary blood   ow, and serves as a scavenger of reactive 
oxygen species. However, clinical studies have failed to dem-
onstrate a bene  cial effect of mannitol for this purpose. In 
the aforementioned trial by Solomon et al., 17 patients who 
received mannitol in combination with hypotonic saline had 
a greater risk of developing CIAKI than did patients who 
received hypotonic saline alone (relative risk [RR] 2.61, 95% 
CI: 0.76 to 9.03). In a subsequent study, Majumdar et al. 142

evaluated the effect of forced isovolemic diuresis with a com-
bination of furosemide and mannitol to volume administra-
tion with hypotonic saline. Similar to the results in the prior 
study, the use of mannitol and saline was associated with a 
signi  cantly increased risk of CIAKI despite the use of a pro-
tocol to ensure that intravascular volume was maintained. 
The carbonic anhydrase inhibitor acetazolamide was shown 
to be renoprotective in a rat model of CIAKI, perhaps by 
means of attenuating oxygen free radical formation through 
alkalinization of the urine. 143 Two studies demonstrated 

lower rates of CIAKI among patients who were administered 
acetazolamide, but the studies were insuf  cient in size to 
permit meaningful conclusions on the effectiveness of this 
agent.144,145

 Calcium Channel Blockers 
Calcium channel blockers have vasodilatory effects, which 
have led to their evaluation for the prevention of CIAKI. 
Cacoub and colleagues 146 retrospectively studied 26 patients, 
11 of whom received nifedipine before and after iodinated 
contrast administration, and reported comparable rates of 
CIAKI among patients who had and had not received this 
agent. Khoury et al. 147 randomized 85 patients to receive IV 
  uids with or without nifedipine and failed to demonstrate 
a reduced incidence of CIAKI in patients who received this 
calcium channel blocker. 

 Dopamine and Fenoldopam 
At low doses, dopamine increases renal blood   ow and in-
hibits sodium reabsorption in the proximal tubule. 148 Several 
studies have investigated the use of prophylactic dopamine 
to reduce the propensity for iodinated contrast media to in-
duce renal injury. 148–150 Although small studies suggested a 
bene  cial effect, larger clinical trials have failed to con  rm 
these   ndings. 148–151 In a study of patients with CKD un-
dergoing coronary angiography, Weisberg and colleagues 148

compared renal blood   ow and the incidence of CIAKI be-
tween subjects treated with low dose dopamine coupled 
with 0.45% saline and patients who received 0.45% saline 
alone. Despite observing a sustained increase in renal blood 
  ow with dopamine, overall rates of CIAKI between the two 
groups were similar (6 out of 15 versus 5 out of 15, p  1.0).
Of note, diabetics treated with dopamine experienced more 
CIAKI than diabetics treated with saline alone. More recently, 
Abizaid et al. 152 conducted a randomized trial comparing the 
effects of dopamine added to IV saline on rates of CIAKI fol-
lowing coronary angiography. No bene  t was observed for 
subjects who received dopamine. Thus, although low dose 
dopamine increases renal blood   ow, this hemodynamic ef-
fect has no impact on diminishing the nephrotoxic effect of 
iodinated contrast and may be detrimental to patients with 
underlying diabetes mellitus. 

Fenoldopam is a selective dopamine receptor agonist 
and vasodilator that is used for the treatment of hyperten-
sive emergency. Studies in humans have shown that fenoldo-
pam dilates renal vessels and augments renal perfusion, 
properties that informed studies investigating its potential 
to prevent CIAKI. 153–156 Several studies reported that peri-
procedural fenoldopam administration reduced the inci-
dence of CIAKI.155–160 However, most were uncontrolled, 
nonrandomized or of limited sample size. Two randomized 
controlled trials found no bene  t to fenoldopam for the 
prevention of CIAKI. In a randomized trial of 123 patients, 
Allaqaband et al. 161 compared half-isotonic saline alone to 
either half-isotonic saline plus fenoldopam or half-isotonic

Ineffective Indeterminate Effectiveness

Loop diureticsa Atrial natriuretic peptide

Dopaminea Theophylline/aminophylline

Fenoldopama Statins

Calcium channel Prostaglandin analogs
blockers N-acetylcysteine

  Bosentan
  Allopurinol
  Acetazolamide

aPotentially deleterious.

Pharmacologic Agents for the 
 Prevention of Contrast-Induced 
Acute Kidney Injury

TA B L E

33.4
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saline plus N- acetylcysteine. There was no difference in 
the incidence of CIAKI across the three treatment arms 
(P  .92). In a subsequent study, Stone et al. 162 randomized 
315 patients with CKD to receive IV   uids with or without 
IV fenoldopam before and after coronary angiography. The 
incidence of CIAKI, de  ned as an increase in SCr of at least 
25% within 96 hours, was 33.6% in patients assigned to re-
ceive fenoldopam as compared to 30.1% in patients assigned 
to placebo (P  .61). There were also no signi  cant differ-
ences in the rates of rehospitalization, the need for dialysis, 
or 30-day mortality. The data therefore do not support the 
use of fenoldopam for the prevention of CIAKI. 

 Atrial Natriuretic Peptide 
The renal vasodilatory properties of atrial natriuretic peptide 
(ANP) have led to interest in this agent for the prevention 
and treatment of many etiologies of AKI, including CIAKI. 
Although early studies using animal models suggested a ben-
e  t with ANP, clinical trials of ANP in CIAKI have  yielded
con  icting results. 31,55,163–165 In a multicenter, randomized 
controlled trial, Kurnik et al. 163 assigned 247 patients with 
baseline CKD to placebo or one of three doses of ANP (0.01 
mcg per kilogram per minute, 0.05 mcg per kilogram per 
minute, or 0.1 mcg per kilogram per minute) beginning 
30 minutes prior to and continuing until 30 minutes after 
radiocontrast administration. There was no bene  cial effect 
of ANP on the development of CIAKI, with an incidence of 
CIAKI of 19% in patients receiving placebo as compared to 
25% in patients receiving the highest dose of ANP. In a more 
recent study, Morikawa and colleagues 164 randomized 254 
patients with CKD undergoing coronary angiography with 
or without PCI in an unblinded fashion to ANP at a dose of 
0.042 mcg per kilogram per minute and IV   uids or to IV 
  uids alone. CIAKI occurred less frequently among patients 
who received ANP than among patients in the control group 
(3.2% versus 11.7%, P  .015), and the incidence of persis-
tent decline in kidney function at 1 month was lower among 
patients randomized to ANP. The difference in the results in 
these two trials may relate to differences in the study proto-
cols; in the study by Morikawa et al., the ANP infusion rate 
was lower than the maximal rate in the Kurnik study, and the 
duration of infusion was more prolonged. Although these 
data suggest a potential bene  t to ANP for the prevention 
of CIAKI, further study is required to establish the potential 
role for this agent. 

 Theophylline/Aminophylline 
Research demonstrating that adenosine may be an impor-
tant mediator in the pathogenesis of CIAKI prompted an 
investigation of theophylline, an adenosine antagonist, as 
a potential protective agent in patients receiving radiocon-
trast.166,167 Initial human studies suggested that kidney 
function was preserved by IV theophylline in patients re-
ceiving contrast. 168 These observations led Erley et al. 166

to conduct a prospective randomized clinical trial of 

theophylline in combination with IV saline in 80 patients. 
In this study, theophylline offered no bene  t in prevent-
ing CIAKI, although the incidence was low in both the 
theophylline and the placebo groups. Similarly, a random-
ized trial of patients undergoing angiography compared 
aminophylline, dopamine, and saline, and demonstrated 
no reduction in the incidence of renal injury with amino-
phylline.69 In contrast, Huber et al. 134 observed a reduc-
tion in the incidence of CIAKI from 20% to 4% following 
pretreatment with oral theophylline in a study of 100 pa-
tients with CKD. In an effort to reconcile these con  icting 
studies, Ix et al. 169 conducted a meta- analysis that included 
seven randomized trials of theophylline or aminophylline 
encompassing 480 patients. In this pooled analysis, 
patients treated with theophylline or aminophylline expe-
rienced a smaller mean increase in SCr than did patients 
in the study control arms (0.13 mg per deciliter; 95% CI: 
0.06 to 0.22 mg per deciliter; P  .004). Adverse effects 
of therapy and the incidence of longer term outcomes of 
CIAKI were not reported in the majority of studies. In a 
second meta-analysis of nine randomized controlled trials 
involving 585 patients, Bagshaw and Ghali 170 reported an 
odds ratio for the development of CIAKI of 0.40 (95% 
CI: 0.14 to 1.16; P  .09) associated with theophylline 
administration using a random-effects model. They cau-
tioned, however, that there was signi  cant heterogeneity 
across trials and that the pooled results required cautious 
interpretation. Kelly and colleagues 171 reached a similar 
conclusion in a meta-analysis of six studies that included 
531 patients, with an odds ratio for the development of 
CIAKI associated with theophylline of 0.49 (95% CI: 0.23 
to 1.06). Given the potential side effects of theophylline 
and the limited quality of existing data, it is premature 
to conclude that this agent is protective in the setting of 
contrast administration. 

 Statins 
By virtue of their antioxidant and anti-in  ammatory proper-
ties and their effects on endothelial function, statins have been 
hypothesized to be potentially protective against the develop-
ment of CIAKI. 172–175 Preliminary observational analyses sug-
gested that statins are effective at reducing the incidence of 
renal injury from contrast. However, a trial by Jo et al. 175 that 
randomized patients to four 40 mg doses of simvastatin or 
placebo at the time of coronary angiography failed to demon-
strate a bene  t to simvastatin therapy. A recent single-center 
trial by Toso et al. 176 randomized 304 patients with CKD 
to receive 80 mg of atorvastatin or placebo daily for 2 days 
prior to and 2 days following coronary angiography. CIAKI, 
de  ned as an increase in SCr   0.5 mg per deciliter within 
5 days, developed in 10% of atorvastatin-treated patients and 
11% of placebo-treated patients (P  .86). No differences 
were seen between the groups in the incidence of persistent 
renal injury at 30 days following angiography. Thus, data to 
date are insuf  cient to support the administration of statins 
for the prevention of CIAKI. 
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 Prostaglandins 
Prostaglandins (PGI2 and PGE2) have vasodilatory  actions in 
the kidney and may attenuate the vasoconstrictive effects of 
iodinated contrast. Studies in animal models suggest a po-
tential bene  cial role of prostaglandins for the prevention 
of nephrotoxicity caused by iodinated  contrast.10,23 Spargias 
and colleagues 177 conducted a randomized clinical trial in 
208 patients with CKD who were undergoing coronary an-
giography. Patients were randomized to receive placebo or 
iloprost, a PGI2 analog, at a dose of 1 ng per kilogram per 
minute prior to and following the angiography. The inves-
tigators found a lower incidence of CIAKI, de  ned by an 
increase in SCr   0.5 mg per deciliter or  25% within 2 
to 5 days, with iloprost compared to placebo (8% versus 
22%, P  .005) with few adverse events. Notwithstanding 
the reasonably substantial reduction in the incidence of 
CIAKI, several caveats must be considered in interpreting 
the results of this trial. First, the study’s power was based 
on the assumption of a 70% reduction in the incidence of 
the primary outcome with iloprost, a biologically and clini-
cally implausible effect size. Second, the effects of iloprost 
on longer term adverse outcomes were not tracked. Until ad-
equately powered studies that comprehensively investigate 
the short- and long-term risk/bene  t ratio of prostaglandins, 
the routine use of these agents for the prevention of CIAKI 
cannot be recommended. 

 N-Acetylcysteine (NAC) 
The rationale for the use of NAC for the prevention of CIAKI 
relates to its capacity to serve as a ROS scavenger, reduce 
the depletion of glutathione, and stimulate the production 
of vasodilatory agents such as nitric oxide. 178,179 Studies in 
animal models of AKI demonstrate that the administration 
of NAC reduces oxidative damage, attenuates renal medul-
lary vasoconstriction, and decreases renal injury. 178,180 These 
animal models provided the scienti  c basis for human  studies 
of NAC for the prevention of CIAKI. An initial trial by  Tepel 
et al., 181 published in 2000, described the ef  cacy of NAC for 
the prevention of CIAKI. In this study, 83 patients undergo-
ing contrast-enhanced CT scans were randomized to receive 
600 mg of NAC or placebo twice daily on the day prior to 
and the day of the procedure. A lower proportion of patients 
randomized to NAC developed CIAKI than did patients ran-
domized to placebo (2% versus 21%, P  .01). Similar  results 
were reported by Diaz-Sandoval et al., 182 who randomized 
54 patients undergoing coronary angiography to NAC or 
placebo and also demonstrated a markedly lower incidence 
of CIAKI among patients who had received NAC (8% versus 
45%, P  .005). Similarly, Shyu and colleagues 183 randomized 
121 patients with signi  cant baseline CKD (SCr   2.8 mg 
per deciliter) who were undergoing coronary  intervention 
to NAC or placebo and also demonstrated a lower rate of 
CIAKI among patients who had received NAC (3% versus 
25%; P  .001). These initial positive   ndings were followed 
by multiple additional trials that yielded highly con  icting 

results (Table 33.5). 86,102,161,181–203 In an effort to reconcile 
the incongruent clinical trial   ndings, multiple meta-analyses 
have analyzed the pooled results of these studies. 204–221 In one 
of the larger meta-analyses, Kelly and colleagues 171 included 
26 trials encompassing 3,393 patients and found a 38% re-
duction in the risk of CIAKI associated with NAC (RR  0.62; 
95% CI: 0.44 to 0.88). Although the investigators reported 
heterogeneity among the pooled  studies, they found no evi-
dence of publication bias. In another meta-analysis of 22 trials 
that included 2,746 patients published nearly simultaneously 
with the Kelly study, Gonzalez et al. 211 found signi  cant het-
erogeneity among the trials. Using cluster analyses, the inves-
tigators divided the trials into two groups that had minimal 
heterogeneity. One cluster included trials in which NAC was 
found to be protective, and was characterized by an observed 
decline in SCr following contrast administration among pa-
tients treated with NAC, whereas the other cluster consisted 
of studies in which there was no fall in SCr in the NAC-treated 
patients and no overall bene  t for the prevention of CIAKI. 
The investigators concluded that NAC was not effective for 
the prevention of CIAKI. Trevidi and colleagues 219 performed 
a meta-analysis of 16 studies, encompassing 1,677 patients, 
in which the dose of NAC was greater than 1,200 mg. In this 
analysis of “high-dose” therapy, NAC was associated with an 
odds ratio for the development of CIAKI of 0.46 (95% CI: 
0.33 to 0.63). Thus, the conclusions of multiple meta- analyses 
of NAC are as contrasting and inconclusive as the   ndings 
of the primary clinical trials. Since the publication of these 
meta-analyses, Berwanger and colleagues 221a reported the re-
sults of a randomized clinical trial comparing NAC to placebo 
in 2,308 patients undergoing angiography. The study did not 
demonstrate a bene  t to NAC; however, only a small minority 
of trial participants had abnormal baseline kidney function, 
rendering the study population at low overall risk for CIAKI. 
However, given the low cost and minimal risk associated with 
oral NAC, the Kidney Disease Improving Global Outcomes 
(KDIGO) Clinical Practice Guideline for Acute Kidney Injury 
suggests its use in conjunction with isotonic crystalloid ad-
ministration in patients at high risk for CIAKI. 222

 Additional Pharmacologic Agents 
A series of additional pharmacologic agents have been in-
vestigated for their capacity to prevent the development of 
CIAKI. Wang et al. 223 randomized 158 patients undergoing 
coronary angiography to receive the nonselective endothe-
lin (ET A/ETB) receptor antagonist bosentan or placebo. The 
mean increase in SCr 48 hours following  angiography was 
signi  cantly higher in the treatment group than in the pla-
cebo group (0.7    0.7 versus 0.4    0.6 mg per deciliter; 
P  .002), and the incidence of CIAKI was also higher among 
patients who received bosentan (56% versus 29%; P  .002). 
Katholi et al. 224 studied the effect of allopurinol in 39 pa-
tients with mild kidney disease. Allopurinol- treated patients 
with low plasma Mg 2  had somewhat milder  decrements 
in creatinine clearance following contrast  administration
than control, hypomagnesemic patients (33% versus 79%, 
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respectively). However, in normomagnesemic patients, allo-
purinol did not affect the  decline in kidney function. At pres-
ent, the data are  insuf  cient to establish any role for either of 
these agents for the prevention of CIAKI. 

 Intravenous Fluids for the Prevention of 
Contrast-Induced Acute Kidney Injury 
The principal intervention that has been shown to be ef-
fective in reducing the risk for CIAKI is the administration 
of IV   uid. 84,87,91,225 Intravascular volume expansion is be-
lieved to have two physiologic effects that protect against 
the development of CIAKI. First, expansion of the intra-
vascular space may attenuate the vasoconstrictive effect of 
contrast by means of suppressing vasopressin, inhibiting the 
renin– angiotensin–aldosterone system, and inducing the 
synthesis of vasodilatory renal prostaglandins. 226 Second, 
intravascular volume expansion may counteract the direct 
toxicity of iodinated contrast on tubular epithelial cells by 
decreasing the concentration and viscosity of contrast media 
in the tubular lumen. 226

Early animal studies provided preliminary, albeit indi-
rect, support for the bene  t of intravascular volume expan-
sion. Larson and colleagues 227 evaluated the degree and 
duration of contrast-induced vasoconstriction in sodium-
depleted and sodium-replete dogs. Renal blood   ow was 
reduced to a considerably greater degree (42.2% versus 
12.2%) and for a longer period of time (343 seconds ver-
sus 147 seconds, P  .01) in sodium-depleted compared to 
sodium-replete dogs. Yoshioka et al. 43 assessed the impact 
of contrast administration on glomerular   ltration in water-
deprived and non-water-deprived rats and in water-deprived 
rats that received sodium chloride. An early (24 hours) and 
a sustained reduction in glomerular   ltration was observed 
in water-deprived rats, whereas non-water-deprived rats and 
water-deprived rats that were administered sodium chloride 
experienced no reduction in GFR. Finally, Erley et al. 20 stud-
ied the impact of contrast on rats, including a group that was 
administered L-NAME, which contributes to a  nitric oxide–
depleted state. Among volume-depleted rats administered 
L-NAME, iodinated contrast reduced GFR (1.25 mL per 
minute to 0.89 mL per minute, P  .05). This effect was di-
minished in volume-depleted rats in the absence of L-NAME 
and was absent in volume-expanded L-NAME rats. Col-
lectively, these studies highlight the association of volume- 
depleted states with an increased risk for CIAKI. 

Human data on the bene  t of intravascular volume ex-
pansion derived initially from observational studies. In 1981, 
Eisenberg et al. 88 reported the results of a single arm observa-
tional study of 537 patients who received intravascular vol-
ume expansion with an average volume of 550 mL of isotonic 
NaCl during each hour of angiography. CIAKI did not develop 
in any study patients compared to 12% of patients in a his-
toric cohort who had received 80 mL per hour of 5% dex-
trose in water. Subsequently, Kerstein and Puyau 228 studied 
the effect of 0.5% NaCl in 5% dextrose administered prior 

to and following noncoronary angiography in 150 patients. 
Study participants with baseline renal insuf  ciency received 
an additional 300 to 500 mL of IV   uid and 20 to 40 mg 
of furosemide prior to the procedure. None of the patients 
were observed to have developed CIAKI. However, this study 
had no control group and enrolled a relatively low-risk pa-
tient population. Nonetheless, these observational studies 
provided early insights into the potential bene  t of IV volume 
expansion for the prevention of CIAKI. 

Several randomized clinical trials over the past 2 decades 
have examined the effect of IV volume expansion in the pre-
vention of CIAKI, and provide preliminary data on the com-
parative effects of IV   uid composition. In 1994, Solomon et 
al.84 published the results of a three-armed clinical trial of pa-
tients undergoing coronary angiography comparing prophy-
lactic IV 0.45% saline to prophylactic IV 0.45% saline with 25 
g of IV mannitol or 80 mg of IV furosemide. Overall, 11% of 
patients who received IV   uid alone developed CIAKI com-
pared to 28% of patients who also received mannitol and 40% 
in those who also received furosemide. The absence of a con-
trol group who received no IV   uid precluded a conclusion 
that IV   uids were de  nitively bene  cial. However, Trivedi 
et al. 225 subsequently con  rmed the bene  t of IV volume ex-
pansion in a clinical trial that enrolled patients undergoing 
nonemergent coronary angiography. Patients were random-
ized to receive either IV isotonic sodium chloride for 12 hours 
prior to and 12 hours following angiography or unrestricted 
oral   uids. The study was stopped by the safety monitor after 
just 53 patients had been enrolled because the rate of CIAKI 
was markedly lower in the IV saline group than in the oral 
  uid group (3.7% versus 34.6%; P  .005). 

Mueller et al. 87 compared the effects of hypotonic and 
isotonic saline in over 1,600 low-risk patients undergoing 
coronary angiography who were randomized to receive peri-
procedural IV 0.45% saline or 0.9% saline. The overall rate 
of CIAKI was greater in patients who received half-isotonic 
saline compared to those who were administered isotonic 
saline (2% versus 0.7%, P  .04). Notwithstanding the de-
cidedly low-risk pro  le of this study’s patient population, 
this trial has served as the justi  cation for the widespread 
belief that isotonic saline is superior to hypotonic saline for 
the prevention of CIAKI. 

Recent research on IV   uid composition has focused on 
the comparison of isotonic sodium bicarbonate with isotonic 
sodium chloride. The belief that the generation of ROS in 
the kidney, which is augmented by acidic urine and con-
tributes to renal tubular cell injury, and that the alkalization 
of the urine with the administration of IV bicarbonate at-
tenuates this process, forms the physiologic framework for 
clinical studies comparing isotonic IV   uids that differ in 
respect to the anion component (HC O3

  v. Cl  ). Merten and 
colleagues91 conducted the initial clinical trial comparing 
the bene  ts of isotonic bicarbonate to isotonic saline. One 
hundred and nineteen patients were randomized to one of 
two   uid regimens; 8 of 59 patients (13.6%) randomized 
to receive isotonic saline developed CIAKI as compared to 

972



CHAPTER 33  CONTRAST-INDUCED ACUTE KIDNEY INJURY 973

1 of 60 patients randomized to receive isotonic bicarbon-
ate (P  .02). Subsequently, at least nine other clinical  trials
comparing IV isotonic bicarbonate with IV isotonic saline 
have been published, slightly more than half of which have 
demonstrated a lower incidence of CIAKI with bicarbonate 
(Table 33.6). 103,104,144, 229–234

In response to the disparate results of these clinical trials, 
nearly a dozen systematic reviews and meta-analyses compar-
ing the effectiveness of bicarbonate and saline have been per-
formed.207,229,230,235–242 Zoungas et al. 235 pooled the   ndings of 
23 published and unpublished trials that included more than 
3,500 patients and found a reduction in the risk of CIAKI with 
IV bicarbonate compared to saline (RR    0.62; 95% CI: 0.45 
to 0.86). However, they also noted signi  cant study heteroge-
neity and evidence of publication bias. Sensitivity analyses re-
stricted to published studies demonstrated a signi  cantly  lower 
risk of CIAKI with bicarbonate (RR   0.43, 95% CI: 0.25 to 
0.75), whereas analyses focused on unpublished trials failed 
to demonstrate such a bene  t (RR    0.78, 95% CI: 0.52 to 
1.17) (Fig. 33.4). Another recent meta-analysis by Kunadian et 
al.242 included data from seven published trials that also dem-
onstrated a lower risk of CIAKI with IV isotonic bicarbonate 
(OR  0.33, 95% CI: 0.16 to 0.69). However, the investigators 
also reported study heterogeneity and publication bias, which 

impact the interpretation of bene  t. Thus, based on the current 
level of evidence, there is considerable uncertainty  regarding 
the true bene  t of isotonic bicarbonate as compared to saline. 
Given this uncertainty, and the potential for medical errors in 
compounding isotonic bicarbonate solutions in the absence of 
commercially available preparations, the KDIGO Clinical Prac-
tice Guideline for Acute Kidney Injury did not make a recom-
mendation favoring either isotonic bicarbonate or saline. 222

 Current Recommendations for the 
Prevention of Contrast-Induced Acute 
Kidney Injury 
Once a determination has been made that a procedure us-
ing intravascular iodinated contrast is required in a patient at 
increased risk for CIAKI, steps to attenuate that risk should 
be  implemented based on our current understanding of 
the preventive modalities discussed previously. Modi  able 
patient-related risk factors should be addressed. Overt intra-
vascular volume depletion should be corrected in all patients 
prior to the administration of iodinated radiocontrast. Based 
on our understanding of the pathophysiology of CIAKI and 
data from animal studies, nonselective nonsteroidal anti-
in  ammatory medications and selective cyclooxygenase-2 

Clinical Trials of Intravenous Isotonic Sodium Bicarbonate and Saline for the Prevention of 
Contrast-Induced Acute Kidney Injury

Authors # Study  Diabetes Baseline De  nition % CIAKI  % CIAKI 
 Patients  (%) SCr (mg/dL) of CIAKI Bicarbonate Saline

Positive studies

 Briguori et al. 219 52% 2.0 ↑  SCr  25% 1.9% 9.9%
 Masuda et al. 59 31% 1.3 ↑  SCr  0.5 mg/ 6.6% 34.5%

      dL or  25%
 Merten et al. 119 48% 1.7–1.9 ↑  SCr  25% 1.7% 13.6%
 Ozcan et al. 176 45% 1.4 ↑  SCr  0.5 mg/ 4.2% 16.6%

      dL or  25%
 Pakfetrat et al. 192 30% 1.1 a 4.2% 12.5%
 Recio-Mayoral et al. 111 30% 1.0 ↑  SCr  0.5 mg/dL 1.8% 21.8%

Negative studies

 Adolph et al. 145 34% 1.5–1.6 ↑  SCr  0.5 mg/ 4.2% 2.7%
       dL or  25%

 Brar et al. 353 44% 1.5 ↓  eGFR  25% 13.3% 14.6%
 Maioli et al. 502 24% 1.2 ↑  SCr  0.5 mg/dL 10% 11.5%
 Vasheghani et al.b 265 22% 1.6–1.6 ↑  SCr  0.5 mg/ 7.4% 5.9%

       dL or  25%

aThree de  nitions of CIAKI assessed; differences between bicarbonate and saline based on ↑  SCr  0.3 mg/dL.
bBicarbonate administered as 75 mL of 8.4% sodium bicarbonate added to 1 L isotonic saline.
CIAKI, contrast-induced acute kidney injury; SCr, serum creatinine; eGFR, estimated glomerular   ltration rate.

33.6
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 inhibitors, which inhibit the production of  vasodilatory pros-
taglandins, should be discontinued at least 24 hours prior to 
contrast  administration and held until con  rmation has been 
made that CIAKI has not developed. Additionally, modi  able 
procedure-related risk factors should be considered. The vol-
ume of contrast administered should be limited to the mini-
mum required dose that does not compromise diagnostic 
accuracy. Iso-osmolal or nonionic, low-osmolality contrast 
other than  iohexol or ioxaglate should be employed. IV   uids 
consisting of isotonic sodium chloride or sodium bicarbonate 
should be administered prior to and following the administra-
tion of contrast. Among inpatients undergoing nonemergent 
procedures, an IV   uid regimen of 1 mL per kilogram per 
hour for 6 to 12 hours preceding and 6 to 12 hours follow-
ing the administration of iodinated contrast has been most 
rigorously validated and should be considered. For high-risk 
patients undergoing elective outpatient procedures or urgent 
inpatient studies, comparable volumes of isotonic saline or 

sodium bicarbonate, administered over 1 to 3 hours prior to 
and 4 to 6 hours following contrast administration, may pro-
vide a more practical alternative, although this approach has 
not been formally compared to more prolonged periods of IV 
  uid administration. Although IV volume expansion would 
be inappropriate in the setting of acute decompensated heart 
failure,   uids should not be withheld merely because of a his-
tory of heart failure or low cardiac ejection fraction; rather, 
cautious IV   uid administration should be accompanied by 
close monitoring for adverse pulmonary effects. 

 Although the role of N-acetylcysteine for the prevention 
of CIAKI remains unclear, this antioxidant agent has mini-
mal toxicity and is inexpensive when administered orally. 
Certain studies that examined the effect of the dose demon-
strated a potential bene  t to a higher dose NAC.  Therefore, 
oral NAC administered at a dose of 1,200 mg twice daily 
prior to and following contrast administration should be 
considered. However, NAC should not be used in lieu of 
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FIGURE 33.4 The forest plot of relative risks for contrast-induced nephropathy from 23 studies. Reprinted with permission from 
Zoungas S, et al. Systematic review: sodium bicarbonate treatment regimens for the prevention of contrast-induced nephropathy. 
Ann Intern Med. 2009;151(9):631–638.
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more effective proven preventative interventions such as iso-
tonic IV   uids. There is currently no role for prophylactic 
renal replacement therapy for the prevention of CIAKI. Di-
uretics, dopamine, and fenoldopam have been shown to be 
ineffective and, in certain instances, may be deleterious and 
therefore should not be used. Until further evidence from 
large, methodologically rigorous clinical trials is available, 
atrial natriuretic peptides, theophylline, statins, and prosta-
glandin analogs are not recommended. There is currently no 
role for allopurinol or endothelin receptor antagonists. 

There is little evidence that lactic acidosis develops in 
patients taking metformin who have normal renal function 
before receiving iodinated contrast. Concern arises for the 
development of metformin-induced lactic acidosis when dia-
betics with other risk factors for CIAKI develop renal injury 
and delayed excretion of the drug occurs. Therefore, current 
recommendations call for the discontinuation of metformin 
in patients at an increased risk of CIAKI with the reinstitu-
tion of the medication once postprocedure renal function has 
been con  rmed to be stable. Additional steps to maintain 
serum glucose concentrations while metformin is being held 
may be necessary. There are no data to support the discon-
tinuation of diuretics at the time of contrast administration. 
Small studies investigating the impact of discontinuing an-
giotensin converting enzyme (ACE) inhibitors/angiotensin 
receptor blockers prior to contrast administration have been 
con  icting. 243,244 Rosenstock and colleagues 244 randomized 
220 patients who were on chronic ACE inhibitor or angio-
tensin receptor blocker therapy and who were scheduled 
to undergo coronary angiography to either continuation or 
discontinuation of renin-angiotensin-aldosterone system 
(RAAS) blockade. The incidence of CIAKI was 6.2% in the 
113 patients who continued RAAS blockade and was 3.7% in 
the 107 patients who discontinued RAAS blockade (P  .66) 
as compared to 3.3% in 63 matched patients who were naïve 
to RAAS blockade. Therefore, no  evidence-based recommen-
dations to discontinue such agents can be made. 

In patients at risk for CIAKI, the monitoring of renal 
function following the administration of iodinated radio-
contrast is essential. Renal function should be measured be-
tween 48 and 72 hours following the procedure to assess for 
the development of renal injury and to permit timely imple-
mentation of supportive care. 

 CONCLUSION 
Acute kidney injury resulting from the administration of 
intravascular iodinated contrast media is a leading cause of 
nephrotoxic ATN. It develops almost exclusively in patients 
with underlying risk factors. With multiple studies demon-
strating an association of CIAKI with serious adverse short- 
and long-term outcomes, a careful evaluation of each patient 
who is to receive intravascular radiocontrast for the presence 
of underlying risk factors for CIAKI and implementation of 
evidence-based preventive measures will facilitate the pre-
vention of this iatrogenic condition. 
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