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Contrast-Induced Nephropathy
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Case Presentation

A 48-year-old man presents to the
Emergency Department and complains
of new onset of chest pain with exer-
tion. He has a history of tobacco use,
hypercholesterolemia, type 2 diabe-
tes mellitus, and chronic renal disease
(baseline serum creatinine concen-
tration [SCr] 1.7 mg/dL; estimated
glomerular function [eGFR] 47 mL/
min per 1.73m?). Initially, he under-
goes coronary computed tomography
(CT) angiography, which demonstrates
>75% narrowing of the proximal left
anterior descending coronary artery.
The next day he undergoes coronary
catheterization with successful drug-
eluting stent placement to an 80% ste-
nosis of the left anterior descending
coronary artery. He receives a total of
211 mL contrast agent (320 mgl/mL;
67.52 g iodine) from both examina-
tions. His SCr level increases to a peak
of 2.4 mg/dL at 48 hours after percu-
taneous intervention, returning to base-
line over the next 72 hours. He recovers
uneventfully. The treating physicians
diagnose him with postinterventional
contrast-induced nephropathy (CIN).
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After the introduction of iodin-
ated contrast agents in the last century,
their use was promptly linked to acute
kidney injury (AKI)." The presumed
causal relationship between contrast
medium (CM) exposure and AKI
has since been axiomatic in clinical
care, with substantial implications for
patient management in the context of
contrast-enhanced imaging. Indeed,
fear of contrast-induced AKI is one of
the most frequent reasons why CM is
withheld from patients and thus fre-
quently compromises the diagnostic
information gained from imaging.
Despite the nearly universal concern
about the risks of CIN, several recent
large-scale studies have questioned
the general concept of CIN and the

relationship between CM adminis-
tration, AKI, and worsened clinical
outcome.>® In fact, AKI may occur
at similar rates in matched control
groups of patients undergoing CT
scanning with and without CM admin-
istration.*® Therefore, a clear differ-
entiation between AKI due to other
causes and true CIN is crucial when
discussing the potential side effects

of CM administration with patients.
In this Clinician Update, we summa-
rize recent insights into AKI, CIN, and
recommendations for management
of patients receiving CM in clinical
practice.

Definition
AKI is generally described as an
acute worsening of renal function and
referred to as CIN if it occurs within
a narrow time interval after parenteral
CM administration.! To standard-
ize the definition for CIN, the Acute
Kidney Injury Network® requires that,
for a diagnosis of postcontrast AKI,
at least 1 out of 3 conditions is met
within 48 hours after contrast media
application: (1) an absolute increase
in SCr by 20.3 mg/dL from baseline,
(2) a relative increase in SCr levels
by 250% from baseline, or (3) a urine
output reduced to <0.5 mL/kg/h for at
least 6 hours.” Nevertheless, different
definitions using varying SCr thresh-
olds exist. Disparities in the definition
of CIN have contributed to the debate
about the frequency and importance
of CIN. Ultimately, all definitions of
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contrast-induced AKI are arbitrary
and based on laboratory testing. They
are useful for statistical comparison in
clinical trials but bear little meaning for
an individual patient, where only hard
outcomes such as dialysis, chronic
renal impairment, or kidney-related
death are what really matter.

Risk Factors

The widely accepted primary risk fac-
tor for CIN is preexisting renal insuffi-
ciency with reduced nephron capacity.*
Several other parameters have been
identified as risk factors for AKI but
have not been established for CIN.
Diabetes mellitus, patient dehydration,
and congestive heart failure increase
the risk for AKIL* Severe transient
hypotension and age >80 years have
also been considered risk factors for
AKI. A dose-dependent risk increas-
ing with CM volume is commonly
presumed. Laskey et al have proposed
using the ratio of CM volume to creati-
nine clearance or eGFR as a significant
and independent predictor for CIN after
percutaneous coronary intervention.®
Others have suggested that the amount
of CM per nephron, approximated
by mgl/eGFR, is the best metric for
contrast dosage toxicity.”!® However,
the influence of these risk factors on
CIN especially after intravenous CM
administration has been challenged by
recent studies.”™

Incidence of Acute
Kidney Injury Following
Intra-Arterial Versus
Intravenous Contrast
Media Administration
Multiple large-scale studies have
demonstrated that the route of admin-
istration of CM (intra-arterial versus
intravenous) and type of procedure
(eg, catheter-based angiography ver-
sus CT imaging) have a substantial
impact on the incidence of AKI.'?
Due to multiple factors, the inci-
dence of AKI is substantially higher
following catheter-based procedures
with intra-arterial CM administration
compared to imaging studies with
intravenous CM  administration.'
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Several explanations for this obser-
vation have been proposed.'* Patients
who undergo catheter-based angiog-
raphy tend to have more advanced
vascular disease than those receiving
only intravenous CM and thus have
a higher risk of AKI. The invasive
nature of catheter angiography, fre-
quently involving manipulation in
the aorta, can cause AKI which may
be erroneously diagnosed as CIN.
Cholesterol crystals, aortic plaque
fragments, and thrombi may be physi-
cally dislodged, leading to microem-
bolization of the renal parenchyma.
In addition, catheter-based proce-
dures may be complicated by tran-
sient hypotension or reduced cardiac
output leading to postinterventional
AKI, which may be misinterpreted
as CIN.'>1¢ Finally, intra-arterial CM
injection is associated with a higher
peak iodine concentration in the
renal vasculature. While this has been
linked to an increased risk of AKI in
some studies, the association remains
controversial.'"'> Nevertheless, due
to these considerations, the terms
postcatheter nephropathy or cathe-
ter-induced nephropathy have been
proposed to replace contrast-induced
nephropathy when referring to dete-
rioration of renal function in patients
after catheterization.

The conventional wisdom regard-
ing intravenous CM administration
and CIN has further been called into
question by recent studies compar-
ing outcomes in large control groups
of patients undergoing noncontrast
enhanced CT compared to those hav-
ing contrast-enhanced CT.*> There is
increased recognition of daily fluc-
tuations in baseline SCr levels which
tend to be more distinct in patients
with reduced baseline renal function
and may be falsely interpreted as
CIN if SCr levels rise in close asso-
ciation with CM administration.*’
This aspect alone suggests that the
risk of AKI from CM, in particular
when administered intravenously
for contrast-enhanced CT, has been
exaggerated by older, noncontrolled
studies that did not account for

background fluctuations in renal
function. A large meta-analysis of
controlled studies included more
than 25000 patients and found equal
or lower rates of AKI following con-
trast-enhanced CT compared to non-
contrast enhanced CT.* This was true
even for subgroup analyses includ-
ing different definitions of AKI and
those with preexisting diabetes or
renal insufficiency.*

Such meta-analyses of nonran-
domized investigations bear the
risk of selection bias, since patients
considered at risk for AKI may be
more likely to undergo noncontrast
enhanced CT.' Thus, large-scale pro-
pensity score—based matching studies
were recently performed to counteract
such potential bias.>3 After evaluat-
ing 21346 patients, McDonald et al
did not find an increased risk of AKI.
emergent dialysis, or 30-day mortality
between patients who underwent con-
trast-enhanced CT and those who did
not, even among patients with compro-
mised renal function or predisposing
comorbidities.? In a similar propensity
score—matched study, McDonald et al
similarly observed that the risk of AKI
was independent of intravenous CM
administration, even in patients with
a severely reduced eGFR.? Using pro-
pensity matching in 12508 patients,
Davenport et al also did not observe
an increased risk for AKI in patients
with normal renal function after intra-
venous CM administration for CT, but
they reported an increased incidence
of AKI in patients with a baseline SCr
level 21.5 mg/dL or eGFR below 30
mL/min/1.73 m? following contrast-
enhanced CT compared with patients
who underwent noncontrast enhanced
CT."""® Several key methodological
differences between the approaches
by McDonald et al and Davenport et
al may partially explain their differing
results.’> While these studies highlight
the controversial nature of this ongoing
debate, a common major conclusion is
that intravenous CM administration
during contrast-enhanced CT does
not cause AKI in patients with normal

renal function.>>!7-18
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Is the Use of Contrast
Material Associated with
Adverse Clinical Outcomes?
The occurrence of postcontrast AKI
has been associated with both short-
and long-term adverse outcomes.*”'?
Nevertheless, the results of most of
these studies were based on postint-
erventional AKIL™" Following car-
diac catheterization, in-hospital and
1-year mortality increase 2- to 5-fold
in patients experiencing postinter-
ventional AKI compared to those
without.'”?® However, Rudnick and
Feldman have cautioned that this does
not prove a direct causal relationship
between CM use and AKI, due to the
confounding interaction of risk fac-
tors and other comorbidities in patients
undergoing catheter angiography.”!
In comparison, the hard outcomes of
emergent dialysis and 30-day mortality
were shown to be no different between
individuals having closely matched
demographic and clinical characteris-
tics either with or without intravenous
CM exposure.” Thus, AKI is associ-
ated with a worsened clinical outcome,
but current research suggests that this
is independent of intravenous CM

administration.>?

Preventive Measures
While the causality between CM
application and AKI remains contro-
versial, clinicians must provide opti-
mal individual care in patients who
have both potential risks and benefits
from contrast-enhanced imaging stud-
ies or interventions (Table 1). The
official guidelines published by the
American College of Radiology and
the European Society of Urogenital
Radiology both recommend prophy-
lactic intravenous hydration (1.0-1.5
mL/kg/h) in patients at risk for AKI
at least 6 hours before and after CM
administration.*> Since CM are
osmotic diuretics, they can potentiate
the prerenal effects of dehydration, a
risk factor for AKI which can be miti-
gated by optimal patient hydration. It
has also been reported that intravenous
hydration represents an effective pre-
ventive measure in patients at risk for

/\.}\_/L,./J\A

Wichmann et al

Contrast-Induced Nephropathy 1933

N NN N

Table 1. Recommendations for Prevention of CIN

1. Identify risk factors for CIN
a. eGFR <30 mL/min per 1.73 m?
i. Suboptimal hydration status
ii. Planned intra-arterial administration
1. Often higher contrast volume

2. Greater burden of underlying cardiovascular disease

3. Greater likelihood of hemodynamic compromise

4. Likelihood of atheromatous emboli
iii. Known or suspected acute renal failure

2. For intra-arterial contrast administration in patients with eéGFR <30 mL/min per 1.73 m? consider to

a. Manage medications

i. Withhold potentially nephrotoxic drugs such as aminoglycoside antibiotics, antirejection medications,

and nonsteroidal anti-inflammatory agents (NSAID)
b. Manage intravascular volume (avoid dehydration)

i. Administer a total of at least 1 L of isotonic (normal) saline beginning at least 3 h before and
continuing at least 6-8 h after the procedure, if cardiovascular status allows

c. Select an alternative imaging examination providing similar information, if available

3. While administrating iodinated radiographic contrast media
a. Minimize volume, assess dose using volume (mL)/eGFR®

b. Use low- or iso-osmolar contrast agents
4. Postprocedure: follow-up
a. Obtain SCr 48 h postprocedure

b. Consider holding appropriate medications until renal function returns to normal; ie, metformin, NSAID
5. If CIN occurs, intensify therapy for cardiovascular disease risk factors

CIN indicates contrast-induced nephropathy; eGFR, estimated glomerular function; and SCr, serum
creatinine concentration. The above table is based on authors’ experience, literature review, and consensus
of the Society for Cardiovascular Angiography and Intervention (SCAI) in 2006.2>%

CIN.» Consequently, there has been
widespread implementation of aggres-
sive hydration protocols in the context
of CM administration. However, the
recent controversial discussion regard-
ing the correlation of CM administra-
tion and AKI/CIN also challenges the
efficacy of such preventive measures.*
Some of the studies reporting a posi-
tive effect suffered from substantial
bias. Concrete evidence for the appro-
priateness of hydration in patients
undergoing contrast-enhanced imaging
is still missing. There is a lack of ran-
domized trials with adequate statistical
power to prove the value of hydra-
tion for preventing CIN. Moreover,
there is currently no consensus on the
value of other prophylactic measures
such as antioxidant therapy (ie, n-ace-
tylcysteine and sodium bicarbonate)
or vasodilators (to reverse medullary
ischemia). Most data suggest that these

measures are not effective.®?>?*2 Thus,
no preventive measures can be strongly
recommended for current clinical prac-
tice, particularly in patients who could
be harmed by rapid administration of
intravenous fluids, eg, those with con-
gestive heart failure.

Imaging with Reduced
Contrast
Independent of the discussion regard-
ing the incidence and clinical rel-
evance of CIN, recent technological
innovation has enabled new imaging
techniques that provide comparable
image quality while allowing for
drastic reductions in CM require-
ments. Lowering the x-ray tube
voltage is chiefly used to reduce
radiation exposure during CT but
coincidentally also provides oppor-
tunities for significant CM volume
reduction. Scanning at lower energy
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levels results in increased intravas-
cular iodine attenuation,?® translat-
ing into greater vascular contrast
with lower iodine concentrations.
New iterative image reconstruction
algorithms mitigate the increased
image noise that normally results
from acquisition at low tube voltage

November 17, 2015

settings.?® In combination, the latest
generation of CT imaging platforms
provides similar image quality with
low radiation and low contrast expo-
sure, compared to imaging with stan-
dard tube voltage and CM volumes
(Figures 1 and 2).?¢ In addition, high-
pitch acquisition and dual-energy CT

Figure 1. Coronary computed tomography (CT)
angiography study in an 84-year-old woman (A, volume
rendered image of left coronary tree) with multiple
coronary calcifications (B, curved multiplanar reformat
of proximal left anterior descending artery) showing
mural calcification (arrow) but without significant
stenosis. Study was performed with third-generation
dual-source CT in high-pitch mode at 70 kV using
iterative reconstruction, which enabled reducing the
effective radiation dose to 0.31 mSv and the contrast
media volume to 40 mL.

imaging with various postprocessing
techniques improve imaging quality.?

Conclusion
The risk of AKI from CM, especially
when administered intravenously for
the purpose of noninvasive imaging,
has been exaggerated by previous,

Figure 2. Comparison of computed tomography (CT)
studies of the thoracoabdominal aorta in a 90-year-
old man (reconstructed with Cinematic Rendering,
Siemens - not intended for clinical use). The patient
underwent follow-up imaging due to a known fusiform
infrarenal abdominal aortic aneurysm (arrow). The first
scan (A) was performed with second-generation dual-
source CT with a tube voltage of 120 kV and 100 mL
contrast volume. The follow-up scan five years later
(B) was conducted with third-generation dual-source
CT with a reduced tube voltage of 80 kVp and contrast
material volume of 40 mL. The effective radiation
dose was reduced from 13.39 mSv in the first scan

to 3.32 mSv in the follow-up scan. Image quality was
diagnostic in both studies.
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noncontrolled studies. More recent
evidence from controlled studies sug-
gests that the risk is likely nonexistent
in patients with normal renal func-
tion. There may be a risk in patients
with renal insufficiency; however,
even in this patient population, the risk
of contrast-induced AKI is probably
much lower than is widely accepted.
Even though there are conflicting data,
it is still prudent to exert caution in
patients with significant renal impair-
ment (a baseline creatinine of >2.0mg/
dL or an eGFR of <30mL/min/1.73m?).
Hydration is the protective regimen
with the strongest, albeit not uncon-
tested, supporting evidence. The ben-
efits of diagnostic information gained
from contrast-enhanced imaging need
to be balanced by the potential risk of
contrast-induced AKI for the individ-
ual patient.
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