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Preface

The Agency for Healthcare Research and Quality (AHRQ), through its Evidence-based Practice
Centers (EPCs), sponsors the development of systematic reviews to assist public- and private-sector
organizations in their efforts to improve the quality of health care in the United States. These
reviews provide comprehensive, science-based information on common, costly medical conditions
as well as new health care technologies and strategies.

Systematic reviews are the building blocks underlying evidence-based practice; they focus
attention on the strength and limits of evidence from research studies about the effectiveness and
safety of a clinical intervention. In the context of developing recommendations for practice,
systematic reviews can help clarify whether or not assertions about the value of the intervention are
based on strong evidence from clinical studies. For more information about AHRQ EPC systematic
reviews, see www.effectivehealthcare.ahrq.gov/reference/purpose.cfm.

AHRQ expects that these systematic reviews will be helpful to health plans, providers,
purchasers, government programs, and the health care system as a whole. Transparency and
stakeholder input are essential to the Effective Health Care Program. Please visit the Web site
(www.effectivehealthcare.ahrq.gov) for draft research questions and reports or to join an e-mail list
to learn about new programs, products and opportunities for input.

We welcome comments on this systematic review. They may be sent by mail to the Task Order
Officer named below at: Agency for Healthcare Research and Quality, 540 Gaither Road, Rockville,
MD 20850, or by email to epc(@ahrq.hhs.gov.

Richard G. Kronick, Ph.D. Yen-Pin Chiang, Ph.D.
Director Acting Deputy Director, Center for Evidence
Agency for Healthcare Research and Quality and Practice Improvement

Agency for Healthcare Research and Quality

Stephanie Chang, M.D., M.P.H. Elisabeth U. Kato, MD

Director, EPC Program Task Order Officer

Center for Evidence amd Practice Improvement Center for Evidence amd Practice Improvement
Agency for Healthcare Research and Quality Agency for Healthcare Research and Quality
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Contrast-induced Nephropathy: Comparative
Effectiveness of Measures to Prevent Contrast-
induced Nephropathy

Structured Abstract

Objective: To evaluate the comparative effectiveness of different interventions (including
intravenous (IV) fluids, N-acetylcysteine, sodium bicarbonate, and statins, among others) to
reduce the risk of developing contrast-induced nephropathy (CIN) after receiving low osmolar
contrast media (LOCM) or iso-osmolar contrast media (IOCM).

Data Sources: We searched for original published studies in MEDLINE®, Embase and the
Cochrane Library through October 28, 2013. We also searched clinical trials.gov and the Scopus
database for other studies.

Methods: Two reviewers independently reviewed each article for eligibility. For each study,
one reviewer extracted the data and a second reviewer verified the accuracy. Both reviewers
assessed the quality of each study. Together, the reviewers graded the strength of the evidence on
preventing CIN and other adverse outcomes for the comparisons of interest. After the data were
abstracted, the team quantitatively pooled the results of studies that were sufficiently similar,
using the DerSimonian and Laird random effects model. We considered a 25 percent relative risk
difference to be clinically important.

Results: We found a total of 136 studies of interventions to prevent CIN, including 63
randomized controlled trials (RCTs) comparing N-acetylcysteine with IV saline versus IV saline
with or without a placebo, 23 RCTs comparing IV sodium bicarbonate versus IV saline, four
RCTs comparing IV sodium bicarbonate versus N-acetylcysteine plus IV saline, four RCTs
comparing a statin versus a placebo (only including studies in which contrast media was
administered intra-arterially (IA)), five RCTs comparing an adenosine antagonist versus [V
saline, and six RCTs investigating hemodialysis or hemofiltration versus IV saline. Although we
found many studies investigating other interventions, the evidence generally was insufficient to
support conclusions regarding the comparative effectiveness of those additional interventions.
The studies were published between 1998 and 2013.

The strength of evidence was low that high-dose N-acetylcysteine (> 1200 mg/day) was more
effective than IV saline in preventing CIN (pooled risk ratio (RR): 0.70; 95% confidence interval
(CI): 0.50 to 1.0), consistent with a clinically important benefit, and a number needed to treat of
21 (CI: 13 to 172). The strength of evidence was low that low-dose N-acetylcysteine (1200
mg/day or less) had a small clinically unimportant effect on the risk of CIN compared with IV
saline (RR: 0.80; 95% CI): 0.60 to 0.90). The benefit of N-acetylcysteine was most apparent
when [A LOCM was used. The strength of evidence was low that IV sodium bicarbonate did not
differ from IV saline in the risk of CIN (RR: 0.80; CI: 0.5 to 1.2. The strength of evidence was
moderate that using a statin plus I'V saline was more effective than IV saline alone in preventing
CIN (RR: 0.5; CI: 0.4 to 0.8). The effect of statins is consistent with a clinically important
benefit, and has a number needed to treat of 45 (CI: 30 to 217). The strength of evidence was low
that use of hemodialysis versus IV saline to prevent CIN did not reduce the risk of CIN and may



even be harmful (RR: 1.4; CI: 0.9 to 2.2). All other comparisons had insufficient evidence to
determine relative effectiveness in preventing CIN.

Conclusions: Of all the interventions that have been used in studies to reduce the risk of CIN,
the only ones with evidence of a clinically important benefit over use of IV fluids alone are high-
dose N-acetylcysteine with IV saline (low strength of evidence) and statins with IV fluids
(moderate strength of evidence).
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Executive Summary
Background

Kidney failure is one of the most serious adverse effects that can occur after intra-vascular
administration of contrast media in diagnostic or therapeutic procedures. The reported incidence
of contrast-induced nephropathy (CIN) varies, but it is a leading cause of hospital-acquired
kidney failure.! CIN is usually defined as an impairment of renal function with an increase in
serum creatinine of more than 25 percent or 0.5 mg/dL within 3 days of intravascular
administration of contrast media in the absence of an alternative etiology. Though renal function
returns to normal in the majority of patients, it can progress to acute kidney injury and chronic
kidney failure in a small proportion of patients who develop CIN. Due to increasing use of
contrast media in radiologic and cardiologic procedures, and the increasing prevalence of
populations vulnerable to CIN (i.e., people having chronic kidney disease, diabetes mellitus, or
hypertension, as well as the elderly), kidney failure due to CIN is a substantial concern.
Numerous strategies have been used to try to prevent CIN. These strategies include: oral
hydration; volume expansion with sodium chloride or bicarbonate or a combination of both;
administration of N-acetylcysteine; withdrawal of metformin, ACE (angiotensin-converting-
enzyme) inhibitors, angiotensin II receptor blockers, or non-steroidal anti-inflammatory drugs;
hemofiltration or hemodialysis; statins; use of low osmolar or iso-osmolar, non-ionic, contrast
media; and reducing the volume of contrast media administered. Despite these varied strategies,
there is still no clear consensus in clinical practice about the most effective intervention to
prevent or reduce CIN. We therefore sought to perform a comprehensive systematic review of
the effectiveness of different measures for preventing CIN.

As most of the studies investigating CIN were conducted in patients who underwent intra-
arterial procedures, the need for prevention strategies for patients undergoing intravenous
procedures is controversial. To better understand the results, we sought to separately analyze
patients who underwent intravenous versus intra-arterial contrast media, as these groups may
have distinctly different risk profiles and susceptibility of developing CIN. We also sought to
perform a separate analysis for patients receiving iso-osmolar contrast media (IOCM) or low
osmolar contrast media (LOCM), the two types of contrast media in regular clinical use today.
There are conflicting results from studies that have compared CIN risk of IOCM versus LOCM.
ICOM is more expensive than LOCM. It is unclear whether the additional cost of IOCM is
accompanied by a reduced risk of CIN. Also, it is not entirely clear how image quality and the
risk of CIN differ between LOCM and IOCM.>*

Key Question

Key Question: In patients undergoing imaging studies requiring intravenous or intra-arterial
contrast media, what is the comparative effectiveness of interventions to prevent contrast-
induced nephropathy (CIN), for the outcomes of incidence of CIN, chronic kidney disease
(CKD), end stage renal disease (ESRD), mortality, and other adverse events?
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Data Sources

We searched the following databases for primary studies published through October 28,
2013: MEDLINE®, EMBASE®, and the Cochrane Library. In addition, we looked for
conference proceedings and other reports by searching the Scopus database. We reviewed the
reference lists of relevant articles and related systematic reviews to identify original journal
articles and other reports the database searches might have missed. We also searched
ClinicalTrials.gov to identify on-going studies. We did not search for data held by the U.S. Food
and Drug Administration (FDA.)

Study Eligibility Criteria, Participants, and Interventions

We followed the population, interventions, comparators, outcomes, timing, and setting
(PICOTS) framework in developing the criteria for including studies in the review, and included
studies of patients of all ages with low, moderate, or high risk of developing CIN. We included
randomized controlled trials (RCTs) of any intervention to prevent CIN (including
administration of N-acetylcysteine, sodium bicarbonate solution, sodium chloride solution,
statins, adenosine antagonists, diuretics, vasoactive drugs, antioxidants, dopamine, and renal
replacement therapy), in which the study groups received either [OCM or LOCM via intravenous
or intra-arterial injection. Studies had to report on at least one of the outcomes listed in the Key
Question. In our protocol, we planned to consider observational studies comparing strategies for
preventing CIN if no RCTs addressed a comparison of interest, but we did not include
observational studies in the final report because RCTs were available on the identified
comparisons of interest.

Study Appraisal and Synthesis Methods

The titles and abstracts were independently screened by two reviewers. Inclusion at the title
screening level was liberal; if a single reviewer believed an article might contain relevant
information, the article was moved to the abstract level for further screening. When reviewing
abstracts followed by the full text of articles, both reviewers had to agree on inclusion or
exclusion. Disagreements that could not be resolved by the two reviewers were resolved by a
third expert member of the team. At random intervals during screening, quality checks by senior
team members were performed to ensure that eligibility criteria were applied consistently.

We performed de novo meta-analyses of all studies on a given comparison if the studies were
not too heterogeneous by qualitative or statistical criteria. Pooled risks were calculated using a
random effects model using the method of DerSimonian and Laird.* '%**" Statistical heterogeneity
was assessed using the [-squared statistic.

Two reviewers independently assessed each study’s risk of bias using five items from the
Cochrane Risk of Bias tool for randomized studies:’

e Was the allocation sequence adequately generated?

e Was allocation adequately concealed?

e Was knowledge of the allocated intervention adequately prevented during the study?

ES-2



e Were incomplete outcome data adequately addressed?

e Are reports of the study free of suggestion of selective outcome reporting?

Answers of “Yes” were given a score of one, and answers of “No” or “Unclear” were given a
score of zero. To simplify the presentation of the assessments of study quality, we combined the
ratings of the five items into an overall rating of potential risk of bias as low, medium, or high.
We used the assessment of the first three items (covering selection bias and
performance/detection bias) as the starting point, with a cumulative score of three designated as
low risk of bias, two or one as medium risk of bias, and zero as high risk of bias. The overall
rating of risk of bias was downgraded if there was also a concern about either incomplete
reporting or selective outcome reporting. When assessing the risk of bias, we focused on the
main outcome of interest, CIN, an outcome that is objectively measured by laboratory testing.

The team graded the strength of evidence (strength of evidence) on comparisons of interest
for the key outcomes, focusing mainly on the incidence of CIN, for which the most evidence was
available. We used the grading scheme recommended in the Methods Guide® and considered all
domains: study limitations, directness, consistency, precision, reporting bias, and magnitude of
effect.’

Following the guidance of the GRADE Working Group ', we rated evidence as precise if the
total number of patients exceeded an optimum information size, and the 95% CI excluded a risk
ratio of 1.0. We rated the evidence as imprecise if the 95% CI did not exclude the possibility of a
clinically important benefit or harm (i.e., RR less than 0.75 or greater than 1.25) despite having
an optimum information size. For the main outcome of interest, CIN, we used an optimum
information size of 2000 based on an expected 0.1 probability of CIN in the comparison group
and a minimally important relative risk difference of 25%). For less frequent adverse outcomes,
we used an optimum information size of 10,000 based on an expected 0.02 probability in the
comparison group and a minimally important relative risk difference of 25%. If only one study
was available for a given comparison, we downgraded the evidence for having unknown
consistency. We classified the strength of evidence pertaining to each comparison into four
category grades: high, moderate, low, and insufficient. The body of evidence was considered
high grade if study limitations were low and there were no problems in any of the other domains,
and subsequently downgraded for each domain in which a problem was identified. If the
magnitude of effect was very large, the strength of evidence could be upgraded.

Organization of This Report

The following results section reports on a number of comparisons. We report in detail on
comparisons for which substantial evidence exists. The comparisons are ordered according to the
most commonly used preventive interventions (N-acetylcysteine plus intravenous saline versus
intravenous saline, intravenous sodium bicarbonate versus intravenous saline, N-acetylcysteine
plus intravenous saline versus intravenous sodium bicarbonate, statins plus intravenous saline
versus intravenous saline, adenosine antagonists plus intravenous saline versus intravenous
saline, and renal replacement therapy versus intravenous hydration). At the end of the results
section, we refer to information about other “miscellaneous comparisons.” Details on those
comparisons appear in an appendix.
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Results

The literature search revealed a total of 136 studies on interventions for preventing CIN,
including 63 RCTs on N-acetylcysteine, 23 RCTs on intravenous sodium bicarbonate, eight
RCTs on statins, five RCTs on adenosine antagonists, and six RCTs on use of hemodialysis or
hemofiltration to prevent CIN. We included in the meta-analyses 44 RCTs investigating N-
acetylcysteine with intravenous saline versus intravenous saline with or without a placebo (37
studies using only intra-arterial contrast media, 6 studies using intravenous contrast media, and 1
study using both), 13 RCTs investigating the use of sodium bicarbonate versus intravenous saline
(11 studies using only intra-arterial contrast media, one study using only intravenous contrast
media, and one study using either intra-arterial or intravenous contrast media), four RCTs
investigating use of intravenous sodium bicarbonate versus N-acetylcysteine plus intravenous
saline (3 studies using intra-arterial contrast media, and one study using intravenous contrast
media), four RCTs investigating use of a statin versus a placebo (all studies using intra-arterial
contrast media), four RCTs investigating use of an adenosine antagonist with intravenous saline
versus intravenous saline alone (3studies using intra-arterial contrast media, and 1 study using
intravenous contrast media), and three RCTs investigating use of hemodialysis versus
intravenous saline alone (all studies using intra-arterial contrast media, one of which also
included some patients receiving intravenous contrast media). The results of these studies were
published between 1998 and 2013.

Using a random effects model to pool studies comparing N-acetylcysteine with intravenous
saline versus intravenous saline with or without a placebo, the overall pooled risk ratio (RR) for
CIN was: 0.70 (95% confidence interval (CI): 0.50 to 1.0) for high-dose N-acetylcysteine (>
1200 mg/day), indicating a small clinically important benefit with a number needed to treat of 21
(CI: 13 to 172), and low strength of evidence; and 0.80 (95% CI: 0.60 to 0.90) for low-dose N-
acetylcysteine (1200 mg/day or less), indicating a small clinically unimportant effect . In
sensitivity analyses, the pooled RR for CIN was: 0.70 (CI: 0.5 to 1.0) for high-dose N-
acetylcysteine when intra-arterial contrast media was used; 0.30 (CI: 0.1 to 1.1) for high-dose N-
acetylcysteine when intravenous contrast media was used; 0.80 (CI: 0.6 to 0.9) for low-dose N-
acetylcysteine when intra-arterial contrast media was used; 0.70 (CI: 0.3 to 1.4) for low-dose N-
acetylcysteine when intravenous contrast media was used; 0.70 (CI: 0.6 to 0.8) for N-
acetylcysteine when LOCM was used; and 1.20 (CI: 0.9 to 1.8) for N-acetylcysteine when IOCM
was used based on a small set of five studies on patients with varying comorbidities. The CI was
wide enough for N-acetylcysteine when IOCM was used to suggest possible harm without any
indication of a clinically important benefit. When we examined how the RR estimates varied
according to baseline characteristics of the study population, we did not observe any meaningful
difference by age, baseline renal function, or the presence or absence of diabetes mellitus. The
strength of evidence was low that N-acetylcysteine with intravenous saline did not differ from
intravenous saline with or without a placebo in the need for renal replacement therapy, cardiac
events, or length of hospitalization. Studies addressing these outcomes had medium study
limitations, and were consistent, but imprecise. We found insufficient evidence to draw
conclusions about the effect of N-acetylcysteine on mortality.

In studies comparing intravenous sodium bicarbonate with intravenous saline, the overall
pooled RR of CIN was 0.80 (95% CI: 0.5 to 1.2). The point estimate of the RR indicated a
clinically unimportant difference in the risk of CIN. The associated CI ruled out a clinically
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important increase in CIN, but did not rule the possibility of a clinically important decrease in
CIN. The strength of evidence was low for this conclusion because the studies had medium study
limitations with inconsistent results. The strength of evidence also was low that intravenous
sodium bicarbonate did not differ from intravenous saline in mortality or the need for renal
replacement therapy. Studies addressing these outcomes had medium study limitations, and were
consistent, but imprecise. We found insufficient evidence to draw conclusions about how
intravenous sodium bicarbonate compared to intravenous saline in the risk of cardiac events and
length of hospitalization.

In the RCTs comparing intravenous sodium bicarbonate with the combination of N-
acetylcysteine and intravenous normal saline, the pooled RR for CIN was 0.93, indicating no
clinically important difference. However, the studies were inconsistent and the 95% confidence
interval was so wide (0.40 to 2.1) that we cannot rule out the possibility of either an important
decrease or important increase in risk. Therefore, the strength of evidence was insufficient to
support a conclusion about the comparative effectiveness of these two interventions. The
evidence also was insufficient to draw conclusions about potential differences between the two
interventions in mortality, cardiac events need for renal replacement therapy, or length of
hospitalization.

The strength of evidence was moderate from studies that compared use of a statin plus
intravenous fluids versus intravenous fluids alone, showing a clinically important and
statistically significant reduction in CIN (pooled RR 0.5; 95% CI: 0.4 to 0.8) with a number
needed to treat of 45 (95% CI: 30 to 217. Four studies with a total population of 3647 were
included to reach this conclusion. These studies had a low to medium risk of bias, were designed
to measure CIN as the primary outcome, and consistently showed a benefit in reducing CIN in
favor of the statin drug with relatively precise estimates. The number needed to treat was higher
for statins than for high-dose N-acetylcysteine despite having a lower RR estimate because of
differences between the two groups of studies in the baseline risk of CIN. The strength of
evidence was low that mortality and the need for renal replacement therapy did not differ
between statins plus intravenous fluids versus intravenous fluids alone. . Studies addressing these
outcomes had medium study limitations, and were consistent, but imprecise. We found
insufficient evidence to draw conclusions about the effect of statins on cardiac events or length
of hospital stay when given to prevent CIN.

The strength of evidence was insufficient when studies compared adenosine antagonists plus
intravenous saline with intravenous saline alone because the confidence interval was so wide that
we could not rule out either a clinically important decrease or a clinically important increase in
CIN (pooled RR 0.8, 95% CI: 0.1 to 8.2). The strength of evidence was insufficient to make
conclusions about the impact of adenosine antagonists on the need for RRT, cardiac events,
mortality, or length of hospitalization.

The pooled analysis for the three studies of hemodialysis compared with intravenous saline
yielded a pooled RR of 1.4, which is consistent with a clinically important increased risk of CIN.
The corresponding 95% CI was 0.9 to 2.2, which is consistent with an increased risk or no
important difference. Although the studies on hemodialysis had high risk of bias, the results were
consistent enough and precise enough to provide low strength of evidence that hemodialysis does
not reduce the risk of CIN when compared to intravenous saline. Two RCTs compared
hemofiltration to intravenous saline and reported that patients with severe CKD may have a
lower incidence of CIN with hemofiltration, but the strength of evidence was insufficient to
support a conclusion. The strength of evidence was insufficient to make conclusions about the
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impact of using hemodialysis or hemofiltration on mortality, cardiac events, the need for
subsequent renal replacement therapy, or the length of hospitalization.

Although we found many studies investigating other interventions (see Table A), the
evidence generally was insufficient to support conclusions regarding the comparative

effectiveness of those additional interventions.

Table A. List of miscellaneous comparisons

Intervention

Comparisons

N-acetylcysteine

Dialysis, ascorbic acid, nebivolol, atorvastatin,
aminophylline, theophylline, fenoldopam,
misoprostol

Intravenous sodium bicarbonate

Acetazolamide, long-term versus short-term
intravenous sodium bicarbonate, intravenous
saline in five percent dextrose, oral sodium
bicarbonate

N-acetylcysteine plus intravenous sodium
bicarbonate

Intravenous saline and N-acetylcysteine,
furosemide plus saline plus N-acetylcysteine,
placebo plus sodium bicarbonate, sodium
bicarbonate

Diuretics (furosemide, mannitol, and acetazolamide)

Intravenous saline

Vasoactive agents (fenoldopam, calcium antagonists,
angiotensin receptor blockers, angiotensin converting
enzyme inhibitors, beta-blockers

Intravenous saline

Antioxidants (probucol , pentoxifylline)

Different hydration regimens

Fluid administration (various)

Fluid administration (various)

Dopamine (or dopamine plus furosemide)

Dopamine, furosemide, mannitol, intravenous

saline

Discussion

Of all the interventions that have been used in studies to reduce the risk of CIN, the only ones
with evidence of a clinically important benefit over use of intravenous saline alone are high-dose
N-acetylcysteine with intravenous saline (low strength of evidence with a number needed to treat
ranging from 13 to 172) and statins with intravenous saline (moderate strength of evidence and
number needed to treat ranging from 30 to 217). Intravenous sodium bicarbonate does not appear
to be any more effective than intravenous saline (low strength of evidence) For other
interventions and comparisons included in this report, the strength of evidence was insufficient to
support a definite conclusion because, in general, the studies had important limitations, the
comparators varied too much, the effects were inconsistent and imprecise, and the magnitude of
effect was weak. Although usual care often involves administration of intravenous fluids, the
evidence was insufficient to support a conclusion about the relative effectiveness of intravenous
versus oral fluids, or whether fluids should be given before or after the procedure.

Our review shows that most strategies for preventing CIN present insufficient evidence of
benefit. For clinicians who want t