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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, 
and 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 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) to see draft research questions and reports or to join an e-mail 
list to learn about new program 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 and Practice Improvement Center for Evidence and Practice Improvement 
Agency for Healthcare Research and Quality Agency for Healthcare Research and Quality 
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Contrast-induced Nephropathy: Comparative Effects 
of Different Contrast Media in Patients Requiring 
Imaging Studies 

Structured Abstract 

Objectives: To evaluate the comparative effects of different types of contrast media with respect 
to the risk of developing contrast-induced nephropathy (CIN) by synthesizing the current 
literature. 

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

Methods: Two reviewers independently reviewed each article to identify randomized controlled 
trials (RCTs) that reported on CIN-related outcomes after receiving low osmolar contrast media 
(LOCM) or iso-osmolar contrast media (IOCM). We included head-to-head comparisons of one 
LOCM versus another LOCM, or of LOCM versus IOCM (only one IOCM is available). For 
each study, one reviewer extracted the data and a second reviewer verified the accuracy. Both 
reviewers assessed the risk of bias for each study. Together, the reviewers graded the strength of 
the evidence (SOE) for the comparisons and outcomes of interest. We quantitatively pooled the 
results of studies that were sufficiently similar, using a 25 percent relative risk reduction as the 
threshold for a minimally important difference. 

Results: We identified 5 RCTs that compared two or more LOCMs, including 2 studies of intra-
arterial administration, 2 studies of intravenous administration, and 1 study examining both 
routes. We identified 24 RCTs that compared the IOCM iodixanol with LOCM, including 17 
studies of intra-arterial administration and 7 studies of intravenous administration. No study 
comparing LOCMs reported a statistically significant or clinically important difference between 
study arms, and the overall analysis did not suggest that any one LOCM was superior to another. 
In a meta-analysis, we found a borderline significant reduction in short-term CIN risk with 
iodixanol compared with a diverse group of LOCMs (relative risk 0.84, 95% confidence interval 
(CI) 0.70-1.02). When the analysis was stratified by route of administration, the aggregate 
relative risk was 0.84 (CI 0.69–1.03) for intra-arterial, and 0.83 (CI 0.45–1.51) for intravenous. 
In studies that investigated IOCM versus LOCM, the outcomes of mortality, cardiovascular 
outcomes, need for renal replacement therapy, and imaging quality or diagnostic accuracy 
showed no significant difference between groups. One study comparing LOCM with LOCM 
investigated the outcomes of death and adverse events and found no difference between groups. 

Conclusions: We found low strength of evidence to support no differences in CIN risk between 
LOCMs, and moderate strength of evidence with borderline statistical significance that the 
IOCM iodixanol had a slightly lower risk of CIN than LOCM that was not clinically important. 

v

http:0.45�1.51
http:0.69�1.03
http:0.70-1.02
http:ClinicalTrials.gov


 

 
 

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
   

    
 

  
   

   
     

     
   

   
   

   
   

 
 

  
   

     
  

   
    

    
 

 
     

   
 
   

Contents
 

Executive Summary................................................................................................................. ES-1
 

Key Question: What are the comparative benefits and harms of different contrast media in 

patients receiving imaging studies requiring intravenous or intra-arterial administration?
 

Introduction ................................................................................................................................... 1
 
Background................................................................................................................................ 1
 
Scope of the Review .................................................................................................................. 1
 
Key Question ............................................................................................................................. 2
 

Methods .......................................................................................................................................... 4
 
Topic Refinement and Protocol Review.................................................................................... 4
 
Literature Search Strategy ......................................................................................................... 4
 
Study Selection .......................................................................................................................... 4
 
Data Extraction .......................................................................................................................... 6
 
Quality (Risk of Bias) Assessment of Individual Studies ......................................................... 6
 
Data Synthesis ........................................................................................................................... 7
 
Minimally Important Difference ............................................................................................... 7
 
Strength of the Body of Evidence ............................................................................................. 7
 
Applicability .............................................................................................................................. 8
 

Results............................................................................................................................................. 9
 
Results of the Literature Search ................................................................................................ 9
 

Key Points ........................................................................................................................... 9
 
Overall Study Characteristics ............................................................................................ 10
 
Low Osmolar Contrast Media versus Low Osmolar Contrast Media ...............................10
 
Iso-osmolar Contrast Media versus Low Osmolar Contrast Media .................................. 14
 

Discussion ..................................................................................................................................... 19
 
Limitations of the Evidence..................................................................................................... 20
 
Future Research ....................................................................................................................... 20
 
Conclusions ............................................................................................................................. 21
 

References .................................................................................................................................... 22
 

Tables 
Table 1. PICOTS (populations, interventions, comparisons, outcomes, setting and timing) criteria
 

for including studies in the review. ........................................................................................... 5
 

Table 3. Summary of the strength of evidence: low osmolar contrast media versus low osmolar 


Table 4. Summary of the strength of evidence: iso-osmolar contrast media versus low osmolar 


Table 2. Low osmolar and iso-osmolar contrast media................................................................... 6
 

contrast media.......................................................................................................................... 13
 

contrast media ......................................................................................................................... 18
 

Figures 
Figure 1. Analytic framework: comparing benefits and harms of different contrast media ...........3
 
Figure 2. Results of the literature search ....................................................................................... 11
 
Figure 3. Graphical summary of randomized controlled trials comparing iso-osmolar and low-


osmolar contrast media with contrast-induced nephropathy as a primary outcome................ 15
 

vi



 

 
 

 
 

 
 

 

Appendixes 
Appendix A. List of Acronyms 
Appendix B. Detailed Search Strategies 
Appendix C. Screening and Data Abstraction Forms 
Appendix D. List of Excluded Articles 
Appendix E. Evidence Tables 
Appendix F. Study Limitations 

vii 



 

  
 

 
 

 
 

   
 

 
  

  
 

 

  
 

 

 

 
 

 
 

  
 

  
   

 
 

 
 

  
 

 
  

 

Executive Summary
 

Background
 

The administration of iodinated contrast media is an essential component of many diagnostic 
and therapeutic procedures that involve radiologic imaging.  An important potential side effect of 
iodinated contrast administration is contrast-induced nephropathy (CIN), defined as 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.1 

Osmolality of contrast media is a key factor determining its tolerability.2 Since the 1990s, 
low-osmolar contrast media (LOCM, 2-3 times plasma osmolality) has been the standard of care 
for intravascular injection. The newest class of intravascular contrast, iso-osmolar contrast media 
(IOCM), is isotonic to plasma. Iodixanol is currently the only IOCM available for intravascular 
injection. A preliminary literature search revealed conflicting reports about whether IOCM is 
associated with a reduction in CIN risk compared to LOCM. The preliminary search also 
revealed reports that intra-arterial administration was associated with a greater CIN risk than 
intravenous administration.3-5 

In this systematic review, we sought to determine the comparative effects of different types 
of intra-vascular contrast media in patients receiving imaging studies or undergoing image-
guided procedures, and whether the effects vary according to route of contrast administration. 
The populations of interest included patients of all ages and levels of risk for CIN. The 
interventions and comparisons of interest included contrast type (IOCM or LOCM) and 
administered dose or volume. The main outcome was the development of CIN. Secondary 
outcomes were also considered, such as need for renal replacement therapy (including dialysis or 
hemofiltration), cardiac outcomes, adverse events, mortality, imaging quality, and diagnostic 
accuracy. We sought evidence from both short- and long-term studies, and we considered both 
inpatient and outpatient settings. 

Key Question 
Key Question: What are the comparative benefits and harms of different contrast media in 

patients receiving imaging studies requiring intravenous or intra-arterial administration? 
a.	 How do benefits or harms of contrast media differ by patient characteristics (known risk 

factors such as age, comorbidity, GFR, or creatinine clearance)? How do benefits or 
harms differ by the dose of contrast medium (i.e., by volume of dose and number of 
doses)? 

b.	 How do benefits or harms of contrast media differ according to the type of preventive 
strategy used? 

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 
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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 PICOTS framework (population, interventions, comparisons, outcomes, 
timing, and setting) 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) in which the intervention group received intra-arterial or 
intravenous injection of IOCM or LOCM. Studies had to report on impairment of renal function 
before and after (up to 72 hours) contrast injection to be included in the report. For studies 
reporting on CIN (as defined above), we also extracted data on cardiac outcomes, need for renal 
replacement therapy, mortality, length of hospital stay, adverse events, imaging quality, and 
diagnostic accuracy. 

Study Appraisal and Synthesis Methods 
The titles and abstracts were screened independently by two reviewers. 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 were performed to ensure that eligibility criteria were applied 
consistently. 

We reviewed primary studies, as defined by our inclusion criteria, and 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 Der Simonian and Laird method.6 Statistical heterogeneity was assessed using the I-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:7 

● Was the allocation sequence adequately generated? 
● Was allocation adequately concealed? 
● Was knowledge of the allocated intervention adequately prevented during the study? 
● Were incomplete outcome data adequately addressed? 
● 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 
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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 (SOE) 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 Guide8 and considered all domains: 
study limitations, directness, consistency, precision, reporting bias, and magnitude of effect.8 

Following the guidance of the GRADE Working Group 9, 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 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 difference of 25%.  If only one study was 
available for a given comparison, we downgraded the evidence for having unknown consistency. 
We classified the SOE 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 
SOE could be upgraded. 

Results 
The literature search retrieved 10,908 citations. Title screening excluded 9179 citations. 

Abstract screening excluded an additional 1346 citations. Full article screening excluded 355 
citations, leaving 28 RCTs for summary and analysis. Five RCTs compared two or more LOCMs 
in 826 patients.10-14 Twenty-four RCTs compared the IOCM iodixanol with one or more LOCMs 
in 5053 patients.10, 15-37 Included in these RCTs was one study that reported data on both types of 
comparisons.10 In the 5 RCTs comparing LOCM versus LOCM, the risk of bias was low in 1 
study, moderate in 1 study, and high in 3 studies. In the 24 RCTs comparing IOCM versus 
LOCM, the risk of bias was low in 7 studies, moderate in 11 studies, and high in 6 studies. We 
did not find any studies that examined whether the benefits or harms of contrast media differed 
according to the type of strategy used to prevent CIN. 

No study comparing one LOCM to another LOCM reported a statistically significant or 
clinically important difference between study arms in the incidence of CIN (or related measures 
of a change in renal function), and the overall analysis did not suggest that any one LOCM was 
superior to another (low SOE). RCTs comparing LOCM versus LOCM did not report outcomes 
similarly enough to be combined numerically. In the absence of any difference in CIN incidence 
between study arms, no studies indicated that a difference existed for a selected sub-group of 
patients or for a given dose of contrast media. 

We found a borderline significant reduction in short-term CIN risk (less than 7 days after 
administration of contrast) with iodixanol compared with a diverse group of LOCMs (relative 
risk 0.84, 95% confidence interval (CI) 0.70-1.02; moderate SOE). When the analysis was 
stratified by route of administration, the aggregate relative risk was 0.84 (CI 0.69-1.03) for intra-
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arterial, and 0.83 (CI 0.45-1.51) for intravenous. The strength of evidence was low to support no 
clinically important difference between iodixanol and LOCMs with regard to need for renal 
replacement therapy, cardiovascular outcomes, mortality, adverse events, or image and 
diagnostic quality. We found the strength of evidence to be either low or insufficient to support 
conclusions for other outcomes and comparisons. We did not see any definitive evidence of a 
difference in CIN incidence between IOCM and LOCM that varied according to characteristics 
of patients or dose of contrast media. 

Discussion 
In this systematic review, the small number of trials comparing one LOCM to another 

LOCM reported no statistically significant or clinically important differences in the risk of CIN.  
For the trials comparing iodixanol to LOCM, we found a slight reduction in CIN risk for 
iodixanol that was of borderline statistical significance. However, the point estimate of this 
reduction did not exceed a minimally important relative risk difference of 25%. 

Our results are similar to three published meta-analyses which reported no statistically 
significant reduction of CIN with iodixanol compared to LOCM.38-40 Even though our review 
included six RCTs that have been published since those three meta-analyses, we obtained a 
similar estimate of the relative risk. 
Five other systematic reviews reported a lower incidence of CIN with the IOCM iodixanol than 
with LOCM, but all included different sets of studies than our review.  One meta-analysis with a 
slightly different set of included studies reported a statistically significant reduction in CIN 
associated with intra-arterial iodixanol compared with LOCM, but the reduction was not 
statistically significant when pooled with studies of intravenous administration.41 Two other 
systematic reviews made indirect comparisons of contrast agents,42, 43 and reported differences 
between the IOCM iodixanol and the LOCM iohexol, but not with other LOCMs. A fourth 
review included only trials of iodixanol that were sponsored by its manufacturer,44 and a fifth 
meta-analysis45 included a large unpublished positive trial comparing iodixanol with iopromide. 
Data for this trial is only available in a meeting abstract (year, 2010); to date, the study has not 
been published. 

Most trials in our review involved patients receiving intra-arterial contrast. In the few trials 
involving intravenous contrast, we saw no evidence that the relationship between contrast type 
and CIN risk differed from that observed in the intra-arterial trials. It has been suggested that 
intravenous contrast is safer than intra-arterial contrast,46 but we did not find evidence of that in 
our review of studies comparing different types of contrast media. 

We were mainly interested in the relationship between contrast type and renal function 
because this review was part of a comprehensive review that focused on assessing the 
comparative effectiveness of interventions for preventing CIN.47 Although we may not have 
included some studies that focused on effects of different types of contrast media on clinical 
outcomes other than the risk of CIN, we looked in each of our eligible studies for data on other 
outcomes of interest. Since the majority of studies involved coronary artery procedures, 
cardiovascular outcomes were of particular interest. A recent meta-analysis of RCTs compared 
IOCM and LOCM,48 and found no conclusive evidence that iodixanol is superior to LOCM with 
respect to cardiovascular events. Our review likewise found no difference in cardiovascular 
events, mortality, need for renal replacement therapy, or other adverse events. The evidence 
grades we assigned to outcomes other than CIN apply only to evidence from studies reporting 
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CIN and do not necessarily apply to all studies reporting these non-renal outcomes. However, 
diagnostic and therapeutic procedures involving contrast media are generally safe, so major 
adverse events should be quite rare relative to the incidence of CIN. Clinical trials in this area 
have very limited power to detect differences in the incidence of major adverse events. 

Several limitations of the evidence should be noted. We generally considered LOCM agents 
together as a group even though seven different LOCM chemical compounds were used in the 
studies we reviewed. While direct comparisons of LOCMs are sparse, indirect evidence suggests 
that iohexol may differ from other LOCMs. The greatest CIN reduction with the IOCM 
iodixanol was reported in a study comparing it to iohexol.35 Two indirect comparisons also 
suggested that differences existed between iohexol and other LOCMs.42, 43 These comparisons do 
not impact our conclusions; one study was a network meta-analysis that pooled all outcomes, and 
the other was a study designed to assess other comparisons such as N-acetylcysteine versus 
intravenous saline, and the IOCM versus LOCM was a secondary analysis. 

We found that studies examining the risk of CIN with different types of contrast media 
generally provided little detail about clinical indications for the diagnostic or therapeutic 
procedures, or other details such as the severity of renal impairment. Furthermore, the studies 
frequently omitted details about total contrast volume, length of procedure, and contrast injection 
rates. These are potential sources of heterogeneity among the studies. Our inclusion criteria did 
not select studies based on these characteristics, so the results likely apply to a relatively diverse 
population of patients and procedures. We suggest that future research focus on identifying 
clinical factors that may be associated with a benefit of IOCM compared to LOCM. 

In summary, our systematic review found a low strength of evidence supporting no 
differences in CIN risk between different LOCMs, and moderate strength of evidence that the 
difference between IOCM and LOCM is too small to be clinically important. 

Conclusions 

We found low strength of evidence to support no differences in CIN risk between LOCMs, 
and moderate strength of evidence with borderline statistical significance that the IOCM 
iodixanol had a slightly lower risk of CIN than LOCM that was not clinically important. 
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Introduction 
Background 
 

The administration of iodinated contrast media is an essential component of a number of 
diagnostic and therapeutic procedures that involve radiologic imaging. One important potential 
side-effect of iodinated contrast administration is contrast-induced nephropathy (CIN, see 
Appendix A for a list of acronyms), 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 etiology1 

Osmolality of the contrast media is thought to be a key factor determining its tolerability.2 
Since iodinated contrast media was first used in 1929,49 developments in the chemistry of 
contrast media have steadily decreased the number of osmotically active moieties per iodine 
atom. In the 1990s, high-osmolar contrast media (HOCM, 5-8 times plasma osmolality) was 
largely replaced by low-osmolar contrast media (LOCM, 2-3 times plasma osmolality) because 
the latter was associated with fewer severe adverse reactions and less patient discomfort. 

The next logical step was the development of contrast media that is isotonic to plasma. 
Iodixanol has been the only iso-osmolar contrast media (IOCM) available for intravascular 
injection. Our preliminary search of both primary studies and systematic reviews revealed 
conflicting reports about whether IOCM is associated with a reduction in CIN risk compared 
with LOCM. We therefore sought to gain an understanding of these conflicting results by 
undertaking a systematic review of the peer-reviewed literature comparing IOCM and/or LOCM. 
In reviewing this literature, we also sought to determine whether differences in CIN risk between 
contrast types are affected by the route of administration (intra-arterial versus intravenous), since 
there is some evidence that intra-arterial administration is associated with more risk than 
intravenous administration.3-5 It remains unclear, however, whether any potential difference in 
risk between intra-arterial and intravenous contrast administration is due to differences in the 
volume of contrast given, differences in hemodynamic stability of patients undergoing intra-
arterial versus intravenous imaging, or confounding factors such as an increased risk of 
atheroemboli occurring with intra-arterial procedures.    

Scope of the Review 
We compared the effectiveness of two types of contrast media, IOCM and LOCM, for the 

prevention of CIN. We reviewed all randomized controlled trials (RCTs) that reported on short-
term outcomes (less than 7 days) or long-term outcomes (at least 30 days) after receiving LOCM 
or IOCM. We compared the effects of the interventions on the incidence of CIN, and other 
potential harms and benefits.  
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Key Question 
Key Question: What are the comparative benefits and harms of different contrast media in 
patients receiving imaging studies requiring intravenous or intra-arterial administration? 

a. How do benefits or harms of contrast media differ by patient characteristics (known risk 
factors such as age, comorbidity, glomerular filtration rate (GFR), or creatinine 
clearance)? How do benefits or harms differ by the dose of contrast medium (i.e., by 
volume of dose and number of doses)? 

b. How do benefits or harms of contrast media differ according to use of co-interventions 
for preventing CIN and type of co-intervention? 
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Figure 1. Analytic framework: comparing benefits and harms of different contrast media. 

 

 

 
AKI=acute kidney injury; CIN=contrast induced nephropathy; CKD=chronic kidney disease; ESRD=end stage renal disease; KQ=key question; RRT=renal replacement therapy 
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Methods 
Topic Refinement and Protocol Review 

We developed the Key Question with the input of a key informant panel that included 
experts in nephrology, radiology, cardiology, primary care, patients, representatives from the 
Food and Drug Administration, under the oversight of staff from the Agency for Health Care 
Research and Quality (AHRQ). We recruited a Technical Expert Panel that provided input to the 
Evidence-based Practice Center during our development of the protocol for the comparative 
effectiveness review. The protocol for our review was posted on the AHRQ website 
(http://www.effectivehealthcare.ahrq.gov/). 

Literature Search Strategy 
We searched the following databases for primary studies: MEDLINE®, EMBASE®, and the 

Cochrane Library through October 28, 2013 (see Appendix B for detailed search strategy). We 
did not add any date limits to the search. We developed a search strategy for MEDLINE, 
accessed via PubMed®, based on medical subject headings (MeSH®) terms and text words of 
key articles that we identified a priori. We reviewed the Scopus database and the reference lists 
of relevant review articles and related systematic reviews to identify articles that the database 
searches might have missed. We searched ClinicalTrials.gov to identify studies for which results 
have not yet been published. Scientific Information Packages (SIP) were requested from a 
number of industry representatives, and no information was provided. We did not search for data 
held by the U.S. Food and Drug Administration.   

We uploaded the articles into DistillerSR (Evidence Partners, Ottawa, Ontario, Canada), a 
Web-based service for systematic review and data management. We used this database to track 
the search results at the levels of title review, abstract review, article inclusion/exclusion, and 
data abstraction. 

Study Selection 
We followed the PICOTS (Table 1) framework in developing the criteria for inclusion of 

studies in the review. We included studies of patients of all ages having low, moderate, or high 
risk of developing CIN. We anticipated heterogeneity in the baseline risk assessment or 
stratification, and reported on the baseline assessment as it was defined by studies. To be 
included, studies had to report the incidence of CIN based on serum creatinine or GFR prior to 
and after (up to 72 hours) contrast media injection. The studies also had to have an intervention 
group receiving either IOCM or LOCM via intravenous or intra-arterial injection. The possible 
comparisons that we considered are listed in Table 1 and detailed in Table 2. We included RCTs 
for the key question. Article inclusion was not restricted by publication dates or language. We 
also evaluated existing systematic reviews on the topic to determine the extent to which they 
addressed our Key Question and PICOTS and whether they could be updated. 
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Table 1. PICOTS (populations, interventions, comparisons, outcomes, timing, and setting) criteria 
for including studies in the review. 
 
Populations ● All patients (including adults and children) undergoing procedures requiring the 

administration of contrast media. 
● High or moderate risk patients (as defined by clinical or demographic risk factors such 

as age, cardiovascular and other comorbidities, creatinine level, etc.) versus low risk or 
normal patients 

● Patients using contrast media for multiple imaging studies 
Interventions ● IOCM (including dose/volume and number of doses) 

● LOCM (including dose/volume and number of doses) 
Comparators LOCM versus LOCM 

LOCM versus IOCM 
IOCM versus IOCM (although only one IOCM is available for use) 

Outcomes Short-term: 
a) Renal function measures 

● Development of CIN as defined by change in creatinine or change in GFR 
b) Renal disease-specific outcomes 

● Need for RRT (dialysis or hemofiltration) 
c) Other clinical outcomes 

● Mortality (in hospital or within 7 days) 
● Cardiac outcomes  
● Anaphylaxis 

d) Prolonged hospital stay 
e) Benefits of radiographic imaging with contrast media 
● Intermediate outcomes 

● Image quality (resolution, contrast) 
● Diagnostic performance (test characteristics) 

● Clinical benefits of image quality  
● Improved morbidity 
● Improved mortality 
● Minimization of other imaging tests and procedures 

Long-term: 
a) Renal function measures 
● Development of CKD, including ESRD 
● Rate of conversion to CKD at 3 and 6 months 
● Chronic change in kidney function 

b) Renal disease-specific outcomes 
● Need for RRT (dialysis, hemofiltration, or kidney transplant) 

c) Other clinical outcomes 
● Cardiac outcomes  
● Mortality in hospital or at 3 or 6 months 
● Long-term clinical benefits of image quality 
● Improved morbidity 
● Improved mortality 
● Minimization of other imaging tests 

Timing ● Short-term: inpatient or within 7 days of procedure 
● Long-term: at least 30 days after procedure. For observational studies, the follow-up 

should be at least 2 years. 
Setting Inpatient and outpatient populations 
 
CIN=contrast induced nephropathy; CKD=chronic kidney disease; ESRD=end stage renal disease; GFR=glomerular infiltration 
rate; IOCM=iso-osmolar contrast media; LOCM=low-osmolar contrast media; RRT=renal replacement therapy 
 
* Studies with more than one IOCM comparison were examined as well   
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Table 2. Low osmolar and iso-osmolar contrast media. 
 
Name Trade name Manufacturer Classification 
iohexol Omnipaque GE Healthcare LOCM 
iopamidol Isovue Bracco LOCM 
ioversol Optiray Mallinckrodt LOCM 
ioxaglate Hexabrix Guerbet LOCM 
iopromide Ultravist Bayer LOCM 
iobitridol Xenetix Guerbet LOCM 
iomeprol Imeron Bracco LOCM 
ioxilan Oxilan Guerbet LOCM 
iodixanol Visipaque GE Healthcare IOCM 
 
LOCM = low-osmolar contrast media, IOCM = iso-osmolar contrast media. 

Data Extraction 
 We screened titles first, then abstracts for relevance to the key question. Titles and abstracts 
were screened independently by two reviewers. Inclusion at the title screening level was liberal; 
if a single reviewer believed an article may contain relevant information, the article moved to the 
next level (abstract) for further screening. Abstracts were included for further review only if both 
reviewers agreed on inclusion. Disagreements that could not be resolved by the two reviewers 
were resolved by the internal experts (See Appendix C for screening forms). 
 Full text articles included after the review of abstracts were reviewed independently by two 
reviewers and required agreement between the reviewers for either inclusion or exclusion. 
Disagreements that could not be resolved by the two reviewers were resolved by a third member 
of the team. At random intervals during screening, quality checks by senior team members were 
performed to ensure that screening was consistent with inclusion/exclusion criteria. 
 
Quality (Risk of Bias) Assessment of Individual Studies  

Two reviewers independently assessed each study’s risk of bias using five items from the 
Cochrane Risk of Bias tool for randomized studies:7 
● Was the allocation sequence adequately generated? 
● Was allocation adequately concealed? 
● Was knowledge of the allocated intervention adequately prevented during the study? 
● Were incomplete outcome data adequately addressed? 
● 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.   
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Data Synthesis  
For primary studies, as defined by our inclusion criteria and key question, we sought to 

perform de novo meta-analyses. Before conducting a meta-analysis, the review team discussed 
differences in the study design and reporting to identify characteristics that would limit the 
clinical meaningfulness of pooled results, such as variability in patient characteristics, contrast 
media used, or outcome definitions. Differences in these characteristics either prevented 
statistical pooling or were used to stratify the meta-analysis.  Pooled risks were calculated using 
a random effects model using the method of DerSimonian and Laird.6  

Statistical heterogeneity was assessed using the I-squared statistic.50 When the I-squared 
value was greater than or equal to 50 percent, or the p-value was 0.2 or less, the clinicians were 
asked to re-evaluate the studies for clinical heterogeneity and decide if the meta-analysis should 
be reported despite statistical heterogeneity. Since our objective was to summarize evidence that 
can be drawn from direct comparisons, we did not plan to perform network meta-analyses. 
 We assessed both short- and long-term outcomes. We extracted data on short-term outcomes 
defined as within 7 days post-procedure. We also extracted data on long-term outcomes, looking 
particularly for outcomes at least 30 days post-procedure.  

Minimally Important Difference 
 In comparing post-administration changes in numerical indicators of renal function between 
two contrast agents, we considered a minimally important difference to be approximately the 
coefficient of variation associated with the measurement. For serum creatinine, the short-term 
coefficient of variation within individuals has been reported to be 8 percent.51 Assuming a 
normal serum creatinine of approximately 1.0 mg/dl, we assumed a minimally important 
difference of 0.1 mg/dl (approximately 8 percent of 1.0 mg/dl). For creatinine clearance, we 
assumed a minimally important difference of 20 percent, which is rounded from a reported 
estimate of 19 percent for the coefficient of variation within individuals.52 
 In comparing changes in risk of CIN, a binary outcome, we followed published guidelines for 
selecting a minimally important difference based on overall observed event rate in the studies.9 
Taking into consideration the potential effect of CIN on a patient’s overall health and well-being, 
the clinical experts on our team decided that a relative risk reduction of 25 percent would be 
clinically important, which is consistent with the guidance suggesting a relative risk reduction of 
20 percent to 30 percent in determining optimal information size.  

Strength of the Body of Evidence 
The team graded the strength of evidence (SOE) 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 Guide8 and considered all domains:  
study limitations, directness, consistency, precision, reporting bias, and magnitude of effect.8  

Following the guidance of the GRADE Working Group 9, 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 difference of 25 percent. For less frequent adverse outcomes, 
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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 difference of 25 percent.  If only one study 
was available for a given comparison, we downgraded the evidence for having unknown 
consistency. We classified the SOE 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 SOE could be upgraded. 

Applicability 
 We considered elements of the PICOTS framework when evaluating the applicability of 
evidence to answer our Key Question as recommended in the Methods Guide.8 We considered 
important population characteristics, treatment characteristics, and settings that may cause 
heterogeneity of treatment effects and limit applicability of the findings. 
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Results 
Results of the Literature Search 
 The literature search identified 10,908 unique citations. We excluded 9,179 citations during 
title screening and excluded an additional 1,346 during abstract screening. During article 
screening, we excluded an additional 355 (see Appendix D, List of excluded articles) articles that 
did not meet one or more of the inclusion criteria. We included 28 original studies (Figure 2). 
We assessed the following outcomes: contrast-induced nephropathy (CIN), need for renal 
replacement therapy, cardiovascular outcomes, mortality, adverse events, image quality, and 
diagnostic accuracy. We did not find any studies that examined how the benefits or harms of 
contrast media differ according to the type of strategy used to prevent CIN.  

Key Question: What are the comparative benefits and harms of different 
contrast media in patients receiving imaging studies requiring intravenous 
or intra-arterial administration? 

a. How do benefits or harms of contrast media differ by patient 
characteristics (known risk factors such as age, comorbidity, GFR, or 
creatinine clearance)? How do benefits or harms differ by the dose of 
contrast medium (i.e., by volume of dose and number of doses)? 

b. How do benefits or harms of contrast media differ according to the 
type of preventive strategy used? 

 
Key Points 
● No study comparing one LOCM to another LOCM reported a statistically significant or 

clinically important difference between study arms, and the overall analysis did not suggest 
that any one LOCM was superior to another (low SOE). No studies indicated that a 
difference existed for a selected sub-group of patients or for a given dose of contrast media. 

● In our meta-analysis of RCTs comparing iodixanol to a heterogeneous collection of LOCMs, 
we found moderate SOE of a slight reduction in CIN risk for iodixanol; the point estimate of 
this reduction did not exceed a minimally important relative risk difference of 25% and is 
unlikely to be clinically important. 

● We found no evidence that the CIN incidence with IOCM or LOCM varies according to 
characteristics of patients or dose of contrast media. 

● We found low strength of evidence that intravenous IOCM has a slightly lower risk of CIN 
than intravenous LOCM, and moderate strength of evidence that intra-arterial IOCM has a 
slightly lower risk of CIN than intra-arterial LOCM;	
  the point estimate of this reduction did 
not exceed a minimally important relative risk difference of 25% and is unlikely to be 
clinically important. 

● For outcomes other than CIN (need for renal replacement therapy, cardiovascular outcomes, 
mortality, adverse events, image quality, or diagnostic accuracy), we found no difference 
between IOCM and LOCM or between different LOCMs. However, these secondary 
outcomes occurred uncommonly and/or were not reported for all studies, so the strength of 
evidence of no difference was low. 
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Overall Study Characteristics 
 

We identified five trials that compared two or more LOCMs,10-14 and 24 that compared 
IOCM with one or more LOCMs.10, 15-37 One trial, which compared IOCM to 2 LOCMs10, was 
included in both groups. The individual components in the assessment for risk of bias in these 28 
RCTs are shown in Appendix F. 

No consistent definition of renal impairment was used among studies enrolling patients with 
chronic renal disease, so we did not attempt to refine the classification of renal impairment in 
these patient populations. Contrast concentration and administered volume were not consistently 
reported across studies, thereby precluding meaningful comparisons with respect to contrast 
dose. None of the studies formally examined the interaction between the primary outcomes and 
other factors such as demographic characteristics, comorbid conditions, or baseline renal 
function. The studies were inconsistent about reporting on any measures that may have been 
used to prevent CIN, and often did not provide any details. 

Low Osmolar Contrast Media versus Low Osmolar Contrast 
Media  

Study Characteristics 
Of the five trials in the LOCM versus LOCM group (Appendix E, Evidence Tables 1-4), two 

studies involved intra-arterial injections of the contrast media, and two studies involved 
intravenous injections. One study reported data on both intra-arterial and intravenous 
injections.12 One study reported change in GFR as the primary outcome.10 Only one study11 
included CIN incidence as a primary outcome. The other studies included changes in serum 
creatinine as a primary outcome. The five studies had a total of only 429 patients, well below the 
optimum information size for detecting a minimally important difference in the risk of CIN. 

 
Contrast-induced Nephropathy  

In the LOCM versus LOCM group, none of the five studies addressing CIN found a 
statistically significant difference between the LOCMs that were compared.10-14 Two studies 
reported serum creatinine or creatinine changes numerically for the entire study population.10-12, 

14 These two studies reported the following point estimates for the difference in serum creatinine 
change between LOCMs: 0.02 mg/dl (intravenous),11 0.09 mg/dl (intravenous),12 and 0.01 mg/dl 
(intra-arterial).12 Corresponding confidence intervals were not reported, but none of these point 
estimates exceeded the defined minimally important difference. These two studies were also the 
only ones in the group reporting outcomes that were defined similarly enough to be compared 
numerically (Appendix E, Evidence Tables 5a and b). Therefore, we did not attempt further 
quantitative analysis. This group of studies included three intravenous administration studies and 
three intra-arterial administration studies (one study looked at both routes of administration). Of 
the intravenous studies, one had low study limitations, one had moderate study limitations, and 
one had high study limitations. All of the intra-arterial studies had a high risk of bias (Evidence 
Table F; Table 4). The risk of   
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Figure 2. Results of the literature search.* 
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bias was high in these studies because the randomization was inadequately described and/or 
incomplete outcome data was not adequately addressed. The strength of evidence was low to 
support a conclusion that different LOCMs have equivalent effects on the incidence of CIN 
(Table 3). The strength of evidence was low mainly due to the small number of studies and low 
event rates, with heterogeneous reporting of renal outcomes. Given the small number of studies  
in this group and the low strength of evidence, it was not meaningful to stratify these results by 
route of administration. 

 
Mortality 

One study13 reported on mortality, where eight patients out of the total study population of 
320 died between a few days and weeks of contrast administration. Contrast nephrotoxicity 
contributed to or caused three of these deaths (Appendix E, Evidence Table 6). The study had a 
high risk of bias because of inadequately described randomization and incomplete data was not 
adequately addressed. There was insufficient evidence to support a conclusion about the 
difference between LOCMs in their effects on mortality (Table 3). 
 
Adverse Events 

One study13 reported on adverse events. Five percent of the total population of 320 had mild 
hypersensitivity reactions of nausea, vomiting, or hives (Ioxaglate arm: 20 participants, 
Iopamidol arm: 7 participants) (Appendix E, Evidence Table 6). There were no severe reactions. 
This study had a high risk of bias because of inadequately described randomization and 
incomplete data was not adequately addressed. There was insufficient evidence to support a 
conclusion about the difference between LOCMs in the incidence of adverse events (Table 3).  
 
Image Quality and Diagnostic Accuracy 

Our search did not identify any studies comparing LOCM to LOCM that reported on image 
quality or diagnostic accuracy. 
 
Benefits or Harms by Patient Characteristics, Dose of Contrast Media, and 
Type of Preventive Strategy. 

In the absence of any difference in CIN incidence between study arms in the five studies that 
compared LOCM to LOCM, no studies indicated that a difference existed for a selected sub-
group of patients, or for a given dose of contrast media, or for use of a given type of strategy for 
preventing CIN.
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Table 3. Summary of the strength of evidence: low osmolar contrast media versus low osmolar contrast media.  
	
  

Outcome 
No. of 
RCTs (n) 

Study 
limitations Directness Consistency  Precision 

Strength of 
evidence* Summary of key outcomes 

Development 
of CIN 

5 (429) Medium Direct Consistent Imprecise Low Low strength of evidence that supporting 
no differences in CIN incidence between 
LOCMs. 

Mortality 1 (320) High Direct Consistent Imprecise Insufficient Insufficient evidence that any one LOCM 
lowers the risk of death over another 
LOCM 

Adverse 
events 

1 (320) High Direct Consistent Imprecise Insufficient Insufficient evidence that any one LOCM 
lowers the risk of adverse events over 
another LOCM	
  

CIN=contrast induced nephropathy; IOCM=iso-osmolar contrast medium; LOCM= low-osmolar contrast medium; NA=not assessed; RCT=randomized controlled trial; 
RRT=renal replacement Therapy 
	
  
* Due to heterogeneity in the study limitations across studies 
the median study limitation value was chosen when distribution across studies was normal. In the instance where there is a split between study limitation scores 
the more conservative study limitation designation was chosen. 
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Iso-osmolar Contrast Media versus Low Osmolar Contrast 
Media  

Study Characteristics 
Of the 24 trials in the IOCM versus LOCM comparison (Appendix E, Evidence Table 7), 17 

studies involved intra-arterial contrast, and seven studies involved intravenous contrast. These 
studies involved seven LOCMs (in order of frequency): iopromide (nine studies), iopamidol (six 
studies), iohexol (four studies), iobitridol (two studies), ioversol (two studies), ioxaglate (two 
studies), and iomeprol (one study). All but one study10 included CIN incidence or peak change in 
serum creatinine as a primary outcome. A substantial majority of these studies (19) involved 
patients with renal impairment and/or diabetes, and more than half (15) involved patients 
undergoing coronary catheterization. In studies reporting CIN as an outcome, nearly all defined 
CIN according to one or both of the following criteria: increase in serum creatinine greater than 
25% or 0.5 mg/dl above baseline within 48-72 hours following contrast injection. Most studies 
also reported numerical changes in serum creatinine as either the mean or percent maximal 
difference between baseline and post-procedural values. 

 
Contrast-Induced Nephropathy  

Twenty-four studies addressed CIN as an outcome in the comparison of IOCM with 
LOCM.10, 15-37 These 24 studies randomized a total of 5053 patients (which is above the optimum 
information size that we specified) and reported an overall CIN rate of 11.1 percent (270/2430) 
for IOCM and 13.5 percent (326/2412) for LOCM. For these numbers of patients and event rates, 
we considered a relative risk difference of 25 percent to be a minimally important difference that 
is, a relative risk outside the range 0.75–1.25. Four of 24 studies reported reductions in CIN with 
IOCM compared to LOCM that were greater than a minimally important difference and 
statistically significant. Five studies reported reductions in CIN greater than a minimally 
important difference but not statistically significant. Four studies reported a greater incidence of 
CIN with IOCM that exceeded a minimally important difference but was not statistically 
significant. However, no study reported a statistically significant greater CIN incidence with 
IOCM compared to LOCM.  

In meta-analyses including 23 of the IOCM studies reporting CIN incidence, there was a 
borderline significant reduction in the incidence of CIN with iodixanol compared with a diverse 
group of LOCMs. The extent of reduction was consistent with or without stratification by route 
of administration (Figure 3). Statistical heterogeneity was relatively low, as indicated by the I-
squared results displayed in Figure 3. One study only reported on GFR and was not included in 
the meta-analysis. That study10 did not report on a significant change in GFR between groups 
(Appendix E, Evidence Table 8).The combined estimate of relative risk was 0.80 (95% CI 0.70–
1.0), which corresponds to a number-needed-to-treat of 42. The estimated relative risk did not 
exceed a minimally important difference. One study10 was omitted from the meta-analyses 
because it defined CIN on the basis of a change in creatinine clearance rather than serum 
creatinine.
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Figure 3. Graphical summary of randomized controlled trials comparing iso-osmolar and low-osmolar contrast media with contrast-
induced nephropathy as a primary outcome  

 
CI=confidence interval; CIN=contrast induced nephropathy; IA=intra-arterial; IV=intravenous; IOCM=iso-osmolar contrast media; LOCM=low-osmolar contrast media; 
N=sample size; P=p-value; RR=risk ratio 
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When we considered study results by year of publication, we saw no trend over time in the 

results of studies comparing IOCM with LOCM for either route of administration. We also 
observed no trends across studies with respect to CIN incidence.  

When the meta-analysis was stratified by the two most studied LOCMs, the aggregate 
estimate of the relative risk was 0.86 (95% CI 0.59–1.25) for the eight studies comparing IOCM 
with iopromide (using either route of administration) and 1.05 (95% CI 0.75–1.47) for the five 
studies comparing IOCM with iopamidol (using either route of administration). The results were 
similar when we included only studies using intra-arterial administration (6 for iopromide, and 
three for iopamidol). When we explored the differences in results between these trials, we found 
no apparent pattern associated with procedure type or study location. 

Study limitations ranged from low in seven studies to moderate in 11 studies to high in eight 
studies. The strength of the overall body of evidence included in the meta-analysis was moderate. 
The strength of evidence from the studies including only intravenous administration of the 
contrast media was low that IOCM was more effective at preventing CIN than LOCM, and for 
intra-arterial administration of contrast media, the strength of evidence was moderate that IOCM 
was more effective than LOCM at preventing CIN (Table 4).  
 
Need for Renal Replacement Therapy  

Five studies reported on the need for hemodialysis or hemofiltration (Appendix E, Evidence 
Table 9). Four involved intra-arterial administration16, 23, 25, 34 and one involved intravenous 
administration.27 Differences between groups were either not reported or not statistically 
significant regardless of administration route. The studies reporting on the need for renal 
replacement therapy had a total of 1740 patients (well below the optimum information size we 
specified for this relatively rare event). Confidence intervals for relative risks were wide because 
of the low event rates in studies reporting need for renal replacement therapy. Study limitations 
ranged from low (one study) to moderate (three studies) to high (one study). The strength of the 
overall body of evidence was low, based on the studies included in the overall meta-analysis 
(Table 4). 

 
Cardiovascular Outcomes  

Seven studies reporting on IOCM versus LOCM addressed cardiovascular outcomes. All 
involved intra-arterial administration (Appendix E, Evidence Table 9). 16, 18, 22, 24, 25, 29, 31 All 
studies with the exception of one reported no statistically significant differences between groups 
(in Nie et al, the composite cardiovascular event rate (percent of sample size) was: IOCM arm = 
0.1 percent, LOCM arm = 5.9 percent, p-value = 0.025).29 This study29 had a moderate risk of 
bias, and we could find no explanation for why its results differed from the other six studies. The 
studies reporting on cardiovascular outcomes included a total of 2367 patients (again below the 
optimum information size for this relatively rare type of adverse outcome). Confidence intervals 
for relative risks were generally wide because of the low event rates. Study limitations in this 
group of studies ranged from low (three studies) to moderate (four studies). The strength of the 
overall body of evidence was low (Table 4). 

 
Mortality  

Eight studies reporting on IOCM versus LOCM addressed mortality as an outcome 
(Appendix E, Evidence Table 9). Two reported on intravenous administration27, 28 and six 
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reported on intra-arterial administration.16, 17, 23-25, 28, 29 Differences between groups were either 
not reported or not statistically significant regardless of administration route. The studies 
reporting on mortality had a total of 2028 patients (below the optimum information size). 
Confidence intervals for relative risks were generally wide because of the low event rates. Study 
limitations ranged from low (one study) to moderate (six studies) to high (one study). The 
strength of the overall body of evidence was low (Table 4). 

 
Adverse Events  

Twelve studies reported on adverse events, with a total of 3363 patients, well below the 
optimum information size for rare events (Appendix E, Evidence Table 9). Ten reported on intra-
arterial administration 16, 18, 22-26, 29, 31, 34 and two reported on intravenous administration.19, 20 
Differences between groups were either not reported or not statistically significant regardless of 
administration route. Study limitations ranged from low (five studies) to moderate (six studies) to 
high (one study). The overall strength of evidence on adverse events was low (Table 4). 

 
Image Quality and Diagnostic Accuracy  

Two studies reporting on IOCM versus LOCM addressed imaging quality as an outcome 
(Appendix E, Evidence Table 9).19, 29 One reported using intra-arterial administration of contrast 
and reported on image quality,29 while the other study used intravenous contrast administration 
and reported on diagnostic efficacy. 19 Differences between groups were not statistically 
significant regardless of outcome measure in either study. The intra-arterial administration study 
had moderate risk of bias. The intravenous administration study had low risk of bias. We were 
unable to grade the body of evidence on image quality due to the differences in the contrast 
media administration and the difference in outcomes reported. 

 
Benefits or Harms by Patient Characteristics, Dose of Contrast Media, and 
Type of Preventive Strategy. 

Few studies reported on how differences in outcomes between contrast media varied 
according to selected study population characteristics such as age, baseline renal function, and 
presence or absence of diabetes mellitus. Six studies reported outcomes based on subgroups. 
Rudnick et al (2008)30 reported that there was no significant difference in outcomes between 
patients with and without diabetes mellitus and co-administration of N-acetylcysteine. Jo, et al 
(2006)34 found the incidence of CIN was higher in patients with severe baseline renal 
impairment. Hernandez, et al (2009)21 reported that baseline GFR and contrast media acted as  
independent predictors of CIN. Limbruno, et al.(2013)15 reported a dose-dependent effect of 
contrast media on renal function. Solomon, et al., 200731 showed no significant difference 
between groups with and without diabetes mellitus. 

When we looked at how study populations varied between studies, we found that the vast 
majority of study populations had a mean age greater than 60 years, with only one done on a 
young population. 19 younger populations. When we examined forest plots of results ordered by 
mean age of study patients, mean baseline renal function, or proportion of patients with diabetes 
mellitus, we did not see any notable trend in the results for groups receiving intravenous contrast 
media or intra-arterial contrast media. In the absence of any such trend, we did not include a 
meta-regression by any of these variables.  

 
 



18	
  
 

Table 4. Summary of the strength of evidence: iso-osmolar contrast media versus low osmolar contrast media  
	
  

Outcome 
RCTs 
(N) 

Study 
limitations Directness Consistency  Precision 

Strength of 
evidence Summary of key outcomes 

Development 
of CIN 
 

24 
(5053) 

Medium Direct Consistent Precise Moderate Moderate strength of evidence that IOCM 
had a slightly lower risk of CIN than 
LOCM; the point estimate of this reduction 
did not exceed a minimally important 
relative risk difference of 25% and is 
unlikely to be clinically important. 

Development 
of CIN (IV 
administration) 

17 
(4150) 

Medium Direct Consistent Imprecise Low Low strength of evidence that IV IOCM 
had a slightly lower risk of CIN than IV 
LOCM; the point estimate of this reduction 
did not exceed a minimally important 
relative risk difference of 25% and is 
unlikely to be clinically important. 

Development 
of CIN  (IA 
administration) 

6 (790) Medium Direct Consistent Precise Moderate Moderate strength of evidence that IA 
IOCM had a slightly lower risk of CIN than 
IA LOCM; the point estimate of this 
reduction did not exceed a minimally 
important relative risk difference of 25% 
and is unlikely to be clinically important. 

Need for RRT 5 (1740) Medium Direct Consistent Imprecise Low Low strength of evidence that the need for 
RRT does not differ between IOCM and 
LOCM 

Cardiovascular 
outcomes 

7 (2367) Medium Direct Consistent Imprecise Low 
Low strength of evidence that 
cardiovascular outcomes do not differ 
between IOCM and LOCM 

Mortality 8 (2028) Medium Direct Consistent Imprecise Low 
Low strength of evidence that mortality 
does not differ between IOCM and LOCM 

Adverse events 12 
(3363) 

Medium Direct Consistent Imprecise Low 
Low strength of evidence that adverse 
event rates do not differ between IOCM 
and LOCM 

CIN=contrast induced nephropathy; IA=intra-arterial; IOCM=iso-osmolar contrast medium; IV=intravenous; LOCM= low-osmolar contrast medium; NA=not assessed; 
RCT=randomized controlled trial; RRT=renal replacement Therapy 

 
* Due to heterogeneity in the study limitations across studies 
the median study limitation value was chosen when distribution across studies was normal. In the instance where there is a split between study limitation scores 
the more conservative study limitation designation was chosen. 
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Discussion 
 

In this systematic review of the comparative effects of different types of contrast media with 
respect to developing CIN, we found two types of RCTs: trials comparing two or more LOCMs 
to each other, and trials comparing the IOCM iodixanol to a LOCM. The small number of trials 
comparing LOCMs reported no statistically significant or clinically important differences for 
heterogeneously defined endpoints for CIN.  For the trials comparing iodixanol to LOCMs, we 
found a slight reduction in CIN risk for iodixanol that was of borderline statistical significance, 
with a 95% CI of 0.70 to 1.02 for the relative risk. However, the point estimate of the relative 
risk reduction (0.84) did not exceed a minimally important relative risk difference of 25 percent. 

Our results and summary relative risks are similar to three published meta-analyses which 
reported no statistically significant reduction of CIN with iodixanol compared to LOCM.38-40 
Even though our review included six RCTs that have been published since those three meta-
analyses, we obtained a similar summary relative risk and 95% CI. This similarity enhances our 
confidence in concluding that IOCM does confer a small reduction in CIN, but it may not be 
clinically significant. This conclusion is strengthened by the absence of any systematic review 
reporting a summary point estimate favoring LOCM, regardless of statistical significance. 

Five previously published systematic reviews examining trials comparing IOCM against 
LOCM have reported statistically significant results favoring iodixanol. One meta-analysis with 
a slightly different set of included studies reported a statistically significant reduction in CIN 
associated with intra-arterial administration of iodixanol, but the reduction was not statistically 
significant when pooled with studies of intravenous administration.41 Two other systematic 
reviews did not strictly evaluate direct comparisons but employed analytical methods that 
allowed indirect comparisons of contrast agents across individual studies.42, 43 Those two reviews 
reported differences specifically between the IOCM iodixanol and the LOCM iohexol, but not 
with other LOCMs. In our meta-analysis, as shown in Figure 3, the two studies that compared 
iohexol to iodixanol were the two oldest studies and were among the four studies reporting the 
greatest difference favoring IOCM.  Two other meta-analyses which reported differences 
between iodixanol and LOCMs44, 45 may have been affected by inclusion criteria that were 
different than those used in our review. One of those included only trials of iodixanol that were 
sponsored by its manufacturer.44 The other meta-analysis45 included a large unpublished positive 
trial comparing iodixanol with iopromide in 1656 patients that comprised 28 percent of the 
subjects in the review. Data for this trial is only available in a meeting abstract (year, 2010); to 
date, the study has not been published. 

The majority of trials in our review involved patients receiving intra-arterial administration 
of contrast. In the small number of trials involving intravenous administration, we saw no 
evidence that the relationship between contrast type and CIN risk differed from that observed in 
the intra-arterial trials. Narrative reviews of the CIN literature have suggested that intravenous 
administration is safer than intra-arterial,46 but we did not find evidence of that in our systematic 
review of studies comparing different types of contrast media. 

In our systematic review, we sought evidence on the relationship between contrast type and 
renal function. Therefore, our inclusion criteria focused on CIN as the primary outcome under 
consideration. We collected data on other outcomes of interest, however. Since the majority of 
studies involved coronary artery procedures, cardiovascular event outcomes were of particular 
interest. A recent meta-analysis of RCTs compared IOCM and LOCM with cardiovascular 
events as a reported outcome,48 and found no conclusive evidence that iodixanol is superior to 
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LOCM with respect to cardiovascular events. Our review likewise found no conclusive evidence 
for a difference with respect to cardiovascular events, mortality, subsequent need for renal 
replacement therapy, or other adverse events. It is important to note, however, that our review of 
the differences between types of contrast media was part of a comprehensive review that focused 
primarily on assessing the comparative effectiveness of interventions for preventing CIN.47 Thus, 
our inclusion criteria targeted trials that were designed to examine the effects of interventions 
and types of contrast media on the risk of CIN. Therefore, our review may not have included 
some studies that focused on the effects of different types of contrast media on clinical outcomes 
other than the risk of CIN. For example, the recent meta-analysis of cardiovascular events by 
Zhang48 included four RCTs (out of 11) which did not report outcomes directly related to CIN. 
The evidence grades we assigned to outcomes other than CIN apply only to evidence from 
studies reporting CIN and do not necessarily apply to all studies reporting these non-renal 
outcomes. 

 
Limitations of the Evidence 
 

Several limitations of the published evidence should be noted. One of the biggest limitations 
is that the body of evidence is limited by the relatively small size of the available studies and the 
low event rates, making it difficult to derive precise estimates of any potential differences. We 
generally considered LOCM together as a group even though it comprised seven different 
LOCM chemical compounds in the evidence we reviewed. While direct comparisons of LOCMs 
are sparse, there is some indirect evidence of heterogeneity involving iohexol. The greatest CIN 
reduction with iodixanol was reported in a study comparing it to iohexol.35 As mentioned 
previously, two indirect comparisons also concluded that differences existed between iohexol 
and other LOCMs.42, 43 

Diagnostic and therapeutic procedures involving iodinated contrast media are generally safe, 
so it is expected that major adverse events would be rare relative to CIN. Therefore, clinical trials may 
only have sufficient power to detect large differences in the incidence of major adverse events. 

We found that studies examining CIN generally included patients based on referral for a diagnostic 
or therapeutic procedure and provided little detail about the distribution of specific clinical indications 
for the procedures or other details related to the clinical setting such as referral patterns and the severity 
of renal impairment. Furthermore, details concerning the procedures themselves were commonly 
omitted, such as total contrast volume, length of procedure, and contrast injection rates. These are all 
potential sources of unexplained heterogeneity among the studies in our review. Our inclusion criteria 
did not select studies based on any of these characteristics, so the results likely apply to a relatively 
diverse population of patients and procedures. We suggest that future research on IOCM be focused on 
identifying the clinical factors associated with any benefit of IOCM compared to LOCM. 

 
Future Research 

 
Since we are unable to draw any definitive conclusions on how differences in CIN risk associated 

with contrast type are modified by other factors such as demographic characteristics, comorbid 
conditions, baseline renal function, or use of interventions to prevent CIN there is a need for additional 
research in this area. These interactions were either not examined in the reviewed studies, or the factors 
were inconsistently defined or reported.  
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Additional RCTs comparing iodixanol and LOCMs with respect to CIN risk would increase the 
strength of evidence and precision of pooled effect estimates associated with these comparisons.  
However, since we found that the CIN risk reduction associated with iodixanol is relatively small and 
unlikely to be clinically significant, the necessity for increased precision must be justified prior to 
conducting additional RCTs. 

 
Conclusion 
 

In summary, RCTs comparing LOCMs with each other are relatively sparse, but none reported a 
statistically significant or clinically important difference with respect to CIN. This absence of a 
difference is associated with a low strength of evidence. A moderate number of trials compared IOCM 
to LOCM with respect to CIN. In aggregate, these trials demonstrated moderate strength of evidence 
for a slight CIN reduction associated with iodixanol compared to a diverse group of LOCMs. However, 
this reduction was of borderline statistical significance and did not exceed a minimally important 
difference. 
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