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Nephrotoxicity of iodixanol versus iopamidol in
patients with chronic kidney disease and diabetes
mellitus undergoing coronary angiographic procedures

Warren Laskey, MD,? Peter Aspelin, MD,” Charles Davidson, MD, € Michael Rudnick, MD,? Pierre Aubry, MD, ¢
Sreenivas Kumar, MD,f Frank Gietzen, MD, ® and Marcus Wiemer, MD" on behalf of the DXV405 Study Group
Albuquerque, MN; Stockbolm, Sweden; Chicago, IL; Philadelpbia, PA; Paris, France; Andbra Pradesb, India; and
Saale and Bad Oyenbausen, Germany

Background The choice of radiographic contrast media for use in patients at increased risk of contrastinduced
nephropathy (CIN) is of ongoing interest.

Methods The current study is a prospective, multicenter, randomized, double-blind design comparing the renal effects of
the non-ionic, iso-osmolal agent, iodixanol, versus the non-ionic, low-osmolal agent, iopamidol, in 526 subjects with impaired
baseline renal function (chronic kidney disease) and diabetes mellitus undergoing diagnostic and/or therapeutic coronary
angiographic procedures. The co-primary end points were the peak increase in serum creatinine (SCr) and the incidence of
CIN (increase >0.5 mg/dL) in SCr from baseline within 3 days of receiving contrast media.

Results In 418 evaluable subjects with complete postcontrast media SCr data, the median peak increase in SCr in the
iodixanol arm was 0.10 mg/dL, whereas in the iopamidol arm, the median peak increase was 0.09 mg/dL (P = .13). The
overall CIN incidence was 10.5% (11.2% % in the iodixanol arm and 9.8% in the iopamidol arm, P = .7). The volume of
contrast media, volume of saline administered, frequency of coronary interventional procedures, and severity of baseline
kidney disease and of diabetes mellitus were similar between treatments.

Conclusions In the present study, the overall rate of CIN in patients with chronic kidney disease and DM undergoing
coronary angiographic procedures was 10.5%. There was no significant difference between iodixanol and iopamidol in either

peak increase in SCr or risk of CIN. (Am Heart ] 2009;158:822-828.e3.)

Contrast-induced nephrotoxicity (CIN) is defined as
acute deterioration in renal function within 72 hours in
patients receiving radiographic contrast media.'> Risk
factors identified for CIN represent a constellation of
clinical- and procedure-specific variables.*” Contrast-
induced nephrotoxicity is the third most common cause
of acute renal failure in hospitalized patients,*' increas-
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ing both short-term''*? and long-term "> risk for adverse

outcomes. Identification of high-risk patients and mitiga-
tion of the risk of CIN have become important, and
interrelated, issues in cardiovascular medicine.>'>!”
Although general agreement exists about the benefit of
low-osmolal contrast media for CIN prevention in subjects
at risk,'®*' debate on interspecies differences in CIN risk
among available low-osmolal zlgentszz'25 as well as
differences between iso-osmolal and low-osmolal contrast
media continue to motivate research.”® The current study
is a multicenter, randomized, double-blind, parallel-group
study comparing the renal effects of the iso-osmolal agent,
iodixanol (Visipaque, GE Healthcare, Princeton, NJ), with
the low-osmolal agent, iopamidol (Isovue, Bracco Diag-
nostics, Inc., Princeton, NJ), in subjects with diabetes
mellitus (DM) and impaired renal function (chronic
kidney disease [CKD]) undergoing coronary angiography
with or without percutaneous coronary intervention.

Methods
Trial organization and conduct

Fifty-three centers enrolled at least 1 subject (29 centers in
Europe, 21 centers in North America, and 3 centers in India).
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Table 1. Study inclusion and exclusion criferia

Inclusion criteria:

1. The subject was older than 18 y.

2. The subject was referred for coronary angiography with or without
percutaneous coronary intervention.

3. The subject had DM | or Il treated with insulin or oral antiglycemics for at
least 1'y.

4. The subject had renal impairment of non-acute etiology: SCr
measurement not older than 6 m >150 pmol/L (1.7 mg/dL) for men
and =133 pmol/L (1.5 mg/dL) for women or a creatinine clearance <50
mL/min calculated according to Cockeroft-Gault formula shown below:

(Fs: 1 for males and 0.85 for females; body weight: to convert from pounds
to kilograms, divide body weight by factor 2.205; SCr, to convert
milligrams per deciliter to micromole per liter, multiply SCr with factor
88.4)

B (140 — ageyeyrs) X bodyweighty,) x 1.23 x Fg
CrCI(ml/min) =

Scr(;zmol/ 1)

5. The subject was able and willing to comply with study procedures
including hydration protocol, and signed and dated (ie, date and time)
informed consent was obtained.

6. The subject was male, or a female who was either surgically sterile (had
had o documented bilateral oophorectomy and/or documented
hysterectomy), postmenopausal (cessation of menses for >1 y), or
nonlactating, or if of childbearing potential the results of a serum or urine
human chorionic gonadotropin pregnancy test, performed at screening,
with the result known before contrast media administration, was
negative.

Exclusion criteria:

1. The subject was previously included in the study.

2. The subject had participated in any contrast media study within 30 d
before study enrolment.

3. The subject had received iodinated contrast medium within 7 d before
study agent administration or was scheduled to receive one within the
study period.

4. The subject was planned to undergo major surgery (coronary artery
bypass graft, carotid endarterectomy, vascular surgery) within 3 d after
the contrast media administration.

5. The subject was planned to undergo selective renal angiography.

6. The subject had a history of serious hypersensitivity reaction to iodinated
contrast media.

7. The subject had severe liver or hematologic disease, multiple myeloma,
or manifest thyrotoxicosis.

8. The subject had severe heart failure requiring intravenous therapy with
diuretics, inotropes, and/or vasodilators.

9. The subject was planned fo receive an intravenous diuretic or
intravenous mannitol in connection fo the contrast media administration.

10. The subject was hemodynamically unstable prestudy (ie, inability to
sustain systolic blood pressure >90 mm Hg within 48 h before contrast
media administration without pressor or balloon support).

11. The subject was on hemodialysis or peritoneal dialysis, and/or was in
acute renal failure.

12. The subject had undergone kidney transplantation.

13. The subject had received or would receive any of the following
potentially nephroprotective drugs within 3 d before or 3 d after contrast
media administration; N-acetylcysteine, fenoldopam, dopamine or
hydration with sodium bicarbonate. Potentially nephroprotective drugs
such as Ca-channel blockers, theophylline, etc, were allowed provided
they were used for treatment of the subject's chronic underlying disease.

14. The subject had received or was planned to receive any of the following
nephrotoxic drugs within 7 d before or 3 d after contrast media
administration; aminoglycosides, vancomycin, amphotericin B,
cyclosporin, methotrexate, cisplatin.

15. The subject had received or was planned to receive nonsteroidal
anti-inflammatory drugs within 3 d before or 3 d affer contrast media
administration, with the exception of low doses of acetyl salicylic acid (up
to 325 mg/d, and at a single occasion in connection with percutaneous
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Table | (continued)

coronary intervention up to 500 mg). However, subjects who were on a
stable nonsteroidal regimen could be enrolled.

16. The subject had or was planned to have the initiation, discontinuation,
or change in dose within 3 d before or 3 d after contrast media
administration of any of the following: trimethoprim, cimetidine,
angiotensin converting enzyme inhibitors, or angiotensin receptor
blockers.

17. The subject was on metformin (eg, Glucophage, Bristol-Meyers-
Squibb, New York, NY) at the time of coronary angiography/
intervention. Metformin had to be discontinued according to local
guidelines, and stopped no later than the time of CM administration,
withheld for at least 48 h, until the subject's SCr had been evaluated and
it was deemed safe to resume metformin.

Details of all study centers, investigators, number of subjects
enrolled, and administered contrast media are listed in
Appendix A. Each subject gave written informed consent
before any procedures or assessments and after the
aims, methods, anticipated benefits, and potential hazards
were explained.

This study was conducted in accordance with the Declaration
of Helsinki, the Good Clinical Practice Consolidated Guideline
approved by the International Conference on Harmonization
and applicable national, and local laws and regulations.

Study population

Inclusion and exclusion criteria are detailed in Table I. Study
subjects had both currently treated type I or type I DM and CKD
of non-acute etiology and were scheduled for coronary
angiography with or without percutaneous coronary interven-
tion. Chronic kidney disease was defined as serum creatinine
(SCr) 21.7 mg/dL for men and >1.5 mg/dL for women or a
creatinine clearance <50 mL/min, as estimated by the Cock-
croft-Gault formula at screening. The screening creatinine value
was not to be older than 6 months and was used solely to
determine study eligibility.

Study protocol

The baseline period was defined as the interval from 72
hours before contrast media administration to the time of
administration of the study agent . Subjects were randomized
to receive either iodixanol (290 mOsm/kg H,O; 320 mgl/mL)
or iopamidol (796 mOsm/kg H,O; 370 mgl/mL). Each subject
underwent coronary angiography with or without percutane-
ous coronary intervention according to the standard of care at
the center.

Contrast media volumes varied between individuals according
to medical need. Subjects, and site personnel evaluating the
subjects, were blinded to the contrast media administered. All
subjects were hydrated before, during, and after the procedure,
as previously described.”’

Venous blood was drawn for SCr concentration determination
before starting intravenous hydration (baseline), and 2, 3, and
7 days after the procedure. Serum creatinine changes from
baseline after contrast media administration were evaluated.
Samples were analyzed at a central laboratory.

Additional safety assessments included the recording of
adverse events up to 7 days post-contrast media administration.
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subjects enrolled
540

13

subjects excluded before dosing

subjects dosed
527

1

subjects excluded after dosing

(124 ITT subjects enrolled after 1st interim analysis)

evaluable for ITT population
526

108
(48 iodixanol, 60 iopamidol)

subjects excluded for protocol violations

(112 PP subjects enrolled after 1st interim analysis)

evaluable for PP population
418

Disposition of subjects in the current study.

Statistical design and determination of sample size
The study design specified 2 co-primary end points:

1. Maximum SCr value through day 3 compared to baseline.

2. Incidence of CIN, defined as the proportion of evaluable
subjects with a SCr increase of at least 0.5 mg/dL from
baseline up to day 3.

The sample size was estimated on the co-primary end point
incidence of CIN, defined as the number of subjects with a SCr
increase of at least 0.5 mg/dL (44 pmol/L) from baseline
(prehydration) up to day 3. The estimated CIN incidence in the
iodixanol group was based on available data reporting CIN rates
between 3% and 11% in the population with both DM and
CKD.”®?° The CIN rate in the iopamidol group was based on
published data on the subgroup with DM and CKD where the
reported incidences of CIN ranged between 9% and 30%.%%%> A
sample size of 408 evaluable subjects gave 90% power to detect
a significant difference in CIN rates between the iodixanol
group (expected CIN rate, 6%) and the iopamidol group
(expected CIN rate, 16%) at a significance level of .05.
Accounting for a 10% nonevaluable rate, the total number of
subjects included in the study was estimated to be 450.

Two analysis populations were defined (Figure 1):

1. Intention-to-treat (ITT) population: all study subjects who
received one of the contrast media.

2. Per-protocol (PP) population: all subjects complying with
the protocol sufficiently to ensure that the data would
be likely to exhibit the effects of contrast media, that is,
all subjects with a precontrast (baseline) and at least
1 postcontrast SCr value on day 2 or 3, without presence of
any major protocol violations. The most common exclusion
reasons were unauthorized concomitant medication (40%),
baseline blood sample taken after starting hydration (30%),
blood sample missing (25%), and low contrast media
volume (<20 mL) (5%).

An adjudication committee of 5 investigators blinded to
treatment assignment evaluated all subjects in the PP population
who reached the prespecified CIN definition. If review of an
individual case led to consensus that a cause other than contrast
media could be implicated in the SCr increase, the subject was
excluded from the above group of all patients manifesting an
increase in SCr of >0.5 mg/dL, and the results recalculated as a
more conservative CIN rate.



American Heart Journal
Volume 158, Number 5

Table II. Baseline demographic characteristics
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ITT population PP population
Total lodixanol lopamidol Total lodixanol lopamidol
Variable n =526 n = 263 n =263 n=418 n =215 n = 203
Gender Male 351 (67%) 177 (67%) 174 (66%) 270 (65%) 139 (65%) 131 (65%)
Female 175 (33%) 86 (33%) 89 (34%) 148 (35%) 76 (35%) 72 (35%)
Race White 386 (73%) 189 (72%) 197 (75%) 307 (73%) 156 (73%) 151 (74%)
Black 31 (6%) 22 (8%) 9 (3%) 22 (5%) 16 (7%) 6 (3%)
Oriental/Asian 91 (17%) 45 (17%) 46 (17%) 76 (18%) 39 (18%) 37 (18%)
Other 18 (3%) 7 (3%) 11 (4%) 13 (3%) 4 (2%) 9 (4%)
Age (y) Mean 69.7 69.5 69.8 69.6 69.6 69.7
SD 8.8 8.7 8.9 8.9 8.7 9.2
Range (min-max) 41-87 42-87 41-87 41-87 42-87 41-87
BMI (kg/m?) Mean 29.0 28.9 29.1 28.8 28.8 28.8
SD 6.3 6.0 6.5 6.1 6.0 6.1
Range (min-max) 16-71 17-60 16-71 17-60 17-60 16-50
ITT and PP populations defined in Methods (see text for details).
The primary ana}yses v&.rere based on data. pooled across Table Hll. Severity and duration of DM
all centers. Categorical variables were summarized by counts/
percentage and continuous variables by mean and SDs for Type of DM Duration
normally distributed data and median and interquartile range
dQR) for non-gaussian data. Tabulations of summary statistics, Typeln Typelln Mean
graphical presentations, and statistical analyses were performed n (%) (%) n (y) SD
using SAS software. A P value of <.05 was considered
statistically significant. 95% Cls for differences are reported, ITT population
where appropriate. TOf(]l 526 22 (4) 504 (96) 522 13.1 98
This study was supported in its entirety by GE Healthcare, Ltd. |°diX°f‘°| 263 11(4) 252(96) 262 128 9.5
No extramural funding was used to support the writing of this lopamidol 263 11(4) 252(96) 260 134 10.1
article. The authors are solely responsible for the drafting and .
. N - PP population
editing of this article. Statistical analyses were performed by GE Total 418 20 (5) 398(95) 415 13.2 10.0
Healthcare and reviewed by the authors before the drafting and lodixanol 215 11(5) 204 (95) 214 12.5 10.0

writing of the paper.

Results

The study was conducted between August 25, 2005,
and February 26, 2007.

Clinical characteristics of study population

Figure 1 illustrates the final patient disposition. Two
hundred two patients in the PP population were from
Europe (iodixanol, 103; iopamidol, 99), 147 from North
American (iodixanol, 76; iopamidol, 71), and 69 from
India (iodixanol, 36; iopamidol, 33). There were no
significant differences in contrast media allocation over
these geographic regions.

Table II summarizes the clinical and demographic
variables. There were no significant differences between
treatments, in either the ITT or PP populations, in any of
these baseline factors. In addition, there were no significant
differences in DM severity, type, or duration (for ITT:
iodixanol 12.8 + 9.5 years, iopamidol 13.4 + 10.1 years, P =
.48; for PP: iodixanol 12.5 + 10.0 years; iopamidol 13.9 +
11.0 years, P = .17) between treatments (Table IID).

There were no significant differences in the median
baseline SCr (iodixanol 1.60 mg/dL, IQR 0.6 mg/dL;

lopamidol 203 9(5) 194 (96) 201 139 110

iopamidol 1.51 mg/dL, IQR 0.7 mg/dL; P = .28) or median
baseline CrCl (iodixanol 45.5 mL/min, IQR 22.1 mL/min;
iopamidol 47.9 mL/min, IQR 22.1 mL/min; P = .8)
between the PP treatment groups.

There were no significant differences between treat-
ment groups in either the ITT or PP populations, in
contrast media volume (for ITT: iodixanol 117.7 + 77.4
mL, iopamidol 121.4 + 85.1 mL, P = .55; for PP: iodixanol
121.1 = 78.2 mL, iopamidol 112.6 + 67.6 mL, P = .45).
The amount of iodine administered (for ITT: iodixanol
37.7 + 24.9 g, iopamidol 44.9 + 31.5 gI, P = .002; for PP:
iodixanol 38.7 + 25.0 gI, iopamidol 41.7 + 25.0 gI, P =
.002) was greater in the iopamidol group.

In the ITT population, 26% of patients receiving
iodixanol and 27% of patients receiving iopamidol
underwent coronary intervention. In the PP population,
27% of patients receiving iodixanol and 25% of patients
receiving iopamidol underwent coronary intervention.

The mean hydration volumes (from 24 hours before
until 72 hours after contrast media administration) were
1539 + 1070 mL in the iodixanol group and 1447 + 868
mL in the iopamidol group (P = .9).
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Table IV. Measured SCr values over time

Measured values

(mg/dL)

Treatment Observation

group time n Mean SD

PP population

Total (n = 418) Baseline 418 1.64 0.53
48 h 404 1.69 0.59
72h 396 1.69 0.62
7d 365 1.68 0.60

lodixanol (n = 215) Baseline 215 1.63 0.51
48 h 209 1.70 0.58
72 h 206 1.71 0.61
7d 187 1.69 0.60

lopamidol (n = 203) Baseline 203 1.64 0.56
48 h 195 1.68 0.60
72h 190 1.68 0.62
7d 178 1.68 0.59

There were no differences between treatments in the
proportion of patients with SCr determinations at any
time point from baseline through day 3. Overall,
ascertainment was 100% at baseline, 97% at 48 hours,
and 95% at 72 hours (Table IV).

Renal outcomes: Primary end points

Mean/median peak SCr increased from baseline
through day 3.

In the ITT population overall, the mean/median (IQR)
peak SCr increase was 0.13 + 0.33/0.10 mg/dL (0.20). The
mean/median IQR) peak SCrincrease in the iodixanol ITT
group was 0.14 = 0.38/0.10 mg/dL (0.20) versus 0.11 +
0.28/0.09 mg/dL (0.25) in the iopamidol ITT group (P=.38
by Wilcoxon rank sum test).

In the PP population overall, the mean/median (IQR)
peak SCr increase was 0.11 = 0.33/0.10 mg/dL (0.23).
The mean/median (IQR) peak SCr increase with
iodixanol was 0.14 += 0.38/0.1 mg/dL (0.20) versus
0.09 + 0.26/0.09 mg/dL (0.27) with iopamidol (P = .13
by Wilcoxon rank sum test). Figure 2 shows the distri-
butions of the peak SCr increase through day 3 in each
PP treatment arm.

Incidence of CIN from baseline up to day 3

There were 44 cases (10.5%) meeting the criterion of a
SCr increase from baseline of, at least, 44 umol/L, or 0.5
mg/dL. The CIN rate with iodixanol was 11.2% (24/214)
and 9.8% (20/203) with iopamidol. This difference was
not statistically significant (x>= 0.2, P = .7) (95% CI —7.4%
to +4.6%).

The adjudication committee evaluated all 44 cases
before database lock to determine whether prespecified
protocol deviations (eg, hydration amount or timing) or
confounding (eg, subsequent hemodynamic deteriora-
tion or surgery) could be implicated in the SCr increase.
Thirteen cases (4 iodixanol, 9 iopamidol) were so
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Figure 2
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Box and whisker plots of the maximum increase in SCr (umol/L)
through day 3 in the iodixanol (upper) and iopamidol (lower) PP
treatment groups. The distributions are virtually superimposable with
a median (IQR) peak increase in SCr of 9 umol/L (18 pmol/L) in
patients receiving iodixanol and 8 pumol/L (24 pmol/L) in patients
receiving iopamidol (1 mg/dL=88 pmol/L).

identified. Thus, a more conservative CIN rate in the PP
population overall was 7.4% (31 subjects) with 20 (9.3%)
of 215 subjects receiving iodixanol and 11 (5.4%) of 203
subjects receiving iopamidol. This difference was not
statistically significant (x2= 2.3, P =.14) (95% CI —1.2%
to +8.9%).

There was no significant difference in CIN between
patients undergoing percutaneous coronary intervention
(iodixanol 10.5%, iopamidol 7.8%, P = .13) or angiogra-
phy only (iodixanol 8.9%, iopamidol 4.6%, P = .92). When
the PP population was categorized by contrast media
volume administered (>80 or 100 mL vs <80 or 100 mL),
again no differences in CIN between treatments were
noted in either volume category. In patients with
creatinine clearance <30 mL/min (n = 42), there were 3
instances of CIN in the 18 patients receiving iodixanol
and 3 instances of CIN in the 24 patients receiving
iopamidol (P = .99).

Overall safety profile

In the ITT population, 198 (38%) of 526 patients
experienced a total of 437 adverse events. Thirty-one
adverse events in 26 subjects were considered to be
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treatment-related contrast media (17 events in 15 subjects
receiving iodixanol, 14 events in 11 subjects receiving
iopamidol). Most adverse events were mild in intensity
and resolved during the study. There were 54 serious
adverse events in 37 patients without identifiable differ-
ences between treatments in any category. Three subjects
required either hemodialysis or hemofiltration. There
were 7 in-hospital deaths in the ITT population (1.3%) and
3 deaths in the PP population (0.7%). Of the deaths in the
PP population, there were no instances of CIN.

Discussion

In this study comparing the renal effects of the iso-
osmolal agent, iodixanol, to the low-osmolal agent,
iopamidol, in subjects with CKD and DM undergoing
coronary angiographic procedures, there were no
significant differences between contrast agents in the
co-primary end points of peak increase in SCr through
day 3 or CIN incidence through day 3. Both agents were
well tolerated.

Contrast-induced nephropathy remains a major cause
of acute kidney failure and is associated with short- and
long-term cardiovascular morbidity and mortality. Con-
sistent evidence in support of CIN prevention with
pharmacologic treatments is lacking'® and the mainstays
of CIN prevention remain volume repletion, that is,
“hydration,” and the use of low or iso-osmolal contrast
media.”*?' However, recent meta-analyses provide
conflicting information, with one review suggesting the
superiority of iodixanol*® and another indicating no
difference in renal safety between iso-osmolal and low-
osmolal contrast media.*>* Data from recent clinical trials
addressing CIN risk in the setting of coronary angio-
graphic procedures indicate wide variation in risk®”>>°
with an overall CIN incidence, defined as a SCr increase
of >0.5mg/dL, of approximately 10%.

To date, only one trial has specifically examined the
relative nephrotoxicity of iso-osmolal contrast media
versus low-osmolal contrast media in patients with CKD
and DM.?® Our results differ from the latter, although the
comparator in the current trial iopamidol) differed from
that in the latter (iohexol). Contrast-induced nephropathy
risk in the iodixanol and iopamidol arms in the present
trial were 11.2% and 9.8%, respectively, compared to 3%
and 26% (in the iohexol arm), respectively. Despite study
population differences, most notably the inclusion of only
patients with CKD and DM in the present study, our
results are similar to a recent trial comparing the relative
nephrotoxicity of iodixanol versus iopamidol.’56 In the
latter, comparably defined CIN rates with iodixanol and
iopamidol were 6.7% and 4.4%, respectively (P = .39).
The numerically higher overall CIN rate in the present
study reflects the higher-risk patient population.

Varying CIN definitions have further confounded the
issue of relative nephrotoxicities among low-osmolal
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contrast media as well as between specific low-osmolal
and iso-osmolal contrast media. In one trial, the difference
between iodixanol and ioxaglate was significant only
when CIN was defined as a SCr increase of >25% or =0.5
mg/dL but not so when the >0.5 mg/dL criterion was
applied.57 Similarly, in another recent study>® defining
CIN as a SCr increase of >25% or >0.5 mg/dL, the
difference between iodixanol and iopromide was only
marginally significant using the >0.5 mg/dL criterion.
Thus, caution is needed when comparing studies in
which the CIN definition varies among studies.

Sufficient prior data were available to estimate an
expected CIN rate in subjects with CKD and DM exposed
to iodixanol. The data available at the time of this study
design were not, in retrospect, sufficiently reliable to
estimate an expected CIN rate in subjects exposed to
iopamidol. Significant overestimation of the latter,
coupled with a modest underestimation of the expected
rate with iodixanol, resulted in a significantly reduced
(post hoc) power and sample size. It is also possible that,
despite the recruitment of a “high-risk” group of
patients, the evaluable subjects were “not sick enough.”
A post hoc, subgroup analysis of the highest-risk
candidates, those with creatinine clearance <30 mL/min
and DM undergoing complex or emergent PCI, is limited
by small subject numbers. In the present study, only 10%
of patients had a creatinine clearance <30 mL/min.
Finally, it may well be that there is no true difference
in nephrotoxicity between iodixanol and iopamidol,
or, if there is, such a difference is unlikely to be
clinically meaningful.

In conclusion, in the present study, a significant
difference in nephrotoxicity between the iso-osmolal
contrast media iodixanol and the low-osmolal contrast
media jopamidol in a high-risk patient population
undergoing coronary angiographic procedures could
not be demonstrated. Future clinical trial designs to
address similar questions in even higher-risk populations
(urgent/emergent procedures, poorly controlled/long-
standing DM, creatinine clearance <30 mL/min) should
carefully consider this body of prior evidence.

Acknowledgements

We wish to acknowledge Caroline Widlund BSc,
RN, who served as the Global Study Team Leader
for this study and Natalie Khutoryansky, PhD, for
statistical support.

References
1. Singri N, Ahya SN, Levin ML. Acute renal failure. JAMA 2003;289:
747-51.
2. Lameire N, Van Biesen W, Vanholder R. Acute renal failure. Lancet
2005;365:417-30.
3. Murphy SW, Barrett BJ, Parfrey PS. Contrast nephropathy. J Am Soc
Nephrol 2000;11:177-82.



DO NOT COPY

828 laskey et al

13.

15.

16.

17.

18.

19.

20.

21.

22.

23.

McCullough PA, Wolyn R, Rocher LL, et al. Acute renal failure after
coronary intervention; incidence, risk factors and relationship to
mortality. Am J Med 1997;103:368-75.

Mehran R, Aymong ED, Nikolsky E, et al. A simple risk score for
prediction of contrast-induced nephropathy after percutaneous
coronary intervention: development and initial validation. J Am Coll
Cardiol 2004;44:1393-9.

Bartholomew BA, Harjai KJ, Dukkipati S, et al. Impact of nephropathy
after percutaneous coronary intervention and a method for risk
stratification. Am J Cardiol 2004;93:1515-9.

Cochran ST, Wong WS, Doe DJ. Predicting angiography-induced
acute renal function impairment: clinical risk model. AJR Am J
Roentgenol 1983;141:1027-33.

Hou SH, Bashinsky DA, Wish JB, et al. Hospital-acquired renal
insufficiency: a prospective study. Am J Med 1983;74:243-8.
Shusterman N, Strom BL, Murray TG, et dl. Risk factors and outcome
of hospital-acquired acute renal failure. Clinical epidemiologic study.
Am J Med 1987,83:65-71.

Nash K, Hafeez A, Hou S. Hospital-acquired renal insufficiency. Am J
Kidney Dis 2002;39:930-6.

. Levy EM, Viscoli CM, Horwitz RI. The effect of acute renal failure on

mortality: a cohort analysis. JAMA 1996,275:1489-94.

Rihal CS, Textor SC, Grill DE, et al. Incidence and prognostic
importance of acute renal failure after percutaneous coronary
intervention. Circulation 2002;105:2259-64.

Gruberg L, Mintz GS, Mehran R, et al. The prognostic implications of
further renal function deterioration within 48 h of interventional
coronary procedures in patients with pre-existent chronic renal
insufficiency. J Am Coll Cardiol 2000,36:1542-8.

Sadeghi HM, Stone GW, Grines CL, et al. Impact of renal
insufficiency in patients undergoing primary angioplasty for acute
myocardial infarction. Circulation 2003;108:2769-75.

McCullough PA, Adam A, Becker CR, et al. Risk prediction of
contrast-induced nephropathy. Am J Cardiol 2006,98(Suppl):
27K-36K.

Becker CR, Davidson C, Lameire N, et al. High-risk situations and
procedures. Am J Cardiol 2006;98(Suppl):37K-41K.

Stacul F, Adam A, Becker CR, et al. Strategies to reduce the risk of
contrast-induced nephropathy. Am J Cardiol 2006,98(Suppl):
59K-77K.

Tepel M, Aspelin P, Lameire N. Contrast-induced nephropathy. A
Clinical and evidence-based approach. Circulation 2006;113:
1799-806.

Barrett BJ, Carlisle EJ. Meta-analysis of the relative nephrotoxicity of
high- and low-osmolality iodinated contrast media. Radiology 1993;
188:171-8.

Schweiger MJ, Chambers CE, Davidson CJ, et al. Prevention of
contrast-induced nephropathy: recommendations for the high risk
patient undergoing cardiovascular procedures. Catheter Cardiovasc
Interv 2007,69:135-40.

Morcos SK, Thomsen HS, Webb JA. Contrast-media—induced
nephrotoxicity: a consensus report. Contrast Media Safety Commit-
tee, European Society of Urogenital Radiology (ESUR). Eur Radiol
1999,9:1602-13.

Deray G, Bellin MF, Boulechfar H, et al. Nephrotoxicity of contrast
media in high-risk patients with renal insufficiency: comparison of low-
and high-osmolar contrast agents. Am J Nephrol 1991;11:309-12.
Campbell DR, Flemming BK, Mason WF, et al. A comparative study of
the nephrotoxicity of iohexol, iopamidol and ioxaglate in peripheral
angiography. Can Assoc Radiol J 1990;41:133-7.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

American Heart Journal
November 2009

Nikonoff T, Skau T, Berglund J, et al. Effects of femoral arteriography
and low osmolar contrast agents on renal function. Acta Radiol 1993;
34:88-91.

Sharma S, Kini A. Effect of nonionic radiocontrast agents on the
occurrence of contrast-induced nephropathy in patients with mild-
moderate chronic renal insufficiency: pooled andlysis of the
randomized trials. Catheter Cardiovasc Interv 2005;65:386-93.
McCullough PA, Bertrand ME, Briner JA, et al. A meta-analysis of the
renal safety of isosmolar iodixanol compared with low osmolar
contrast media. J Am Coll Cardiol 2006;48:692-9.

Rudnick MR, Davidson C, Laskey W, et dl, for the VALOR Trial
Investigators. Nephrotoxicity of iodixanol versus ioversol in patients
with chronic kidney disease: the Visipaque Angiography/Interven-
tions with Laboratory Outcomes in Renal Insufficiency (VALOR) trial.
Am Heart J 2008;156:776-82.

Aspelin P, Aubry P, Fransson SG, et al. Nephrotoxic effects in high-
risk patients undergoing angiography. N Engl J Med 2003;348:
491-9.

Chalmers N, Jackson RW. Comparison of iodixanol and iohexol in
renal impairment. Br J Radiol 1999,;72:701-3.

Hardiek K, Katholi RE, Ogden RN. Double-blind, randomized
comparison of iopamidol-370 and iodixanol-320: renal response in
diabetic subjects RSNA 2003; 3.12.2003. p.541.

Oldemayer JB, Biddle WP, Wurdeman RL, et al. Acetylcysteine in the
prevention of contrast-induced nephropathy after coronary angiog-
raphy. Am Heart J 2003;146:E23.

Shyu KG, Cheng J, Kuan P. Acetylcysteine protects against acute
renal damage in patients with abnormal renal function undergoing a
coronary procedure. J Am Coll Cardiol 2002;40:1383-8.

Taliercio CP, Vliestra RE, Ilstrup DM, et al. A randomized comparison
of the nephrotoxicity of iopamidol and diatrizoate in high risk patients
undergoing coronary angiography. J Am Coll Cardiol 1991;17:
384-90.

Heinrich MC, Haberle L, Muller V, et al. Nephrotoxicity of iso-osmolar
iodixanol compared with nonionic low-osmolar contrast media:
meta-analysis of randomized controlled frials. Radiology 2009;250:
68-86.

Rudnick MR, Goldfarb S, Wexler L, et al, for the lohexol Cooperative
Study. Nephrotoxicity of ionic and nonionic contrast media in 1196
patients: a randomized trial. The lohexol Cooperative Study. Kidney
Int 1995,47:254-61.

Solomon RJ, Natarajan MK, Doucet S, et al. Cardiac angiography in
renally impaired patients (CARE) study. Circulation 2007;115:
3189-96.

Jo SH, Youn TJ, Koo BK, et al. Renal toxicity evaluation and
comparison between Visipaque (iodixanol) and Hexabrix (ioxaglate)
in patients with renal insufficiency undergoing coronary angiography
(the RECOVER study). J Am Coll Cardiol 2006;48:924-30.

Nie B, Cheng WJ, Li YF, et al. A prospective, double-blind,
randomized, controlled trial of the efficacy and cardiorenal
safety of iodixanol vs. iopromide in patients with chronic kidney
disease undergoing coronary angiography with or without
percutaneous coronary infervention. Cathet Cardiovasc Int 2008;
72:958-65.

Marenzi G, Assanelli E, Marana |, et al. N-Acetylcysteine and
contrast-induced nephropathy in primary angioplasty. N Engl J Med
2006,354:2773-82.

Briguori C, Airoldi F, D'Andrea D, et al. A. Renal insufficiency
following contrast media administration (REMEDIAL). Circulation

2007;115:1211-7.



DO NOT COPY

American Heart Journal

828.e1 laskey ef dl November 2000

Appendix A. Appendix A (confinued)

List of DXVAOS invesfigators and subject enrollment Center No. of subjects
oo nvesligalors and subject enroimen no. Investigator/ affiliation enrolled /given CM
Center No. of subjects . . .
no. Investigator/affiliation enrolled’/given CM 019 Dr Joachim SChumme.HGder (until July 19/19
1, 2006), Dr Frank Gietzen (from July
001 Prof Peter Aspelin/Karolinska 6/6 é;'mzk?l_? 6%£||-|zel:::r l;r;c}l_i:f(]}ss(—)lﬁg}ll;
University Hospital Huddinge, 141 86 Bad Nl d/Sg o G '
Stockholm, Sweden ac Neustadl/ saale, Germany
002 Dr Knut Er;dresen/Dep’r of 1/0 020 Prof Dr Franz-Josef Neumann/ 14/14
Cardiology, Rikshospitalet University ?S;ﬁ]em]r l;m7l?z;>ald85rgzg?(erzlzﬁmen
Hospital, Sognsvannsveien 20, 0027 Germagn ! gen,
Oslo, Norway 021 Dr Jucques Boschat/CHU de B 11
003 Dr Victor Legrand/Service de 1/1 H[ ic?l;lesl oéc qil Bl ; rest-
Cardiologie, Centre Hospitalier Bopll N CTTG ovaPe' anc 2% 200
Universitaire, Domaine du Sart BOU teva; ct;guy rigent,
. I . rest cedex, France
Timan, 4000 Llege,'Be'a|g|um 022 Dr Michael Rosseel/Algemeen 0/0
004 Dr Claude Hanet/Cliniques 0/0 delik Ziekenhui diologi
Universitaires St Luc, Service de f/:zr:sltlmf;%g ngggbcf;k;o l;)e?llg;’um
?;gg%l?f;il: OB:;; eizfne Hippocrate, 023 Dr Marc Vincent/Brussels Heart 7/7
005 PD Dr Willenbrock/Krankenhaus St 12/12 Ejnézejgé?:‘qug:iniflﬁ (S)E)Joean, 32
Elisabeth und St Barbara, Klinik for Brussels, Belgium e
Innere Medizin I, Mauerstrasse 5 8 .
! ! 024 Dr Mathias Vrolix/ZOIl-Campus St 4/4
nggﬁ;h ngrr?]i:;t’ 06110 Halle Jan, Cardiology department,
006 Dr Rainer Wessely Deutsches 4/4 Schlepsebp S 6’, 3800 Genk, Belgium
- . 025 Prof Ludwig Thierfelder/Franz- 9/9
Herzzentrum Minchen des Freistaates Volhard-Klinik Charité C
Bayern, Munich, Germany Bo |.GrB hImV\}'l b one amgl(J)s
007 Dr Marcus Wiemer/Herz- und 29/27 ]Zr]lg;j ;:rllin ge:;girrqsse !
Diabeteszentrum Nordrhein- ! 4
. . 026 PD Dr Stefan Sack/ 0/0
Westfalen, Kardiologische Klinik, Universitatsklinikum E 7
Georgstrasse 11, 32545 Bad niversifaisklinikum Essen, Zentrum
Oeynhausen Gelrmcmy for Innere Medizin, Klinik fir
008  Dr Rémi Sabatier/CHU Cote de 5/5 E“rd'°'°g'e' \éve“de:i'sﬂes g
Nacre, Service de Car diologie, erzzentrum Essen, Hutelandstrasse
14033 Caen Cedex, France 55, 45122 Essen, Germany
! - 027 Dr Antonio Manari/Azienda 5/5
009 Prof Dr Ruth Strasser/Medizinische 14/14 Ospeddliera Arcispedale Santa
Klinik/Kardiologie, Technische Maﬁ)’io Nuova di Rz i Emilia
Universitat Dresden, Fetscherstrasse Struttura Combl gg. Di ,F
76, 01307 Dresden, Germany | :U UI'C:. fompceszlq |I Jag\;’n’oT icae
010 Dr Pierre Aubry/Hapital Bichat, 6/6 r;‘.ewe.“ 'S 'f“ 88r B?gtl)dk ale
Service de Cardiologie B, 46, rue Els?lrglrrrer; R cggro
. . milia, Italy
Henri Huchard, 75018 Paris, Frgnce 028 Dr Nick Ossei-Gerning/University 2/2
011 Dr Azfar Zaman/Freeman Hospital, 7/7 Hospital of Wales, Heath Park
Brzeman Road, Newcastle NE7 7DN, Cardiff, CF14 4XW, UK
012 Centre withdrawn _ 029 Dr Matthias R. Schulze/Klinikum 18/18
013 Dr Thorsten Dill/Kerckhoff-Klinik 9/9 i‘lfh‘.’i’(almgadghs?(hWGLm-Eder-i
GmbH, Benekestrasse 2-8, 61231 fnixen ombll, frankenhaussirasse
Bad NI heim. G ’ 27, 34613 Schwalmstadt, Germany
ad Flauheim, fermany . 030 Prof Forster Tamds/Szegedi 6/5
014 Dr Eulogio Garcia/Hospital Gregorio 4/4 Onostudomanyi Eqvetem
Marahén, Cardiology Dept, Doctor Kardiolégiai Cy 4 K Lo f
Esquerdo, 46, 28007 Madrid, Spain 6 5790 oo j“:m' orany! fasor
015 Dr Franscisco Fernandez-Avilés/ 10/10 ! Zegec, Timgary .
. A . 031 Dr Lupkovics Géza/Zala Megyei 7/7
Hospital Universitario de Valladolid, Kérhaz. Kardioloaiai Osztaly. Zrinyi
Cardiology Dept, Avda Ramén y Mc"lrd 1z ;Jrg;)(;)g;nl szialy, £riny!
Cajal, 3, 47011 Valladolid, Spain H;n;’;"y ' claegerszeg,
016 \Ia!'”Paob Rué)qrte”g Ospe(]i?]e 2% 5/5 032 Dr Apré Dezsd/Allami Szivkérhaz 10/10
ée:;izss;i; | Orso easst, Balatonfiired, 1. sz. Kardiolégiai
017 Centre vi/iihd);awn - Oslztél|yi G)g)gy ter 2, 8230
B Balatontired, Hungary
018 Dr Charles Knight/The London Chest 0/0 033 Prof. Tomasz Pasierski/Miedzyleski 14/14

Hospital, Bonner Road, Bethnal
Green, London E2 9JX, UK

Szpital Specjalistyczny, Oddzial

(continued on next page)



DO NOT COPY

American Heart Journal

Volume 158, Number 5 LOSkeY et al 828.e2

Appendix A (confinued) Appendix A (continued)
Center No. of subjects Center No. of subjects
no. Investigator/affiliation enrolled”/given CM no. Investigator/affiliation enrolled’/given CM
Kardiologii, Ul. Bursztynowa 2, 04- 113 Peter C. Nishan, MD/LeBauer 7/7
749 Warszawa, Poland Cardiovascular Research Foundation,
034 Prof Slawomir Dobrzycki/ 16/15 1126 N Church St, Ste 300,
Samodzielny Publiczny Szpital Greensboro, NC 27401, USA
Kliniczny AM w Bialymstoku, Zaklad 114 Christian Bounds, MD/Delmarva 10/10
Kardiologii Inwazyjnej, Ul. M. Heart Research Foundation, Inc, 106
Sklodowskiej-Curie 24A, 15-276 Milford St, Ste 605, Salisbury, MD
Bialystok, Poland 21804, USA
035 Prof. Waldemar Banasiak/4 12/12 115 Maurice Buchbinder, MD/Foundation 0/0
Wosjskowy Szpital Kliniczny, Osrodek for Cardiovascular Medicine, 9834
Choréb Serca, Ul. Weigla 5, 53-114 Genesee Ave, Ste 310, La Jolla, CA
Wroclaw, Poland 92037, USA
101 Warren Laskey, MD*/The University 19/17 116 Jesse Goldman, MD/Temple 10/10
of New Mexico Health Science Center University Hospital, Parkinson
School of Medicine, Department of Pavilion 658, 3401 N Broad St,
Internal Medicine MSC10-5550, 1 Philadelphia, PA 19140, USA
University of New Mexico, 117 Anthony Fung, MD/The University of 15/15
Albuquerque, NM 87131, USA British Columbia, Vancouver Hospital
D Michelle Ratliff, MD/Albuquerque (VCH), Interventional Cardiology
Veterans Affairs Med ical Center, Research, 9176-2775 Laurel St,
1501 San Pedro SE, Albuquerque, Vancouver, BC V5Z 1M9, Canada
NM 87108, USA 118 Center withdrawn -
102 Charles J. Davidson, MD/251 East 26/26 119 John Hirshfeld, MD/University of 12/12
Huron Street, Feinberg 8-256, Pennsylvania Medical Center,
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Veterans Affairs Medical Center, 125 John Colleran, MD, The Heart & 1/1
4150 Clement St, Mail Stop 151 CRC, Vascular Institute of Florida, 6006
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Medical Center, 1653 W Congress 010, Tamil Nadu, India
Pkwy, Ste 1035 Jelke, Chicago, IL 202a  Dr Vijay Viswanathan/Diabetes 0/0
60612, USA Research Centre & Hospital For
112 J. Huger Richardson, MD/South 1/1 Diabetes, 4, West Mada Church

Carolina Heart Center, 2001 Laurel
St, Columbia, SC 29204, USA

Street, Royapuram, Chennai-600
013, Tamil Nadu, India




828.e3 laskey ef dl

DO NOT COPY American Heart Journal

November 2009

Appendix A (confinued) Appendix A (confinued)
Center No. of subjects Center No. of subjects
no. Investigator/affiliation enrolled”/given CM no. Investigator/ affiliation enrolled”/given CM
203 Dr Shreenivas Kumar/CARE Hospital, 46/46 205 Dr Pramod Jaiswal/Institute of 16/14
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* Assigned a subject study number.
+ Coordinating investigator, EurOﬁe and India.
1 Coordinating investigator, North America.
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