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Abstract
Background: The use of contrast agents during coronary angiography can result in contrast-induced nephropathy (CIN),
particularly in patients with renal dysfunction. On the contrary, different contrast agents can induce different degree of changes in
cardiac function. The objective of our meta-analysis was to compare the clinical safety of iso-osmolar contrast medium iodixanol to
low-osmolar contrast medium iopromide in patients with renal insufficiency undergoing coronary angiography with or without
percutaneous coronary intervention (PCI).

Methods: We searched Medline, Embase, Cochrane Library, and reference lists to identify randomized controlled trials that
compared iodixanol to iopromide with the incidence of CIN as an endpoint in renal impaired patients undergoing coronary
angiography. Outcome measures were the incidence of CIN, absolute peak serum creatinine (Scr) increase from baseline and a
composite of cardiovascular adverse events.

Results:A total of 8 trials with 3532 patients were pooled; 1759 patients received iodixanol and 1773 patients received iopromide.
There was no significant difference in the incidence of CIN (summary odds ratio [OR] 0.50, 95% confidence interval [CI] 0.19–1.35,
P= .17) and peak Scr increase (mean difference �0.01mg/dL, 95% CI �0.08 to 0.05, P= .69) when iodixanol was compared with
iopromide. But iodixanol was associated with a statistically significant reduction in cardiovascular adverse events when compared
with iopromide (OR 0.47, 95% CI 0.30–0.73, P= .0009).

Conclusions: Analysis of pooled data from 8 randomized controlled trials of iodixanol against iopromide in patients with renal
insufficiency undergoing coronary angiography with or without PCI showed that iodixanol nonsignificantly reduced the incidence of
CIN, but was associated with a significantly reduced risk of cardiovascular adverse events when compared with iopromide.

Abbreviations: CI = confidence interval, CI-AKI = contrast-induced acute kidney injury, CIN = contrast-induced nephropathy,
CKD = coronary kidney disease, CrCl = creatinine clearance, eGFR = estimated glomerular filtration rate, LOCM = low-osmolar
contrast medium, MD =mean difference, NAC = N-acetylcysteine, OR = odds ratio, PCI = percutaneous coronary intervention, Scr
= serum creatinine, SE = standard error.
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1. Introduction

Contrast-induced nephropathy (CIN; also referred to as contrast-
induced acute kidney injury [CI-AKI]) is 1 of the most clinically
important complications of interventional coronary procedure.[1]

It is associated with considerably increased morbidity and
mortality,[2–4] and also prolonged hospitalization.[5] CIN
typically occurs within the first 2 to 3 days after contrast
administration, usually characterized by an absolute increase in
serum creatinine concentration of at least 0.5mg/dL or by a
relative increase of at least 25% from baseline.[6] Generally, CIN
is reversible, but it can occasionally lead to chronic renal failure,
increasing long-term morbidity and mortality.[3,7–9]

Although patients with preserved renal function are at low risk
for developing CIN,[10] the proportion may be much higher in
patients with chronic kidney disease (CKD).[11] The choice of
contrast media may also influence the risk of CIN. In mixed study
populations, high-osmolar contrast media has been found to
result in more CIN than the more contemporary low-osmolar
contrast media (LOCM) or the iso-osmolar contrast media
iodixanol.[12,13] Controversy remains whether iodixanol has a
lower risk of CIN than LOCM. Previous several relevant meta-
analyses showed inconsistent results.[14–17] This may be attribut-
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ed to the great difference between diverse LOCMs and between
patientswithdifferent risk stratifications.Aprevious review focusing
on CIN suggested that low-osmolar contrast agents are reasonable
for moderate-risk patients and iso-osmolar contrast is indicated for
the highest-risk patients (estimated glomerular filtration rate [eGFR]
<30mL/min/1.73m2 with diabetes, heart failure, or urgent
percutaneous coronary intervention [PCI] for acute coronary
syndrome).[18] However, the validity of this standpoint remains
unknown. Pooling data of trials comparing iodixanol to certain
specific LOCM may be a better choice. Iopromide, as a nonionic,
monomeric LOCM, has been compared with iodixanol in clinical
safety in many trials, but the results are controversial. Although a
previous meta-analysis[15] comparing iodixanol to LOCMs in renal
safety contained an iopromide subgroup, no restriction such as type
of radiographic procedure or baseline renal function was imposed
on the patients included, making the result more generalizable, but
with lackofprecision. In addition, since thepublicationof this study,
several new randomized trials comparing iodixanol and iopromide
in renal impairedpatients receiving coronaryangiographyhavebeen
performed,[19–24] calling for aneed todoanupdate.On the contrary,
there remains conflicting results and raised doubts whether
iodixanol and iopromide have different impacts on cardiac function
during coronary angiography.[19,25–27] In view of the above, the aim
of thismeta-analysiswas to provide a comprehensive comparison of
clinical safety between iodixanol and iopromide in patients with
renal insufficiency undergoing interventional coronary procedures.
2. Methods

2.1. Search strategy

This systematic review andmeta-analysis is reported according to
the Preferred Reporting Items for Systematic Reviews and Meta-
Analysis statement.[28] Because our meta-analysis was based on
previously published studies, the ethic approval and patient
consent were not required.
An extensive search of literature was performed in Pubmed,

Embase, and the Cochrane library for relevant articles from 1995
through March, 2017. The complete search used for Pubmed
was: ((Iopromide[Text Word]) OR lopromid[Text Word]) OR
iopromid[Text Word]) OR Ultravist[Text Word])) AND ((Iodix-
anol[Text Word]) OR Visipaque[Text Word]). A similar search
was performed in EMBASE and the Cochrane library. We
considered all potential eligible articles published in English,
irrespective of the primary outcome. Reference lists of the studies
selected by searching were also used to identify additional articles
meeting the inclusion in this meta-analysis by manual search.
2.2. Selection criteria and quality evaluation

The inclusion criteria were as follows: study design—randomized
controlled trials (RCTs); study population—patients referred for
coronary angiography with or without PCI were eligible if they
had a calculated creatinine clearance (CrCl) �60mL/min
according to the Cockcroft and Gault formula,[29] or eGFR
�60mL/min/1.73m2; comparison—to compare clinical safety
between iodixanol and iopromide; outcome measurements—
reported the incidence of CIN. We treated CI-AKI as equal to
CIN. No restriction was imposed on the definition of CIN or on
the time elapsed before CIN occurred. Studies which did not
meet the above criteria were excluded from selection. Two
independent investigators reviewed study titles and abstracts for
possible inclusion. If discrepancies existed between them, the
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opinion of a third reviewer was adopted. The risk for bias was
assessed using the risk of bias assessment tools made by the
Cochrane Collaboration.[30] The quality of trials was assessed
using the quality score proposed by the grading of recommen-
dations assessment, development and evaluation working
group.[31]
2.3. Data extraction and outcomes

We extracted baseline demographic, clinical, and procedural
characteristics from each selected study, including concentration
of iodixanol and iopromide, total number of participants, mean
age, race, baseline serum creatinine, mean estimated eGFR,
average contrast volume, average iodine dose, percentage of
patients undergoing PCI, information about sex, diabetes,
prophylactic hydration, use of N-acetylcysteine (NAC), the
definition of CIN used, and the inclusion criteria of renal
function. The primary outcomes were the incidence of CIN
defined as a postdose serum creatinine (Scr) increase ≥25% or
≥0.5mg/dL within 3 days. Secondary outcomes were absolute
peak Scr increase from baseline to day 7 after contrast
administration and a composite of cardiovascular adverse events
as defined by each study.
2.4. Statistical analysis

A systematic review and meta-analysis of RCTs was performed to
compare the renal safety between iodixanol and iopromide. For
analyses of the proportion of CIN and adverse events, we calculated
the overall odds ratio (OR)with 95%confidence intervals (CIs).We
analyzed peak Scr increase as a continuous variable, and the pooled
estimates was presented as mean difference (MD) with 95% CI.
Heterogeneity was assessed using the Cochrane Q test and
quantified by calculating I2 statistic, with P< .1 and I2 >50%
regarded as being statistically significant. Random-effects or fixed-
effects models were used depending on the heterogeneity of the
studies included. For outcomes with moderate-to-high heterogene-
ity,weperformedasensitivityanalysis, inwhich thepooledestimates
were recalculated by omitting 1 study at a time to detectwhich study
is the main source of heterogeneity. In addition, meta-regressions
and subgroup analyses were performed when needed. Publication
biaswas assessedby constructinga funnel plot.We tested funnel plot
asymmetry using Egger test, in which P value <.1 was indicated of
significant publication bias. The trim-and-fill method was used to
assess the influence of publication bias on the interpretation of
results.All statistical analyseswereperformedwithReviewManager
(Version 5.1, theCochraneCollaboration) and Stata (Version 12.0).

3. Results

According to the searching strategy as depicted above, a total of
649 articles were found, of which 139 were found in Pubmed, 411
in Embase, 96 in the Cochrane Library, and 3 by manual search.
Among these articles, 8 trials fulfilled the criteria for inclusion in the
meta-analysis. The specific screening flow is shown in Fig. 1.
Of the 8 studies finally identified, 2 studies had no full text, but

the data we needed were available in their abstracts (both of them
reported the incidence of CIN as its primary outcome).[21,24] One
trial had no restriction on patients’ renal function, but a subgroup
for patients with CKD was set, which provided the data we
needed.[19] In addition to it, other 7 trials exclusively included
patients with renal insufficiency defined as either CrCl �60mL/
min or eGFR �60mL/min/1.73m2. On the basis of renal



Figure 1. Results of search in Pubmed, Embase, and the Cochrane Library.
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insufficiency, 1 trial only included patients with congestive heart
failure and another only patients with ST-segment elevation
myocardial infarction (STEMI),[19,20] of which all the patients
received PCI <12hours after the onset of symptoms were
considered eligible.[19] That is to say, patients of these 2 studies
were of highest risk according to the criteria referred by the
review by McCullough et al.[18] The proportion of patients
receiving PCI differed between trials. Except for 1 study
comparing iodixanol 320mg I/mL to iopromide 300mg I/
mL,[22] all other 7 studies compared iodixanol 320mg I/mL to
iopromide 370mg I/mL. In terms of prevention measures, all
patients in 8 studies received hydration. However, the use of
NAC was identified in only 3 trials.[19,22,32] Each of the 8 trials
used CIN as a primary or secondary outcome. Most studies
defined CIN as a relative increase in creatinine by at least 25% or
an absolute increase by at least 0.5mg/dL. Only 1 study defined
CIN as a relative increase in Scr of ≥50% from baseline,[23] but it
also reported the proportion of a postdose Scr increase of ≥25%
as its secondary endpoint, which was extracted by us as the
3

incidence of CIN in our meta-analysis. Overall, 3532 patients
were included in our meta-analysis, with 1759 in iodixanol group
and 1773 in iopromide group. All of them were patients with
renal insufficiency undergoing coronary angiography with or
without PCI. Characteristics of the 8 trials were summarized in
Table 1. No relevant differences were noted between the baseline
characteristics of the iodixanol and iopromide groups of patients
in each of the individual trials.
Table 2 shows the assessment of evidence quality of the trials.

All studies included were RCTs with relatively high quality.
Other than the 2 trials without full-text remaining unknown in
risk of bias,[21,24] all other 6 RCTs reported adequate
randomization, none was stopped early, and 3 were multicenter.
Three trials did not specify whether data collectors and outcome
assessors were masked to treatment allocation.[21,22,24] Only 1
trial was funded by industry.[23]

Except that one study lacked baseline Scr value, other 7 studies
all showed a baseline Scr of below 2mg/dL. There is a notion that
a relative increase of Scr ≥25% is more sensitive than an absolute
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Table 1

Basic characteristics of included studies.

Qian et al, 2017 Said et al, 2013 Chen et al, 2012 Bolognese et al, 2012

Iodixanol
(n=45)

Iopromid
(n=45)

Iodixanol
(n=110)

Iopromid
(n=110)

Iodixanol
(n=284)

Iopromid
(n=278)

Iodixanol
(n=60)

Iopromid
(n=73)

Iodine concentration, mg I/mL 320 370 320 370 320 370 320 370
Male,% 71 80 NA NA 67 68 76 78
Age, y, mean±SD 63±13 62±13 NA NA 70.0±9.3 69.0±10 66±12 65±12
Diabetes, % 33 51 NA NA 33 28 NA NA
Baseline Scr, mg/dL 1.42 1.47 NA NA 1.43 1.39 NA NA
eGFR, mL/min/1.73m2, mean±SD 46±17 43±19 NA NA 49±12 50±8 NA NA
Mean contrast volume, mL 204 224 NA NA 115.5 129.1 159 156
Mean iodine dose, g 65.3 82.9 NA NA 37.0 47.8 50.9 57.7
PCI, % 93.3 93.3 NA NA 44.0 46.8 100 100
Race Asian Caucasian Asian Caucasian
Hydration (0.9% saline) 1mL/kg/h, ≥24h Volume unknown 1500ml 1mL/kg/h 12h
NAC use, % 0 0 0 100 100
CIN definition Scr↑ ≥0.5mg/dL or ≥25% Scr↑ ≥0.5mg/dL or ≥25% Scr↑ ≥50% Scr↑ ≥25%
CIN time frame, d 3 3 3 3
Creatinine assessment, d NA 1,3 72±12 (h), 7 1, 2, 3, at discharge
Total patients, n 90 220 562 133
Primary outcome AHF CIN CIN CIN
Inclusion criteria of renal function eGFR <60mL/min/1.73m2 eGFR <60mL/min/1.73m2 30 �eGFR <60mL/min/1.73m2 CrCl �60mL/min

Shin et al, 2011 Han et al, 2010 Juergens et al, 2009 Nie et al, 2008

Iodixanol
(n=215)

Iopromid
(n=205)

Iodixanol
(n=848)

Iopromid
(n=860)

Iodixanol
(n=91)

Iopromid
(n=100)

Iodixanol
(n=106)

Iopromid
(n=102)

Iodine concentration, mg I/mL 320 300 320 370 320 370 320 370
Male, % 51 57 NA NA 79 73 69 67
Age, y, mean±SD 71.1±8.7 71.9±8.2 [0,4-5]>60 70.2±9.2 69.4±10 61±11.5 60±12.3
Diabetes, % 44 49 NA NA 35 46 27 27
Baseline Scr, mg/dL 1.37 1.41 1.81 1.76 1.63 1.61 1.48 1.49
eGFR, mL/min/1.73m2, mean±SD 42±12 42±12 NA NA 48±17 46±15 46±12 47±12
Mean contrast volume, mL 172.3 179.0 NA NA 101 116 149.7 158.2
Mean iodine dose, g 55.1 53.7 NA NA 37.4 42.9 47.9 58.5
PCI, % 43.0 47.0 61.2 62.9 12.0 24.0 45.3 49.0
Race Asian Asian Caucasian Asian
Hydration (0.9% saline) 1mL/kg/h, ≥16h NA 1200mL 1000mL
NAC use, % 64 60 0 100 100 0
CIN definition Scr↑ ≥0.5mg/dL or ≥25% Scr↑ ≥0.5mg/dL Scr↑ ≥0.5mg/dL or ≥25% Scr↑ ≥0.5mg/dL or ≥25%
CIN time frame, d 2 3 2 3
Creatinine assessment, days 1, 2 3 2, 7 2, 3, 5, 6, 7
Total patients, N 420 1708 191 208
Primary outcome CIN Creatinine change, CIN CIN CIN
Renal inclusion criteria CrCl �60mL/min 30 �CrCl �60mL/min Scr>130mmol/L or CrCl <60mL/min CrCl �60mL/min

AHF= acute heart failure, CIN= contrast-induced nephropathy, CrCl=creatinine clearance, eGFR= estimated glomerular filtration rate, NA=not available, NAC=N-acetylcysteine, PCI=percutaneous coronary
intervention, Scr= serum creatinine, SD= standard deviation.
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increase of Scr ≥0.5mg/dL from baseline in patients with minor
degrees of renal insufficiency (serum creatinine level of less than 2
mg/dL).[33] Accordingly, if a study reported outcomes of CIN of
both the 2 definitions, data of the relative definition (DScr ≥25%)
Table 2

Grading of quality of studies according to GRADE.

References Published year Risk of bias Inconsistency Indirec

Nie et al 2008 0 0 0
Juergens et al 2009 0 0 0
Han et al 2010 �1 �1 0
Shin et al 2011 �1 0 0
Bolognese et al 2012 0 0 0
Chen et al 2012 0 �1 0
Said et al 2013 �1 0 0
Qian et al 2017 0 0 0

4

would be adopted. As a result, because all the 8 studies (n=3532
participants) reported the incidence of increase in Scr≥25% from
baseline, the definition of CIN in our meta-analysis was actually
DScr ≥25%. As shown in Fig. 2, although there was an overall
tness Imprecision Publication bias Total Quality of evidence

0 0 0 High
0 0 0 High
0 0 �2 Low
0 0 �1 Moderate

�1 0 �1 Moderate
0 �1 �2 Low
0 0 �1 Low

�1 0 �1 Low



Figure 3. Forest plot of meta-analysis of the risk of CIN when iodixanol is compared with iopromide after the study by Han et al[24] was omitted.

Figure 2. Forest plot of odds ratio (OR) of contrast-induced nephropathy (CIN) when iodixanol is compared with iopromide.
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trend in favor of iodixanol, no significant difference was found in
the risk of CIN between the iodixanol and iopromide group (OR
0.50, 95% CI 0.19–1.35, P= .17). Because a very high between-
study heterogeneity was detected (I2=94%, Q=110.20, P
< .00001), a sensitivity analysis was performed by recalculating
the OR value after omitting 1 study at a time. As a result, the
heterogeneity became much smaller (I2=56%, Q=13.52,
P= .04) (Fig. 3) when the study performed by Han et al[24]

was omitted, indicating it was the main source of high
heterogeneity. The remaining high heterogeneity (I2=56%)
arouse mainly from the 2 studies by Bolognese et al[19] and
Shin et al,[22] respectively (I2=0% without including these 2
Figure 4. Odds ratio (OR) of CIN for comparison of iodixanol with iopromide after r
contrast-induced nephropathy.

5

studies) (Fig. 4). Different from other 6 studies, these 2 trials both
demonstrated a nonsignificantly higher risk of CIN with the use
of iodixanol compared with iopromide. In addition, we
recalculated the OR value by omitting the 2 studies without
full text (Han et al[24] and Said et al[21]), and the result remained
insignificant (OR 0.80, 95% CI 0.49–1.28, P= .35) (Fig. 5).
Meta-regressions did not suggest any significant interaction
between the OR of CIN for comparison of iodixanol with
iopromide and variables such as average age (slope 0.100,
standard error [SE] 0.051, P= .143), proportion of diabetes
(slope 6.320, SE 2.75, P= .105), mean baseline eGFR (slope
�0.145, SE 0.071, P= .135), use of NAC (slope 0.921, SE 0.399,
emoving the studies by Han et al[24], Shin et al,[22] and Bolognese et al[19]. CIN=
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Figure 5. Odds ratio (OR) of CIN for comparison of iodixanol with iopromide after removing the studies by Han et al[24] and Said et al[21]. CIN=contrast-induced
nephropathy.
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P= .104) or any of the other variables studied (data not shown).
We therefore performed a subgroup analysis according to the use
of NAC. Still, there was no significant difference in each
subgroup, but the advantage of iodixanol over iopromide in the
incidence of CIN seemed to be reversed in patients using NAC,
with a very low heterogeneity (I2=0). The between-subgroup
differences was relatively apparent but without statistical
significance (P= .07) (Fig. 6). We also performed a subgroup
analysis by whether patients are in moderate risk or highest risk,
referring to the criterion by the review mentioned above.[18]

However, iopromide seemed to show no advantage in either
moderate-risk subgroup or highest-risk subgroup (Fig. 7). Last,
but not the least, because diabetes is known to be a modulator of
CIN,[34] we also performed a subgroup analysis in patients with
and without diabetes. A total of 3 studies[23,32,35] offered detailed
data on CIN, respectively, in patients with and without diabetes.
As a result, there was still no significant difference between
iodixanol and iopromide, both in patients with and without
Figure 6. Odds ratio (OR) of CIN for comparison of iodixanol with iopromide (subg
NAC=N-acetylcysteine.
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diabetes mellitus (P= .99 and P= .69). The between-subgroup
difference was also statistically insignificant (P= .78) (Fig. 8).
However, a further analysis demonstrated that on the base of
renal insufficiency, the occurrence of CIN in the smaller subset of
patients with diabetes was significantly more frequent than that
in patients without diabetes (9.95% vs 5.93%,OR 1.58, 95%CI
1.02–2.46, P= .04), as was shown in Fig. 9. In this analysis, there
was publication bias on Egger test (P= .017), but further analysis
using trim-and-fill test indicated this publication bias did not
impact the estimates (ie, no trimming performed because data
unchanged).
Four studies (n=1381 participants) reported the peak increase

in Scr after contrast administration. Pooling the data of these
studies showed no significant difference in the MD of the
iodixanol and iopromide group (MD �0.01mg/dL, 95% CI
�0.08 to 0.05, P= .69) (Fig. 10), with statistically significant
between-study heterogeneity (I2=51%, Q=6.17, P= .10).
Sensitivity analysis showed this heterogeneity mainly resulted
roup analysis: NAC use vs no NAC use). CIN=contrast-induced nephropathy,



[36] 2

Figure 7. Odds ratio (OR) of CIN for comparison of iodixanol with iopromide (subgroup analysis: moderate-risk patients vs highest-risk patients). CIN=contrast-
induced nephropathy.
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from the trial byNie et al (I =0% after this trial was omitted).
However, the result was not changed by exclusion of this study.
There was no significant publication bias in this analysis
(P= .628).
Extractable data of cardiovascular adverse events were

available in 4 studies (n=1280 participants), and a total of
104 cardiovascular adverse events were recorded, including all-
cause death, stroke, myocardial infarction, angina pectoris, new
arrhythmias, acute heart failure, and repeat revascularization.
Follow-up time for investigation of adverse events was 90 days in
the trial performed by Qian et al[20] and 30 days in other 3
trials.[22,23,36] The iodixanol group had a significantly lower rate
of cardiovascular adverse events than the iopromide group (OR
0.47, 95% CI 0.30–0.73, P= .0009) (Fig. 11). No statistically
significant between-study heterogeneity was detected (I2=0%,
Q=2.53, P= .47), and thus a fixed-effects model was used. No
significant publication bias was evident (P= .575).
Figure 8. Odds ratio (OR) of CIN for comparison of iodixanol with iopromide i
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4. Discussion

The main finding of this meta-analysis of RCTs was that in the
population of patients with renal insufficiency undergoing
coronary angiography with or without PCI. The iso-osmolar,
nonionic dimer iodixanol was associated with a lower risk in the
incidence of CIN that was not statistically significant when
compared with the low-osmolar, nonionic monomeric iopro-
mide. There was no significant difference in the maximum
increase in Scr after contrast exposure between iodixanol and
iopromide. Iodixanol had a significant lower risk of adverse
events after contrast media (CM) administration compared with
iopromide.
In general, our findings for the incidence of CIN between

iodixanol and iopromide are consistent with other meta-analyses
performed by Reed et al,[15] Heinrich et al,[16] and From et al.[17]
n patients with and without diabetes. CIN=contrast-induced nephropathy.

http://www.md-journal.com


Figure 10. Weighted mean difference of mean peak Scr increase for comparison of iodixanol with iopromide.

Figure 9. Meta-analysis of the risk of CIN in patients with diabetes versus patients without diabetes. CIN=contrast-induced nephropathy.
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These 3 studies drew a similar conclusion that no significant
difference in the risk of CIN could be found between iodixanol
and LOCM other than iohexol, of which iopromide was
included. However, the results of our meta-analysis seem to
conflict with a much earlier meta-analysis by McCullough
et al,[14] both in the outcome of CIN and themaximum increase in
Cr. In that study iodixanol was demonstrated to had a lower risk
for CIN than LOCM among patients with CKD, and the
maximum increase in Cr was significantly less in patients treated
with iodixanol than with LOCM, both in all patients (P< .001)
and in patients with CKD (P= .004). We must point out,
although each of the meta-analyses mentioned above had
subgroup analysis comparing iodixanol to iopromide, they had
no further restriction on either reason for contrast or renal
function on the patients included, weakening the comparability
between these meta-analyses and ours. With respect to the notion
introduced by McCullough et al[18] that low-osmolar contrast
agents are reasonable for moderate-risk patients and iso-osmolar
Figure 11. Odds ratio (OR) of total cardiovascular adver

8

contrast is indicated for the highest-risk patients, we did
verification by performing subgroup analysis according to the
risk stratification criterion in that review. However, iopromide as
a low-osmolar contrast showed no advantage in the reduction of
CIN in moderate-risk patients. On the contrary, there was no
indication that the advantage of iodixanol over iopromide in
highest-risk patients was more remarkable than that in moderate-
risk patients. Thus, the conclusion by McCullough et al seemed
equivocal from our meta-analysis, probably because of the
limitation of the sample size of the population included.
Our subgroup analysis on diabetes verified the notion that

diabetes is a risk factor for CIN, which was proved by many
previous studies.[34,37,38] However, it seemed that the lack of
significant difference between iodixanol and iopromide in the risk
of CIN in renal impaired patients would not be changed by
whether the patient was combined with diabetes or not. This
finding was consistent with several original researches[22,23,32]

and a meta-analysis by From et al.[17]
se events for comparison of iodixanol with iopromide.
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Our findings that iodixanol may be associated with a
lower occurrence of cardiovascular adverse events seem to
contradict another meta-analysis performed by Zhang et al,[39]

which shows no significant reduction in cardiovascular
events with iodixanol when compared with LOCM overall in
all patients. However, it should be noted that in that analysis, 7 of
13 were trials comparing iodixanol with ioxaglate. In contrast,
only 2 were trials comparing iodixanol with iopromide.
Ioxaglate, as an ionic dimer, has great difference in chemical
with nonionic monomer iopromide.[40] Therefore, conclusions
from that analysis may, at most, be drawn for the comparative
cardiovascular safety of iodixanol versus ioxaglate, but not
for iodixanol versus iopromide. The benefit of iodixanol
over iopromide in cardiac safety may be explained by the
difference in electrophysiological and hemodynamic effects of
the 2 agents.[26,41] Iodixanol, a nonionic dimer, affects
hemodynamic and ECG parameters to a lesser degree than
nonionic monomeric CM iopromide, in part, due to the iso-
osmolarity. In a cardioangiographic study,[42] systolic pressure
decreased and heart rate increased with iopromide, whereas
iodixanol did not significantly influence these hemodynamic
parameters. Furthermore, the mean increases in femoral blood
flow measured after injection of iodixanol or ioprmoide in
the aorta were significantly lower with iodixanol.[43] From the
above, iodixanol induces minor changes in cardiac function
than iopromide, thereby may lead to the lower occurrence of
cardiovascular adverse events.
Finally, given the relative absence of difference in CIN with use

of iodixanol and iopromide, cost emerged as an important factor
in the choice of which contrast to use. One study comparing the
cost-effectiveness of various contrast medium suggested that
iodixanol is less costly when compared with iopromide,[44]

whereas another study drew an opposite conclusion.[45] This
could be due to the variation of pricing for agents among
institutions depending on the cost per vial and the packaging of
materials.
A major strength of this meta-analysis is the precision of

the comparison between iodixanol and iopromide. It is the
first meta-analysis that specifically compared iodixanol to
iopromide in patients with renal insufficiency undergoing
coronary angiography with or without PCI. Previous several
meta-analyses have suggested that one must be cautious
when interpreting results of analyses that are based on the
pooling of all LOCM, because the risk of CIN may not be
explained by osmolarity alone.[15–17] Ionicity, viscosity,
molecular structure, and direct molecular toxicity may
also play important roles in the pathogenesis of CIN,[46–49]

stressing the necessity of comparing iodixanol to certain specific
LOCM.
In previous studies, the population studied was heteroge-

neous.[14–17,39] On one hand, high-risk and healthy patients
were all included. On the other hand, reasons for contrast
were various, amplifying the population heterogeneity. As is
widely accepted, there is a close relationship between baseline
renal function and the risk of CIN.[6,10,11] It has even been
suggested that renal dysfunction may amplify the difference
between iodixanol and LOCM in the incidence of CIN.[14,50]

Therefore, we think reducing the population heterogeneity
should be highlighted. However, authors of previous studies
attributed heterogeneity mainly to confounding factors
such as the use of NAC and the amount or type of intravenous
hydration given before and after the contrast exposure.[14–16] It
is true that the use of vigorous hydration in combination
9

with NAC could reduce the risk of CIN, thereby weakening
the validity of comparison between 2 contrast media. However,
as our subgroup analysis showed, even in studies in which
NAC was used, there was no significant difference between
iodixanol and iopromide in the risk of CIN, and the
difference between the NAC arm and the no NAC arm
was statistically nonsignificant. Similar conclusion can be
drawn in hydration. Differences between the contrast
media and the population seem to play a major role in risk
reduction, rather than differences in hydration and the use of
NAC.[51–53]

A potential limitation of our meta-analysis is the inclusion of 2
abstracts (studies by Said et al[21] and Han et al[24]). Considering
the need to minimize publication bias and to guarantee validity,
we did not exclude them. Most importantly, we also performed
our analyses without including data from abstracts; again, our
results were not changed by exclusion of those data. Even if the
study by Han et al led to a huge heterogeneity, given its large
sample and the unchanged results after its exclusion, we
ultimately preserved it.
The comparative small number of included studies seems to be

a weakness of our meta-analysis, which should be mainly
ascribed to our rigorous inclusion criterion. However, the
number of total participants and the incidences of CIN and
cardiovascular events were substantial, which significantly
increase the statistical power of the analysis.
Another potential limitation of this study is that although we

performed a subgroup analysis of CKD±diabetes mellitus in the
outcome of CIN, we failed to perform a similar subgroup analysis
in the outcome of cardiovascular adverse events, mainly because
data of this outcome were not uniformly available among
patients with baseline diabetes.
5. Conclusions

In conclusion, results of this meta-analysis demonstrated that iso-
osmolar iodixanol, as compared with low-osmolar iopromide, is
associated with a nonsignificantly lower risk of CIN, but a
significantly reduced risk of cardiovascular adverse events after
coronary angiography in patients with renal insufficiency.
Despite an overall trend in favor of iodixanol, there is no
significant difference between iodixanol and iopromide in renal
safety in both moderate-risk and highest-risk patients. No
significant difference could be found between iodixaol and
iopromide in the incidence of CIN in renal insufficiency patients
with and without diabetes. Nonetheless, considering the overall
renal and cardiovascular security, our analysis still lends support
to the use of iodixanol for the contrast application in coronary
angiography in patients with CKD when compared with
iopromide. Further studies are needed to confirm whether the
use of iodixanol or LOCM should be dependent on the patients’
risk stratification.
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