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iodkanoi, a new ratio 6 nonionic iodhtated con- 
trast agent with an osmoialii equal to serum, 
was compared with iohexoi in a randomized, 
doubleblind, parallel study. Two hundred pa 
tients undergoi~ elective diagnostic cardiac an- 
gio&aphy were randomized to iodiinoi (n = 
101) or iohexoi (n = 66). There were no differ- 
encesnotedbetweenthe2agentsinthemean 
changes in systolic or diastolic blood pressure 
or heart rate during or immediately after any an- 
giography. However, significantly more patients 
had a deuease in diastoitc blood pressure of 
~20 mm Hg during ieft coronary angiography 
with iodixanoi. The only significant differences in 
any ektrophysidogic parameter were slightly 
more PR prolongation durhrg left coronary an- 
giography with iodixanoi and more SMegment 
depression with iohexoi during -ry adog. 
raphy. Neither was clinically significant, inj~ 
tiouassociated discomfort occurred with both 
agents but more patients expetienced moderate 
to severe discomfort with iohexoi (52%) than 
with iodixanoi (17%) (p <O.oOl). Dniy 1 poten- 
tially serious adverse event, ventricular fibrtiia- 
tion wRh iohexoi, was considered related to con- 
trast, and there were no diinces noted 
between the agents. Overall, angubgraphic quai- 
ity was equal with ail angiograms bein% as- 
sessed as good or excellent in both groups (p = 
0.665). in this lowrisk population undergoing 
cardiac angio@aphy, iodixanoi is sate and effec- 
tive wtthout clinicaiiy important diirences from 
iohexoi. Additional studies in patients at hii 
risk for complications should help further define 
the role of iodixanol in cardiac angiography. 
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N onionic iodinated contrast agents have been 
widely adopted in the cardiac catheterization lab- 
oratory; the recent Society for Cardiac Angiog- 

raphy and Interventions registry report indicates that 
72% of diagnostic catheterizations and 77% of coronary 
angioplasties are performed using these agents.’ There 
have been numerous studies2-5 showing that nonionic 
low osmolar media produce less hemodynamic and elec- 
trophysiologic effects with intracoronary injection, which 
seems to translate into fewer adverse clinical events.6,7 
Recently, a newer nonionic agent, iodixanol, has been de- 
veloped and is formulated to have an osmolality equal to 
serum. This agent has been shown to be safe in noncar- 
disc applications8 and small studies8*9 have suggested 
that it is also safe for use in cardiac angiography. This 
study was undertaken to evaluate the hemodynamic and 
electrophysiologic effects of iodixanol and to compare 
them with a standard nonionic contrast agent, iohexol. 

ME7HODS 
This study was conducted at 4 sites: the University 

of Florida in Gainesville, the University of Michigan, 
New York Medical College Westchester County Medi- 
cal Center, and the Johns Hopkins Hospital. Patients un- 
dergoing elective diagnostic cardiac angiography in- 
cluding both coronary and left ventricular angiography 
were screened for inclusion. Exclusion criteria were de- 
signed to eliminate patients with severe left ventricular 
dysfunction, aortic stenosis, or unstable clinical syn- 
dromes. The study was approved by the respective in- 
stitutional review boards. 

Contrast agents: Iohexol is a nonionic monomeric 
contrast agent with a molecular weight of 821.14 and io- 
dine content of 46.36%. The concentration used for this 
study was the standard commercially available formula- 
tion (Omnipaque-350@) containing 350 mg/ml of iodine 
with an osmolality of 844 mOsm/kg of water. Iodixanol 
(VisipaqueTM) is a nonionic dimeric contrast agent with 
a molecular weight of 1550.20 and iodine content of 
49.1%. It is formulated to be isosmotic (290 mOsm/kg 
of water) with plasma by the addition of sodium and cal- 
cium chloride. The formulation used for this study con- 
tained 320 mg/ml of iodine. The chemical structures of 
both agents are illustrated in Figure 1. 

Catheterization procedure: This was a randomized, 
double-blind, parallel study. Assignment to receive ei- 
ther iodixanol or iohexol was performed according to a 
computer-generated randomization scheme specific for 
each site with catheterization laboratory personnel un- 
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aware of patients’ clinical data. Angiography was per- 
formed using standard methods, and specifics of prepa- 
ration and technique were left to the discretion of the in- 
vestigator. The only exceptions were that use of atropine 
as prophylaxis for bradyarrhythmias was not allowed 
and that a femoral arterial sheath with a sideport 1Fr size 
larger than the catheter was used. 

Measurements: Systemic blood pressure was mon- 
itored from the sideport of the femoral sheath. During 
coronary injections, systolic and diastolic blood pres- 
sure, heart rate, PR and QT intervals (milliseconds), and 
ST-segment and T-wave amplitude (millivolts) were 
measured. Immediately after left ventricular injection, 
left ventricular systolic and end-diastolic pressure were 
measured. During the first injection of any type (i.e., right 
coronary, left coronary, or left ventricular) all parameters 
were recorded immediately before, during, and contin- 
uously for the first 15 seconds, and again at 30,60, and 
120 seconds or until the parameter returned to baseline. 
With subsequent injections, these parameters were fol- 
lowed for 60 seconds or until the parameter returned to 
baseline. Any arrhythmias present after injection were 
also recorded, and QTc was calculated using a standard 
formula. After the procedure, blood pressure and heart 
rate were measured at 30 and 60 minutes and according 
to local protocol thereafter. Contrast volume with each 
injection and total contrast volume were recorded. Blood 
samples were collected at baseline, 1 hour, and 1 day af- 
ter the last contrast injection and analyzed for complete 
blood count and chemistries. Serum creatinine and urea 
nitrogen were also measured 2 and 3 days after angiog- 
raphy. 

Patients were followed for adverse events during and 
for 72 hours after the procedure. The actions required, 
intensity of the events, and outcome were tabulated. Se- 
rious adverse events included any experience that was 

fatal, life-threatening, or permanently disabling, or re- 
quired further hospitalization. Judgment was made by 
the investigator regarding the causality of the event and 
its relation to the contrast material. Subjects were asked 
to evaluate any discomfort during injections according 
to type (heat, coldness, etc.), location, duration, and in- 
tensity. 

Each injection was evaluated for the quality of visu- 
alization using cineangiograms by the blinded individ- 
ual investigators. An angiogram was considered nondi- 
agnostic if there was insufficient contrast enhancement 
to make a diagnosis. Angiograms considered diagnostic 
had sufficient contrast enhancement and were further di- 
vided into good and excellent based on qualitative ob- 
server estimation. 

Statistical analysis: Data from all sites were com- 
bined for analysis. Fisher’s exact test (Ztailed) was used 
for comparing contrast agent groups with respect to over- 
all quality of visualization, adverse events, injection-as- 
sociated discomfort, arrhythmias, and serum creatinine 
(classification being above the reference range, or change 
from baseline >40% of the span of the reference range). 
Hemodynamic parameters were analyzed by using the 
maximal absolute change from baseline to classify each 
patient as having an increase, decrease, or no change. 
Fisher’s exact test was then used to compute group dif- 
ferences. Electrophysiologic parameters were analyzed 
using repeated-measures analysis of variance based on 
ranks. Differences among centers were quantified using 
analysis of variance with contrast agent, and center and 
contrast by center interaction terms in the model. 

RESULTS 
Patient demographics: Two hundred patients were 

randomized: 101 to iodixanol(81 men) and 99 to iohexol 
(87 men). The mean age in the iodixanol group was 61 
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RQURE 1. Chemical structures of 
iohexol and iodixanol. 
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+ 10 years and in the iohexol group 59 k 11 years (p = 
0.291). All patients completed the study. There were no 
differences between the 2 groups with regard to indica- 
tion for catheterization. Suspicion of or definite coronary 
artery disease was the indication for study in 92% of pa- 
tients. Coronary artery disease was found in 84% and 
80% of patients with iodixanol and iohexol, respectively. 

Procedural variables: Procedure duration (39 + 14 
vs 40 5 18 minutes), contrast volume (103 + 46 ml vs 
103 f 37 ml), and average number of injections (9 f 2 
vs 9 f 3) were not different between the iodixanol and 
iohexol groups, respectively. In both groups, 97% of pa- 

tients underwent left ventriculography, and all patients 
except 1 in the iohexol group underwent coronary an- 
giography. 

Image quality: No patient in either group had a non- 
diagnostic study. Overall, in the iodixanol group, the 
quality of the angiograms was assessed as good in 41% 
and excellent in 59%. In the iohexol group the an- 
giograms were assessed as good in 39% and excellent 
in 61% (iodixanol vs iohexol, p = 0.885). 

Hemodynamlc effects: Mean changes in systolic 
and diastolic pressure and heart rate occurring with lirst 
right and left coronary injection are shown in Figures 2 
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FIQURE 2. Hemodynamk changes after right coronary arterlography. No significant dlfferences are noted between 
iohexol and iodlxanol. 
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TABLE I Percentage of Patients with Maximal Hemodynamic Changes by Injection Site 

lodixanol 
Increase Decrease 

Right coronary 
Systolic BP >20 mm Hg 10 42 
Diastolic BP >20 mm Hg 4 5 
Heart rate >15 beats/min 3 1 

Left coronary 
Systolic BP >20 mm Hg 4 62 
Diastolic BP z-20 mm Hg 3 13 
Heart rate >15 beatslmin 2 9 

Left ventricle 
Systolic BP r20 mm Hg 5 20 
Diastolic BP >4 mm Hg 41 21 
Heart rate ~15 beats/min 5 0 

All numbers are percentages of patients within each category. 
BP = blood pressure. 

lohexol 
Increase Decrease 

7 37 
4 3 
3 3 

11 49 
2 3 
4 2 

11 15 
56 17 
4 1 

p Value 

0.511 
0.922 
0.620 

0.070 
0.025 
0.082 

0.298 
0.102 
0.872 

TABLE II Electrocardiographic Changes During Coronary Injection 

Seconds 
Time After injection Baseline (ms) 15’ w 60 120 

Left coronary 
PR interval 

lodixanol 
lohexol 

QT interval 
lodixanol 
lohexol 

QTc interval 
lodixanol 
lohexol 

Right coronary 
PR interval 

lodixanol 
lohexol 

QT interval 
lodixanol 
lohexol 

QTc interval 
lodixanol 
lohexol 

183 k30 1 k6 1+7 Of7 2+7 
192 +38 -1 f7 -1 +7 Ok6 1 f8 

397 f 40 1 f5 0+6 
393 f 41 2f5 1+6 

419 *43 1+6 Of7 
422 f 39 2f6 1 f7 

185 f30 0.4 f 7 1 f8 1+9 Ok7 
190 *30 1 f8 2f7 2f6 3f7 

400 + 42 1 f7 or7 -1 f6 0+5 
394 f 41 1+5 Of6 Ok5 1 f7 

421 f42 1 f7 1 f8 -1+7 Ok6 
424 f 36 1+6 Ok6 0+5 1+7 

Of6 Ok6 
1 f5 1+5 

0+7 0+7 
1+6 1+6 

‘Maximal percent change from baseline. 
tAll measurements 215 seconds are percent change from baseline. 

and 3. Mean changes in systolic and end-diastolic pres- 
sures and heart rate occurring with left ventriculography 
are shown in Figure 4. 

Because of the variability in changes in blood pres- 
sure during injection into both coronaries and the left 
ventricle, large changes were evaluated. The number of 
patients with a >20 mm Hg change in systolic and di- 
astolic pressure during coronary angiography and >4 mm 
Hg change in end-diastolic pressure after ventricular in- 
jection are listed in Table I. Significantly more patients 
had a decrease in diastolic blood pressure of >20 mm 
Hg during left coronary angiography with iodixanol. 
There were no differences noted between the 2 agents 
during right coronary angiography or ventriculography. 

Ekctmphysidoglc effects Changes in the PR, QT, 
and QTc intervals were noted during left ventricular in- 
jection, but there was wide variability among patients 
with changes from baseline ranging from -38% to 37%. 
However, no significant differences were noted between 

the agents. Electrophysiologic changes occurring imme- 
diately after coronary injection are listed in Table II. 
There was a significant difference in the PR interval dur- 
ing left but not right coronary artery injection between 
iodixanol, which caused maximal prolongation of 
<1.5%, and iohexol during the time of monitoring. There 
was significantly more ST-segment depression in the io- 
hexol than in the iodixanol group with both left and right 
coronary angiography, but this was not found to be clin- 
ically relevant (p ~0.023). 

Many patients, 74% with iodixanol and 77% with io- 
hexol, had some sort of arrhythmia during catheteriza- 
tion (p = NS), both before and after contrast adminis- 
tration. There was 1 episode of nonsustained ventricular 
tachycardia not requiring treatment and 1 episode of ven- 
tricular fibrillation, both occurring with iohexol. 

Adverse events: There were no signitlcant differ- 
ences in adverse events when the 2 agents were com- 
pared, with 35% of patients in both groups experienc- 
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ing a generally mild adverse event. Only 5 (2 with iodix- After the procedure, there were variations in heart 
an01 and 3 with iohexol) were considered to be definitely rate and blood pressure that were considered to be of 
related to the contrast material. In all, there were only 4 clinical importance in 4% of the iodixanol group and 
serious events in 3 patients (3%) with iodixanol and 5 13% of the iohexol group (p = 0.024), but none were 
events in 5 patients (5%) with iohexol. Only 1 serious considered to be directly attributable to contrast. Anal- 
event, ventricular fibrillation with iohexol, was consid- ysis of laboratory data showed no significant trends that 
ered definitely related to contrast. Two others, pulmonary suggested toxicity from either agent. Specifically, 6 pa- 
edema and severe chest pain, both with iohexol, were tients with iodixanol and 7 with iohexol had increases 
considered of uncertain relation to contrast. None of the in serum creatinine, both >40% of the span of the ref- 
4 serious events occurring with iodixanol were consid- erence range and above the normal range. Only 2 pa- 
ered to be related to contrast. There were no deaths and tients had increases in serum creatinine of >0.5 mgidl3 
all patients recovered without sequelae. days after catheterization. These patients received io- 
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FIGURE 8. Hemodynamlc change8 after left coronary arteriography. No dgnifkant dlfferences are noted between 
lohaxol and iadixanol. 
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hex01 and had baseline creatinine levels of 1.3 and 1.9 
mg/dl, and maximal serum creatinine levels of 3.7 and 
2.6 mg/dl, respectively. 

I~ectkmassodated discomfort: fnjection-associ- 
ated discomfort was reported in 77% and 86% of pa- 
tients receiving iodixanol and iohexol, respectively (p = 
0.145). As would be expected, in the majority, this was 
a transient warm feeling, which lasted ~2 minutes. How- 
ever, more patients experienced moderate to severe dis- 
comfort with iohexol (52%) than with iodixanol (17%) 
(p <O.OOl). 

Because of differences in individual practices among 
centers, there were some minor intercenter differences 
found in patient demographics and other parameters that 
were consistent between the agents. 

DISCUSSION 
While additives and calcium-binding properties play 

a role in many of the hemodynamic and electrophysio- 
logic effects caused by contrast agents, high osmolality 
also has a significant effect on a variety of physiologic 
processes. Lower osmolality is achieved either by in- 
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creasing the number of iodine atoms per molecule of the 
contrast agent, as with the ionic dimeric agent ioxaglate, 
or by eliminating the need to ionize in solution, as with 
the conventional nonionic agents iopamidol, ioversol, or 
iohexol. In either case, these agents provide 3 iodine 
atoms per osmotically active particle in solution, thus 
making them ratio 3 agents with approximately half of 
the osmolality of ratio 1.5 agents. Iodixanol contains 6 
iodine atoms per particle and does not ionize in solution, 
thus making it a ratio 6 agent. With the addition of 
sodium and calcium the osmolality is equal to serum. 

In vitro experiments suggest that iodixanol is not sig- 
nificantly different from other nonionic agents as to 
changes in red cell morphology and aggregation induced 
by contact.lOJ Data from intact animal and other mod- 
els suggest favorable hemodynamic effects of iodixanol 
when compared with conventional nonionic agentsIzeI4 

Published clinical experience with iodixanol is lim- 
ited. Gavant and Siegle15 reported it to be safe and ef- 
fective for intravenous use for excretory urography. Sum- 
marized initial data from phase I and II trials in Europe 
using iodixanol for intraarterial and intravenous use also 
show a good safety profile.* Klow et al9 performed car- 
diac angiography with iodixanol in 14 stable patients, 
and then compared it with iohexol in 72 other patients 
and found good patient tolerance. They found no heart 
rate or hemodynamic changes during left ventricular an- 
giography but did not discuss these parameters after 
coronary injection. 

Nonionic contrast agents in general have been pre- 
viously shown to have much less severe hemodynamic 
and electrophysiologic effects than high osmolar agents 
when used for cardiac angiography. It is not clear 
whether this is solely due to the decrease in osmolality 
or whether there is less chemotoxicity with these agents. 
Iodixanol has a lower osmolality than available nonionic 
agents, but has sodium and calcium added to the for- 
mulation. Whether the addition of these electrolytes in 
a ratio similar to blood interacts with the reduction in 
osmolality in some way to alter the toxicity is not known. 
It would appear from the current study that further im- 
provement in clinically relevant effects of osmolality 
may not be measurable when compared with the im- 
provement achieved with conventional nonionic con- 

trast, at least in low-risk patients. Studies in patients at 
high risk for complications are necessary to help further 
define the role of iodixanol in cardiac angiography. 
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