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situation from the viewpoint of the person receiving the
contrast. Powe et al. did measure the costs to a health provider
of various nonfatal reactions to high-osmolar media [Powe
(1988)]. This study did not consider the costs or benefits
associated with the use of low-osmolar contrast. Thus it could
not yield an incremental cost-effectiveness ratio of any kind.

Hlatky et al. recently reported a randomized trial of high
versus low-osmolar contrast media for cardiac angiography
[Hlatky (1990)]. This study considered the cost and the
effectiveness of the two types of contrast. The viewpoint was
that of the health care provider. However, they did not report
a specific cost-effectiveness ratio and did not consider the
option of a policy of selective use of low-osmolar contrast in
high risk subjects. They did not consider any capital costs and
only allowed for operating costs in their analysis. They did not
consider any costs or effects that occurred more than 24 hours
after the contrast had‘been given. The sources of the costs, and
how these were measured, are not stated clearly in the paper.
They did draw appropriately tentative conclusions and were aware
of the problems regarding the generalizability of their results.
Thus it can be seen that none of the published cost-
effectiveness studies of contrast media have been
methodologically rigorous.

Appel et al. reported a study in which they attempted to
compare the incremental cost of 1low-osmolar contrast, for

radiological examinations in general, with the amount that
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[Gafni (1990), Gafni (1991)]. The major difficulty was related
to the relatively common minor adverse effects associated with
contrast media. These effects should therefore be the ones most
closely examined in any future empirical utility analysis. Goel
et al., in their reply to the criticisms of Gafni, do not deny
the problems associated with the use of QALY’s, which I have
discussed above. They do point out that any analysis that uses
HYE’s as the unit of outcome cannot be readily compared to
analyses of other programs which were reported in terms of
QALY’s [Goel (1990)].

Irrespective of the criticisms of the studies which I have
discussed above, the results of all of these analyses have
indicated that the decision to use low-osmolar contrast has
major cost implications. This is very important from the point
of view of health care providers and continues to be emphasized
in the literature. There is no agreement yet about the best way
to use the low-osmolar contrast without causing huge increases
in expenditure. The strategy of selective use of low-osmolar
contrast for patients at high risk of a contrast-related adverse
reaction may well be desirable from a cost-utility point of
view. There continues to be sufficient uncertainty about the
true cost-utility ratio associated with the use of low-osmolar
contrast to justify further research in this area.

8 c mic i ou :
We have decided to perform the economic analysis of our study

largely from the viewpoint of the health care system. This is
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due to the fact that there is considerable controversy within
the system as to whether nonionic contrast should be funded
ahead of other programs, given the existing climate of fiscal
restraint. Therefore our primary purpose is to provide data that
might be useful in deciding whether to fund the use of low-
osmolar contrast. It is necessary to perform a cost-utility or
a cost-benefit analysis to achieve this objective, as the
outcomes have to be expressed in a form that can be compared
across disparate programs. A cost-utility analysis is also
useful as both mortality and morbidity can be consequences of
contrast-related adverse events [Torrance (1986)].

The current study was designed to address the question of
whether a high risk subgroup could be identified. We aim to
analyse the potential costs and consequences of a policy of
selective use of low-osmolar contrast in such a high risk group
only. Therefore we will perform both cost-effectiveness and
cost-utility analyses of three competing program choices. The
first choice is the continued use of high-osmolar contrast for
all examinations of the type included in the current trial. The
second is the universal use of low-osmolar contrast for all such
examinations, while the third is the selective use of low-
osmolar contrast only in those felt to be at high risk of an
adverse reaction.

For economic analysis of the data from the trial itself only
randomized patients can be included. Some patients had been

excluded from the randomized trial because they were felt to be
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the cost-effectiveness ratios [Torrance (1986)]. The
denominators were the incremental numbers of adverse reactions
of various types which had occurred. Ratios were calculated
separately for the options of universal use of low-osmolar
contrast and selective use of low-osmolar in defined risk groups
only [Appendices A and B].

Data had not been collected regarding time spent by patients
in the catheterization laboratory as a result of reactions. This
made assignment of appropriate related costs difficult. Patients
had not been followed up after they left the radiology or
cardiology departments during the study. However the medical
records of all those who had significant adverse reactions to
contrast were examined to determine if any extra resources had
been used in their care after they left those departments. In
this way at least the hospital based resources consumed were
identified. Capital and operating costs were included in the
analysis, by using costs for inpatient care, which included
these elements, as provide« by the hospital administration. The
cost figures used were those that were borne by the health care
provider, as patients do n¢ : pay for health care at the point of
delivery in Canada. Indirect costs or benefits applying to the
patients as a result of the receipt of low-osmolar contrast were
not considered. This is reasonable as the viewpoint is that of
the health care system. Since all of the costs and consequences

accrued very quickly after the contrast was given, we did not
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have to allow for differential timing of the costs and benefits,
or employ discounting [Appendices A and B].

The cost-utility analysis will be performed in collaboration
with Dr. Allan Detsky in Toronto. The problem will be structured
as a decision tree, much as in the study by Goel [Goel (1989)].
The cost-utility of low-osmolar contrast in high risk and low
risk populations will be examined. Once again, sensitivity
analyses will be performed for factors 1likely to affect the
cost-utility of a policy of selective use of low-osmolar
contrast in patients at high risk. The direct costs used in this
analysis will be the same as those used for the cost-
effectiveness study and will thus reflect costs to the health
care system. There were no deaths and very few life threatenin
reactions during our study. The study was not designed t
analyse such outcomes in any case. Therefore we will have to us:
figures from the literature to allow for the possibility of the
occurrence of such adverse events.

We did not measure the VvN-M utilities associated with seve:
reactions directly. To do so would have required a pro
population of raters and would not have been worth the effort :
view of the very low frequency of §uch events and hence the:
limited impact on the final utility of any program chosen. T
estimates required for the frequency and utility of seve:
reactions or death will be handled in a manner an .ogous to th

used by Goel et al. [Goel (1989)].
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imagine that they were about to have contrast again and that
they were certain to have the same symptomatic reaction as they
had previously. They were asked if they would pay any amount,
out of their own pocket, to avoid the occurrence of the symptom.
Subjects who had difficulty with the question were advised that
they did not have to pay anything, if that was what they
preferred, but they were not given any other anchor points in
order not to limit the maximum possible value.

We also collected information about the income, education, and
demographic characteristics of the subjects. These factors,
together with the subjective severity of the symptom, were
examined to determine if they had any influence on the amount
that people were willing to pay. In fact they did not appear to
do so.

The amount that someone is willing to pay to avoid the
occurrence of a symptom is a measure of the net intrinsic
benefit of avoiding that symptom. This is not exactly the same
as the v ‘M utility that someone would attach to the health
state resulting from the existence of the symptom. The easiest
way to handle the willingness-to-pay data in the cost-utility
model is o consider it as an intangible benefit and to use it
to offset some of the marginal net cost associated with the use
of low-osmolar contrast [Torrance (19 )]. In this way the data
are considered in the numerator of t : cost-utility ratio.

Since we did not measure the util] ies associated with more

serious contrast-related adverse ev¢ ts (including reactions
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CHAPTER 9
ETHICAL CONSIDERATIONS
9.1. Ris efits:

Before any research on human subjects is initiated there has
to be a consideration of the risks and benefits of the proposed
research. The major responsibility for this rests with the
investigators, but research proposals are now generally subject
to review by a separate institutional ethics review board before
they are implemented. I have indicated that the investigators
felt that there was insufficient evidence to justify the routine
use of low-osmolar contrast prior to the commencement of the
current trial. Therefore they did not think that it was
unethical to withhold low-osmolar contrast from some subjects
and to randomly assign them high-osmolar contrast. Furthermore
high-osmolar contrast was in everyday use at the study
institution anyway. The existing literature did not provide any
evidence that low-osmolar contrast was more toxic than high-
osmolar contrast. If anything there was a prevailing opinion
that 1low-osmolar contrast should be more widely used in
radiology. Therefore it was not felt to be unethical to expose
subjects to the high-osmolar medium, or the low-osmolar medium
for that matter, given the then prevailing state of knowledge of
the relative toxicity of the two types of contrast.

Others did not hold the same views, however. Prior to the
start of the current study there had been inquests in Ontario

into the deaths of two young adults after receiving intravenous
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ABSTRACT

Background: A randomized trial was undertaken to compare the Inclidence, risk
factors and costs of adverse events after ionic high-osmolar and nonionic low-
osmolar radlocontrast medlia during cardiac angiography.

Methods: We compared the frequency of therapeutic intervention for adverse
reactions, and the frequency and severity of specified hemodynamic, systemic
and symptomatic side effects in two groups randomly assigned to ionic high-
osmolar (N=737) or nonionic (N=753) radiocontrast, and aiso in 366 patients
who could not be randomlized.

Results: The randomized groups were well matched at baseline. Therapeutic
intervention for adverse events was received by 213 of 737 (28.9 percent)
patients after high-osmolar contrast, but by only 69 of 753 (9.2 percent) after
nonionic contrast (95 percent confidence interval for +the difference 15.8-
23.6 percent). Hemodynamic deterioration and symptoms also occurred
substantially more often after high osmolar contrast, as did severe or
prolonged reactions (2.9 vs 0.8 percent, p = 0,035). Such severe reactions
were virtually confined to those with severe cardiac disease. Multivariate
analysis showed that severe coronary disease and unstable angina were
predictors of adverse reactions of clinical importance. |If all patients In our
randanized trial had been given nonionic contrast, the Incremental cost per
procedure would have been Can $100. This cost would be higher In the USA.
Conclusions: Nonlonic contrast is better tolerated than calcium binding lonlic
high-osmolar contrast during cardiac angiography. Should cost constraints
deter universal use of nonionic contrast, selective use 1In those with severe

cardiac disease could be considered.
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INTRODUCT ION

The high osmolallty of conventional contrast media may contribute to their
adverse side effects. New lodinated contrast media have |lower osmolallty and
some are nonionic. Low-osmolar agents cause less discomfort and may decrease
ob jective side effects during cardiac anglography (1), Hypotension, cardliac
arrhythmias, and pulmonary edema may be reduced in high risk patients such as
those with recent myocardial infarction, unstable anglina, hypotension, or
severe heart failure (2). Unfortunately few high quality randomized control led
trials camparing Intracardiac infusion of high-osmolar and low-osmolar media
have been undertaken. Furthermore the number of patients enrolied in these
studies has been small and some did not use clinically Important outcome
measures (3,4). Further +trials have been recommended to determine whether

nonionic media actually perform better +than high-osmolar media and, If so,

whether their benefits exist for all patients or only for high risk patients
(5).

The major problem with the new contrast media is their cost - 10-20 times
higher than conventional media in North America. Thus cost, as well as

ef fectiveness, need to be considered In any decision as to which media should
be used and for which patients (6). When all contrast requiring radiological
procedures were considered and optimistic assumptions about the safety of
nonionic media were made, It was found that the marginal cost of nonionic media
was very high (7), amounting to $186 more per cardiac catheterization in a
recent randamized trial (8).

Qur randomized, controlled, double blind, clinical +trial was undertaken
(a) to compare the incidence of clinically Important side effects following

intracardiac Injection of high-osmolar 1Ionic and low-osmolar nonlionic
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disease In those receiving either high-osmolar or nonionic contrast (one vessel
27.1 versus 4.2 percent, 2 vessel 35.7 versus 11.1 percent, 3 vessel 39.1
versus 17.9 percent, left main 38.2 versus 22 percent).

Multiple logistic regression was used to further assess the |inear
associatlions between many subject and investigation related characteristics and
the occurrence of an adverse event. The dependent variable used was the number
of patients with clinically important adverse events (see category of reactions
(2) in methods for definition). The type of contrast was one of the
independent variables in each model.

The independent variables found not to be associated with adverse events
of clinical Importance in these models Iincluded age, sex, a history of prior
reaction to contrast, allergy or asthma, the presence of renal impairment
(serun creatinine > 120 umol/I1), valvular heart disease, diabetes, the degree
of left ventricular dysfunction, or dose of contrast,

Severe Iliness was assocliated with an increase In the risk of a clinically
important adverse reaction (odds ratio 1.36, 95 percent confidence interval 1.1
to 1.7) but this association was no longer significant when the degree of
coronary disease was taken (into account. The best predictors of an adverse
reaction of clinical importance were the presence of severe coronary disease
(ieft main, three vessel or coronary artery bypass grafts present) (odds ratio
1.5, 95 percent confidence interval 1,2 to 1.8) and unstable angina (odds ratio
1.2, 95 percent confidence intervai 1.03 +to 1.5). The interaction of these
variables had littie extra association with the occurrence of an adverse
reaction,

Cost Conslderations

The length of hospital stay was the same in those randomly al located high-
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osmolar contrast as in those given nonionic contrast (median stay 5 days in
each case). The length of stay was significantly longer in those excluded fram
the randomized trial for medical reasons (median 11 days, p <0.0001 relative
t+o randomized groups).

The differences between the high-osmolar and nonionic groups 1In terms of
medical care for adverse events potentially related to contrast included: 20
days spent In coronary care rather than on a ward, 1 day on a ward rather than
as an outpatient, Iinsertion and maintenance of 2 pacemakers, and many different
medications. The cost of all these interventions was Can $6,742. Contrast for
the high-osmolar group cost Can $18,352 (including nonionic In those crossed-
over), while contrast for the same number of patients in the nonionic group
cost Can $98,700. Thus the Incremental cost of nonionic contrast was Can

$73,606, or Can $100 per patient undergoing the cardiac catheterization

procedure. Thirty-nine percent of patients in the randamized study had current

heart fallure, myocardial Infarction within previous 2 weeks, unstable angina,

previous coronary artery bypass grafting, known 3 vessel coronary disease or

advanced valvular disease. If only patients in this "high risk™ group were

given nonionic contrast the marginal cost would be $128 per "high risk™ patient

having cardiac catheterization. Data on the number of patients needed to treat

to prevent a reaction and the marginal cost per event prevented, if all

patients or only "high risk™ patients In the +trial were given nonionic

contrast, are reported Iin Table 5.
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DISCUSSION

There have been consistent requests for trials to provide better
information about the benefits of the expensive nonionic contrast media. To
date few large scale randomized trials have been reported (3) and many did not
comment on the clinical consequences of the adverse reactions reported
following contrast. To our knowledge our study is the largest randomized trial
yet reported comparing intracardiac high-osmolar and nonlonic contrast,

We observed a high frequency of adverse effects requiring therapeutic
Intervention after high-osmolar contrast. This event rate is higher than that
reported for a similar population given high~osmolar contrast by Hirshfeld et
al (5). This may be due to the fact that we included treatment of angina,
bradycardia and requests for unblinding as events. In fact many of the adverse
effects seen with contrast In our trial were relatively minor and short iived.
Nevertheless more clinically Important adverse events also occurred (see
category of reactions 2 1In methods). The 1iInclidence rates for serious
arrythmias and prolonged angina seen in our study are similar to those noted by
others (5,10). Severe prolonged reactions (see category of reactions 4) were
Infrequent but were also more |ikely to be seen with high-osmolar contrast.

The particular formulations of high-osmolar contrast used in our trial
contalned calclum chelating additives. These media have been associated with a
significantly greater Incidence of ventricular fibrillation than similar high-
osmolar media which do not chelate calclium (11,12),  Although use of a non-
calclium chelating formulation of high-osmolar contrast might have prevented
some of the episodes of ventricular fibrillation seen only after high-osmolar
contrast In our sjudy, there Is no evidence that +the non-calcium chelating

high-osmolar media can prevent other adverse reactions to contrast. Neither
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pay to achieve a given degree of Improvement 1In the health status of
individuals. Cost-effectiveness analyses alone cannot wusually be used to
compare disparate and competing health care programs. Decisions as to which
programs should be funded are often not influenced solely by even cost-benefit
consliderations (6,7).

Thus we conclude that nonionic contrast is better tolerated during cardiac
anglography than a calclum chelating formuiation of high-osmolar contrast, but
universal use of nonlonic contrast Is expensive. |t may be possible to select
those at highest risk of serious adverse side-effects on the basis of some
clinical variables. Therefore selective use of these agents may, at least, be
more econamically attractive. Should the price of nonionic media decrease,

thelr universal use would be more attractive In +the cardiac catheterization

laboratory.
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TABLE |: DESCRIPTION OF PATIENTS AT BASELINE
Randomlized

High-Osmolar Nonionic

N 4 N 4

Total 737 100 753 100
Male 520 70.6 514  68.3
Prlor reactor to contrast 33 4.5 21 2.8
Allergic 17 23.2 170  22.6
Asthmatic 50 6.8 46 6.1
Diabetic 115 15,6 115 15,3
Renal Impairment 9 12.2 80 10.6
Aged >50 years 516 70.0 522 69,3
Severe 1l1Iness 74 10 95 12,6
Anxious 300 40.7 313 41,6
Medical History
Myocardial Infarction 310 421 322 42.8
Heart fallure 100 13.6 108 14,3
Intermittent claudication 219 29,7 236 31.3
Hypertension 357 48.4 3N 49.3
Transient Ischemic attacks 41 5.6 42 5.6
Drugs:Nitrates 429 58.2 412 54,7

Calcium Channel Blockers 403 54,7 409 54.3

Antiplatelet Agents 358 48.6 349  46.3

Beta Biockers 294 39.9 270 35.9
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TABLE |: DESCRIPTION OF PATIENTS AT BASELINE (CONT'D)

Premedication given 681 92.4 701 93.1

Unstable Angina as indication 278 37,7 287  38.1

for catheterization

MEAN + SD MEAN t SD

Voiume of contrast (ml) 122 + 43 127 + 35
Age (years) 56 + 11 55 + 11
Pulse rate before procedure 68 + 25 69 + 13
Systolic blood pressure 139 + 25 138 + 26

before procedure (mmHg)
Diastolic blood pressure 71 + 13 70 + 14

before procedure (mmHg)
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TABLE 3: THE NUMBER OF CASES WITH SPECIFIED ADYERSE REACTIONS TO CONTRAST IN

THE RANDOMIZED TRIAL.

High-Osmolar Low-Osmolar P* 95¢ CI RR 95% ClI
Adverse Reactions N=737 ¢ N=753 § Di f ference® RR
lggigggcy_li Cases
who required thera-
peutic Intervention 213 28,9 69 9.2 <10-7 15.9-23.6 3.1 2.5-4 1
lcategory 2: Clinically
important adverse
events 124 16.8 25 3.4 <10°°C 10.5-16.5 5.1 3.3-7.7
Angina relieved by
2 nitroglycerine
tablets (GTN) 23 3.1 6.0 0.8 0.014 0.9-3.7 3.9 1.6-9.6
Angina requiring
more than 2 GTN 31 4.2 12 1.6 0.028 0.9-4.3 2,6 1.4-5.1

y:llnically important

hypotension 40 5.4 3 0.4 <10 ! 3.3-6.7 13.6 4,2-44
Treated bradycardia 63 8.5 6 0.8 <10 7 5.6-9.9 10.7 4.,7-25
2Treafed Tachyarrythmia 6 0.8 2 0.3 NS -0.1-1.3 3.1 0.6-15
lgaigggcy 33 Subjectively

severe symptoms,

excluding warmth 189 25.6 70 9.3 <10 12.6-20.1 2,8 2.,1-3,6
Category 4:
Prolonged/severe event 21 2.9 6 0.8 0.035 0.7-3.4 3.6 1.5-8.8

1

*The P values were adjusted for multiple comparisons by Bonferroni correction.

1 These adverse events are defined in the text.

2 Ventricular fibrillation in all cases after high-osmolar, 1 episode of

ventricular tachycardia and one of atrial fibrillation after nonlonic.
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TABLE 4: THE INCIDENCE OF SYMPTOMS SUBJECTIVELY RATED AS GREATER THAN OR EQUAL

TO 5 ON A 10 POINT SEVERITY SCALE IN THE RANDOMIZED TRIAL.

Warmth

Pain

Chest tightness
Nausea
Yamiting

Dyspnea

Hlgh-osmolar

N
527
79
75
79
13

17

4

71.5
10.7
10.2
10.7

1.8

2.3

Nonlonic
N f
443 58.8
34 4.5
32 4,2
26 3.5
11 1.5
12 1.6

P

<0,0001
<0.0001
<0.0001
<0,0001
NS

NS

Relative
Risk
1.2
2.4
2.4
3.1
1.2

1.4

95%
Cl RR
1.1-1.3
1.6-3.5
1.6-3.6
2.0-4.8
0.5-2.7

0.7-3.0
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ABSTRACT

Background: Nonionic low-osmolar radiocontrast may be better tolerated than

lonic high-osmolar radiocontrast following intravenous injection but its cost-
effectiveness has not been examined in a large randomized frial. Selective use
of expensive nonionic contrast has been advocated in groups perceived to be at
high risk of an adverse reaction, but the costs and consequences of various
strategies need to be examined.

Methods: We randomiy assigned 955 patients to receive high-osmolar and 1158
to receive low-osmolar intravenous contrast, all of whom had 1 or more of the
following perceived "risk factors" for adverse reactions to radiocontrast:
prior reaction to contrast, allergies, asthma, diabetes, cardiac or renal
disease, anxiety, severe illness or age greater than 50 years. Demographic and
clinical data were collected before contrast was given. The occurrence of any
adverse event, requirement for therapy and subjective symptoms was assessed in
a double blind fashion after contrast.

Results: in the randomized trial an adverse reaction requiring the attention
of a doctor occurred in 3.9 percent after high-osmoiar and 0.9 percent after
low-osmolar contrast (p < 0.000005)., Therapy was given to 1.4 percent and 0.5
percent respectively (p = 0.035). The difference was due to a reduction In
urticaria and other mild anaphylactold reactions. In those recelving high-

osmolar contrast the foilowing factors Increased the risk relative (RR) to

those aged over 50 alone: prior reaction (RR = 7.4), allergy (RR = 4.4),
cardiac disease (RR = 3,1), severe Illness (RR = 3), renal disease (RR = 2.4),
anxiety (RR = 2.2), diabetes (RR = 1.9) and asthma (RR = 1.4). 1in a

multivariate analysis oniy prior reactions and allergy were Independent risk

factors. The marginal cost of nonlonic contrast was Can $ 72.77 per patient in
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the randanized trial. |[If all patients In the randamized +trial were given
nonlonic contrast it would cost Can $2679 to prevent 1 reactlon. If oﬁly those
with prior reactions, allergy or asthma were given nonionic contrast It would
cost at most Can $1211 to prevent 1 reaction and at least 67 percent of

reactions would be prevented.

Conclusijons: The frequency of reactions requiring medical attention and
therapy, after intravenous use of high-osmolar contrast, in patients percelived
to be at high risk, is low. Nonionic contrast significantiy reduces this
Incidence, but at high cost. Selective use of nonionic contrast is a viable

strategy.

Key Words: contrast media, fonic, nonionic, toxicity, adverse effects,
intravenous, risk factors, cost-effectiveness, random allocation,

comparative study.
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INTRODUCT 10N

The high osmolarity  of conventional radiographic contrast medla may
contribute to their toxicity. This led to the development of nonionic and
dimeric-ionic contrast media which have lower osmolarity (1), These new
compounds have also been shown to have lesser effects on many physiological
processes and are thus said to be less chemotoxic (2). I+ was expected that
these advances would improve on the already good safety profile of conventional
high-osmolar radiocontrast media.

The low-osmolar agents have been available for use in North America since
1986 and in Europe for several years longer. These newer agents were quickly
shown to be superior in terms of minor adverse effects following intravenous
administration (3). Large scale prospective surveys have been published more
recently and suggest that more serious adverse events may also be less frequent
with |low-osmolar media (4,5). Such surveys are subject to several sources of
bias because of study design. Adverse events of "intermediate" severity (6)
have not been very well studied in randomized clinical trials (7). Such
evidence Is desirable to confirm or refute +the Impression derived from the
surveys. Death and the most severe adverse events are so Infrequent that it is
unllkely that a large enough randomlized trial will be conducted to study them.

The low-osmolar contrast medla are between ten and twenty times more
expenslive than high-osmolar medlia In North America. |f low- rather than high-
osmolar medla were used for all radlological procedures In the United States,
It has been estimated that the extra expenditure would amount to at least $1.1
billion per annum (8). Partly as a result of these econamic conslderations,
same have suggested selective wuse of +the low-osmolar medla In patients

perceived to be at high risk (9). Such a policy of selective use Is much more
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cost effective (10) but depends on accurate Informatlion as to what constltutes
a high-risk subject.

Thus we performed this randomized, double blind, clinical +rlal (a) to
compare the incldence of moderately severe adverse events following iIntravenas
InJection of high-osmolar ionic and low-osmolar nonionic contrast media in
patients perceived to be at high risk (b) to determine the relative risk for
such events assoclated with various ciinical characteristics and (c) to examine
the cost-effectiveness of low-osmolar nonionic contrast 1In a selected "high-
risk™ population.

METHODS

Inclusion and Exclusion Criteria: Subjects were considered for entry to the

randomized +trial if +they were having Intravenous contrast for computed
tomography (CT) of the head or body or intravenous pyelography at the Health
Sciences Centre, St. John's, This is a tertiary referral centre for the
province. Only those patients who had one or more "high risk" characteristics
were eiigible (6,11), These Included (a) prior mild adverse reaction to
radiocontrast (b) "al lergy" to drugs, foods or other substances (c) asthma (d)
cardlac disease (anglina, heart fallure, myocardial or valvular disease) (e)
diabetes mellltus (f) chronic renal fallure (g) age greater than 50 years (h)
severe Illness (bed-bound iIn hospital for medical reasons) and (1) excessive
anxlety as judged by the iInterviewing nurse.

Sub Jects were excluded from the trial in the absence of any of the above
characteristics and for three other reasons: (1) patient refusal, (2) non-
avallablllty of low-osmolar contrast in a form suitable for +the patient's
Investigation, (3) at the request of the radlologist because of a perception

that the patient would be at excessive risk 1f high-osmolar contrast were
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gl ven.

Sub jects and Contrast Me: a: In the three years prior to February 1991 three

thousand one hundred and sixty seven consecutive eligible patients were
ldentified during the research nurses working hours. This represented 49.5
percent of those having Intravenous contrast for simllar investigations over
the same time period. Of these 2113 (66.7 percent) were entered in the
randomized trial. 955 were randomly assigned to receive ionic high-osmolar
contrast and 1158 to recelve nonionic low-osmolar contrast. The contrast used
was that bought under ¢ tract by the hospital. Overall 163 patients were
glven lopamidol, 1329 iohexol, 12 ioxaglate, 613 meglumine lothalamate and 1050
sodium/meglumine diatrizoate In various concentrations. In the early months of
the study some patients, having CT of the body, for which no appropriate
Infusible formulation of nonlonic contrast was available locally, were
Inappropriately entered in the randomized triai. Such individuals (N = 220)
who had received high-osmolar contrast were subsequently identified and removed
fram the +trial. The corresponding assignments to nonlonic contrast had been
used for the next available patient, These subjects could not be reliably
identified after the error was discovered and remain in the randamized trial.
58 patients refused to enter the +trial, 612 were excluded because of non-
avallability of appropriate nonlonic contrast and 216 were excluded at the
request of the radiologist because of asthma, allergles and previous reactions
to contrast. A further 168 were not randamized for miscel laneous reasons. All
non-randomized patients were followed In the same fashion as the randomized
groups. The only patients who received steroid prophylaxls were 5 patients
with a history of prior serious reaction to contrast. All were nonrandomized

and given nonionic contr .+, None had any adverse events wlith the current
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examlnatlion.
Protocol: The research nurses brlefly Interviewed all patients to determine
eligibility, Informed consent was sought and a questionnaire containing
demographic data (age, sex), clinical history (prior reactions to contrast,
allergies, asthma, cardiac disease, renal Iimpairment, diabetes mellitus,
anxiety, other illnesses) and medication history was completed by the research
nurse. The nurse then approached the radiologist who made the final decision
as to whether ocontrast type could be assigned at random. A radiation
technologlist prepared the randomiy assigned contrast. The research nurse,
radiologist and patient remained blind to the type of contrast administered.

The nurse recorded the patient's pulse and blood pressure before and
immediately after the radiological procedure as well as recording any adverse
events which occurred after contrast and before the patient left the radiology
department. whether the radiologist was required to review a patient because
of an adverse event was also noted, including any therapy prescribed. Before
leaving the department the patient completed a questionnaire contalining Lichert
scales (graded 0 to 10) relating to the presence and severity of 9 symptoms:
pain, warmth, nausea, vomiting, sneezing, pruritus, dyspnea, chest pain and any
other symptom. The serum creatinine was measured on the day of the procedure
and If It exceeded 120 umol per |iter (1,36 mg per deci|lter) a repeat serum
creatinine was sought 2 days later. This data will be analysed In a separate
paper.

This research protocol was approved by the Human Investigation Committee
of Memorlal University of Newfoundland.
Outcomes:

1. The primary outcame was the occurrence of an adverse event after contrast
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which was sufficiently severe for the doctor to treat the patient.

2., Hemodynanic deterioration defined as a change In blood pressure from
baseline of greater than 20 mmHg systolic or 10 mmHg diastolic,

3. The occurrence of symptoms sub jectively rated as severe (greater than or
equal to 5 on a scale of 0 to 10) by the patient.

Analysis and Statistics:

Continuous variables are presented as medians and ranges or means and
standard deviations. All statistical tests had a significance level of 0.05
which was 1-tailed for outcomes. Incidence rates and relative risks are
presented with 95 percent confidence Iintervals. Categorical variables were
compared by the chi-squared or Fisher's exact test., Continuous variables were
compared by t-tests or Mann-Whitney-U tests depending on distribution.

A stepwise multiple logistic regression, using BMDP software (1988
version) was performed to assess the effect of various risk factors on the
primary outcome.

We used a 2 percent Incidence of reactions requiring therapy after high=-
osmolar contrast, as found by Lasser (12) to estimate sample size. We wlished
to be able to detect at least 50 percent reduction 1In risk with low-osmolar
contrast with a maximum 1-tailed Type | error rate of 5 percent and a Type 2
error rate of 20 percent. This suggested that we required 3543 subjects In
total. We had Iintended to combine the subjects In +this report with a
previously reported group having cardiac catheterization (13) and we stopped
patient accrual when the total predicted sample size was achleved.

RESULTS:
Baseline Comparison: The randomized groups were well matched apart from a

greater prevalence of previous cardiac disease In the group assigned to low-
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osmolar contrast (Table 1). The volume of high-osmolar contrast given was
higher, which Is partly due to the lower iodine content of the high- than the
iow-osmolar contrast (141 versus 300 mg per milliliter) used for infusion, and
partly to the regular use of larger vials of high- than low-osmolar contrast
(300 versus 100 milliliters) at our Institution.

Those excluded from the randomized trial by the radiologists, and given
iow-osmolar contrast, had the expected significantly higher proportion of
prior reactors, allergic and asthmatic patients (all p < 10'8 relative to the
randomized group) (Table 2). Eczema, rhinitis, and use of antihistamines or
bronchodl lators were all more canmon in these selected patients as well. This
group was significantly younger than the randomized groups (p < 0.0001).

Table 2 also shows the baseline characteristics of the patients who were
excluded largely because of non-availabllity of low-osmolar contrast, and who
received high-osmolar contrast. The only differences between these patients
and those who were randomized to high- osmolar contrast were a slightly lower
prevalence of prior reactors (1.1 versus 2.7 percent, p = 0.02) and a higher
prevalence of diabetics (15.6 versus 12 percent, p = 0.03), very i1l patients
(7 versus 3.5 percent, p = 0.001), anxious patients (43.9 versus 26.6 percent,
p < 10-8 ), and patients on diuretics and steroids in the non-randomized group.
Outcomes in the randamized patients: Therapy was glven for a contrast reaction
2.6 times more often In those assigned to high-osmolar contrast (Table 3).
Adverse events requiring attention by the radlologist were 4.5 times more
frequent In those randomly assigned to high-osmolar contrast, Table 3 also
shows that urticaria alone or other mild anaphylactold reactions accounted for
most of the difference between the groups. The remalnder of the reactions

were varled but consisted of severe vomiting Iin 5 (0.5 percent) cases gliven
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high- and none given low-osmolar contrast. There were no |ife-threatening
reactions. We did not show any difference In hemodynamic responses to
contrast, with a fall in blood pressure greater than 20/10 mmHg occurring In 97
of 955 (10.2 percent) of those recelving high-osmolar and In 104 of 1158 (9
percent, p = NS) receiving low-osmolar contrast. Angina was more frequent (0.5
percent versus 0.3 percent, p = NS) in those given Ilow-osmolar contrast but
thls may reflect the more severe cardlac history in those patients. Several
subjectively severe (greater than or equal to 5 on the 10 point scale) symptams
were signiflicantly more common in those given high-osmolar contrast (Table 3).

Qutcomes In the non-randomized patients: Despite being at apparently hlgher

risk, those excluded from the randomized +trlal and given low-osmolar contrast
had a lower frequency of reactions requiring the attention of a doctor than
those given high-osmolar contrast In the randomized trial (1.5 versus 3.9
percent, p = 0.05) (Table 4). Predictably, when all patients gliven low-
osmolar contrast are considered, those excluded from the randomlized trial had
more such reactions (1.5 versus 0.9 percent, p = NS),

The adverse event rates In those recelving high-osmolar contrast were the
same Irrespectlve of whether they were randomlzed, apart from a lower frequency
of subjectively severe warmth In those not randomiy assigned (Table 4).
Assessment of Risk Factors: We did not specifically study patients felt to be
at low risk of adverse events. Thus It Is not possible to define the relative
risk of our "high risk" categories directly. However the patients who were
aged more than 50 years and were without any other rlisk factor had the lowest
frequency of adverse events requiring a doctor's attentlon (1.6 percent of
those given high- and 0.3 percent of those glven low-osmolar contrast). These

patlents thus serve as a useful population agalnst which to assess other risk
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factors. Table 5 shows the results of a univarlate analysis of risk factors
within each contrast group.

To further assess the Independent effects of these and other potential
risk factors we performed a series of multiple logistic regression analyses.
In each case the dependent variable was a reaction requiring attention by a
doctor. All 3167 patients were included for one analysis and all those
recelving high-osmolar contrast were included 1In a separate analysis. The
results are shown In Table 6. As can be seen a history of previous adverse
reaction to contrast, a history of allergy and cardiac disease Increase the
risk of an adverse event. A high volume of contrast was also associated with a
small independent Increase In risk. None of +the other "risk factors™ which
made patients eligible for the randomized +rial had Independent predictive
power for adverse events requiring the attention of a doctor.

All of +those at Increased risk benefited from the use of low-~osmolar
contrast. The relative reduction in the Incidence of an adverse reaction
requiring the attention of a doctor, by use of low-osmolar contrast, ranged
from a two-fold reduction 1in +those with cardiac disease, to a 4.1 fold
reduction in those with a history of prior reaction, to an 8.9 fold reduction
In those with a history of allergy.

Cost Considerations: The high-osmolar contrast for the 955 patients In the
randomized trial would cost at least Can $8,197 at local prices In 1991, The
cost of the drugs used In +treating adverse reactlions was negligible. All
patients who had an adverse event requiring a doctor's attention remained In
the radiology department for between 10 minutes and 2 hours untll| they were
Judged stable. None of the patients required admisslion to hospital or a change

from a ward to an intensive care bed as a result of a reaction. None of the
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reactions required the attendance of an anaesthetist. 1 patient required
assessment in the emergency department after high~osmolar contrast and 5
patients were similarly assessed after I|ow-osmolar contrast, Thus the
marginal cost of treating adverse reactions related to high-osmolar contrast
was very small| and can be ignored for this analysis.

The cost of providing nonionic low-osmolar contrast to a group of 955
patients in the randomized trial was Can $77,699. Thus the marginal cost of
nonionic contrast for this group was Can $ 69,502 or Can $72.77 per patient on
average.

If all patients In the randomized trial were given nonionic contrast then
49.5 percent of those being given intravenous contrast in our X-ray department
would receive nonionic. This would Increase the cost of contrast In our
radiology department by 948 percent over use of only lonic media and it would
cost Can $2679 to prevent 1 reaction severe enough to require the attendance of
a doctor. Universal use of nonionic contrast would further substantially
Increase the cost of preventing 1 reaction,

if those aged over 50 years, but without other risk factors, were not
given nonionic contrast, and 1if this was given to ail others eligible for our
trial, then 38 percent of those getting Intravenaus contrast would receive
nonionic contrast. This would Increase contrast cost 1In our radiology
department by 244 percent over use of only lonlic contrast and it would cost Can
$1998 to prevent 1 reaction, while 86 percent of preventabie reactions would be
prevented. If only those with a history of prior reaction to contrast,
allergies or asthma were selected to receive nonionic contrast then 19 percent
of those being given Intravenaus contrast wouid receive nonionic contrast.

This would Increase the cost of contrast by 183 percent over use of only ionic



231

medla, and cost Can $1211 to prevent 1 reaction, while 67 percent of
preventable reactions would be prevented.

Because same prior reactors to contrast, allergic patients and asthmatics
were excluded from the randomized trial, the cost to prevent a reaction In thlis
type of patient is probably overestimated and the proportion of potentially
preventable reactions prevented 1Is probably underestimated. Since nonionlic
contrast [s nearly twice as expensive again relative to lonic contrast in the
United States the above costs could be doubled in that country.

DISCUSSION

Our results indicate that nonionic |low-osmolar agents are associated with
a significantly lower frequency of "moderate" or "intermediate"™ level adverse
reactions than ionic high-osmolar agents, when given Intravenousiy to a
selected "high risk" population. We have also confirmed the Impression of many
others that selected symptoms |ike warmth, nausea, and vomiting are ameliliorated
by iow-osmolar contrast. I+ shouid be noted that steroid or other prophylactic
therapy was not given to patients in our randomized trial. The exclusion of
some patients from the randomized trial did not prevent us from using these
patients to assess risk factors as we col lected the same data on all patients.

The adverse events which constituted our primary outcome were generally
not long-lasting or severe but were sufficlentiy worrisome for a doctor to
treat them. The decision to treat these reactions was taken before unblinding
in virtually all cases and therefore the difference In the number of treated
reactions Is llkely to be due to a difference in toxicity.

The frequency of reactions requiring a doctor's attention (1.6 percent) in
those who were over 50 years of age but had no other risk factor, and who were

given high-osmolar contrast, is comparable to the frequency of faliriy similar
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events In the |iterature. Such events occur In between 1.2 and 2 percent of
unselected cases In prospective surveys (12,14-18), Thus this category of
patients might be considered to be at average risk, at most, for these
"intermediate" level reactions.

A history of prior reaction to contrast media, or allergies did behave as
risk factors for "intermediate™ Ilevel adverse reactions to high-osmolar media
in our trial. This Is similar to the general experience and the relative risks
are comparable to those seen in the Japanese survey in relation to overall and
severe adverse events (5),. Our multivariate analysis showed that the
Independent effect of each of these risk factors may be a |ittle lower than the
usua! univarlate analyses might suggest. Despite accepted opinion (5) we were
unable to Identify asthma as a major risk factor for adverse reactions.
Exclusion of the most severe asthmatics from the randomized +trial cannot
explain this as asthma still falls to act as a major risk factor when these
excluded patients are also considered. However, In this study the presence or
absence of asthma was dependent only on the patient's own history and a greater
risk associated with true atopy may have been diluted. Anxiety and other
clinical conditions are, at best, weak risk factors for these "Intermediate"
reactions. The increase In risk associated with higher doses of high-osmolar
contrast supports the recent |iterature (5).

Nonionic contrast for Intravenous use has not been shown to reduce
mortallty (5). Severe or |ife-threatening reactions to contrast are very rare
and probably have the same risk factors as the less severe reactions occurring
during our trial (5,6). Even these "moderate™ reactions are Infrequent and do
cluster 1In high risk groups. Provision of nonionic contrast to our study

population (about half of the total population receiving Intravenocus contrast)



233

would be very expensive. Preventlion of what are really quite mild reactions to
lonic contrast will be prohibitive In many Institutions. Provision of nonlonic
contrast to those with a prior reaction to ionic contrast, an allergic history
or asthma is more cost-effective but still quite expensive. This is even more
so in the United States, where nonionic contrast costs more than in Canada.

If the cost differential did not exist, few would oppose universal use of
nonionic contrast. |In addition to reduced use of procedures requiring contrast
and a reduction In volume infused, the ideai solution to the current dilemma
would be a reduction in the cost of nonionic contrast. Every effort shouid be
made to encourage the pharmaceutical companies to do this. The use of steroid
prophylaxis might reduce the incidence of reactions to high-osmolar contrast by
as much as nonionic contrast does (12) but we did not examine that approach in
our trial. No direct camparison of the strategies of sterold prophyliaxis
versus use of nonionic contrast has been made and to do so would require a
large trial. Steroid prophylaxis is cheap and might be a reasonable
alternative to the use of nonionic contrast In many cases. In the interim we
feel that a policy of selective use of nonionic Intravenous contrast In
patients with a history of prior reaction to contrast, allergy or asthma can be

Justified.
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TABLE 131 BASELINE CHARACTERISTICS OF THE RANDOMIZED GROUPS

High-Osmolar Low=Osmolar

Total N = 855 g =100 N=1158 % =100
Male 487 51 566 48.9
Potentjal Risk Factors

Prior reaction to contrast 26 2.7 37 3.2
History of allergies 273 28.6 332 28.7
Asthma 53 5.5 79 6.8
History of cardiac disease 139 14,6 226 19.5
Renal impalrment 94 9.8 140 12.1
Diabetes 115 12.0 143 12.3
Age > 50 years 774 81.0 975 84.2
Age > 50 years only 274 28.7 307 26.5
Anxious 254 26,6 337 29.1
Very 111 33 3.5 32 2.8
Medical History
History of Heart Fallure 16 1.7 35 3,0
Hypertenslve 309 32.4 403 34.8
History of transient 46 4.8 59 5.1
cerebral Ischemia

Eczema 41 4,3 54 4,7

Rhinitis 37 3.9 44 3.8
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TABLE 1: BASELINE CHARACTERISTICS OF THE RANDOMIZED GROUPS (CONT'D)

High~Osmolar Low-Osmolar
N=955 £=100 N=1158 £=100
Drug History
Digoxin 39 4.1 58 5.0
Beta Blocker 70 7.3 100 8.6
Nitrate 32 3.4 61 5.3
Anti-histamine 15 1.6 18 1.6
Steroid 32 3.4 51 4.4
Bronchodi lator 39 4.1 65 5.6
Mean + SD Mean *+ SD
Age (years) 59.2 + 14,3 60.3 + 13,1
Heart Rate (beats/min) 78.3 + 11,9 78.1 + 12.5
Systolic blood pressure (mmHg) 135.9 + 21.3 137.0 + 22.4
Diastollc blood pressure (mmHg) 83.4 + 11,7 82.4 + 11.4
Median (Range) Median (Range)
Contrast Volume (mis) 100 (40-750) 50 (1-400)

Serum Creatinine (umol/I) 84 (27-1823) 85 (43-991)
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TABLE 231 BASELINE CHARACTERISTICS OF PATIENTS EXCLUDED FROM THE RANDOMIZED

TRIAL.
High-Osmolar Low—Osmolar
Total N =716 § =100 N=2338 ¢ =100
Male 349 48.7 145 42.9
Potentlal Risk Factors
Prior reaction to contrast 8 1.1 136 40.2
History of allergles 183 25.6 171 50.6
Asthma 37 5.2 105 31.1
History of cardliac disease 125 17.5 57 16.9
Renal Impalirment 87 12,2 39 11.5
Diabetes 112 15.6 37 10.9
Age > 50 years 625 87.3 185 54.7
Age > 50 years only 167 23.3 1" 3.3
Anxious 314 43,9 114 33.7
Very 111 50 7.0 18 5.3
Medical History
History of Heart Fallure 23 3.2 13 3.8
Hypertensive 217 30.3 96 28.4
History of translent 33 4,6 13 3.8
cerebral Ischemla
Eczema 23 3.2 36 10.7

Rhinitis 22 3.1 51 15.1
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TABLE 2: BASELINE CHARACTERISTICS OF PATIENTS EXCLUDED FROM THE RANDOM|ZED

TRIAL (CONT'D)
High-Osmolar
N=716 £=100
Drug History
Digoxin 41 5.7
Beta Blocker 45 6.3
Nitrate 30 4,2
Anti-histamine 19 2.7
Steroid 54 7.5
Bronchodi lator 36 5.0
Mean *+ SD
Age (years) 60.4 + 12,8
Heart Rate (beats/min) 78.9 + 11,6
Systolic blood pressure (mmHg) 134.4 + 21.4
Diastolic blood pressure (mmHg) 78.1 + 11 .1
Medlan (Range)
Contrast Volume (mls) 300 (26-650)
Serum Creatinine (umol/1) 86 (36-1375)

Low=Osmolar

N=338 £=100

9 2.8
23 6.8
11 3.3
13 4,0
32 9.8
88 26.0

Mean t+ SD
51.3 + 17,5
81.1 +13.4

131.4 + 21,7

83.3 +12,2

Median (Range)
100 (20-400)

84 (43-654)
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TABLE 3: DESCRIPTION OF ADYERSE REACTIONS TO CONTRAST IN THE RANDOMIZED TRIAL.
High-Osmolar Low=Osmolar

Reactions requiring therapy 13 (1.4%) 6 (0.5%)

Reactions requiring attention 37 (3.9%) 10 (0.9%)

of a doctor

Nature of reactions requiring attention by a doctor

Treated

N % N N
Urticaria alone 18 (1.9) 7 0
Other anaphylactoid 6 (0.6) 4 3
Angina 3 (0.3) 0 6
Other cardiovascular 2 (0.2) 1 0
Neurological 2 (0.2) 0 1
Severe vamiting 5 (0.5) 1 0
Other 1 (0.1) 0 0

Sub Jectively severe symptoms (> 5 on a scale 0 to 10)

Warmth 167 (17.5) 87
Nausea 69 (7.2) 25
Yomiting 21 (2.2) 8
Prurltus 29 (3.0) 6
Pain 13 (1.4) 12
Dyspnea 9 (0.9) 12

Chest Paln 6 (0.6) : 11

p
0.035
<0.000005

Treated

4 N

(0) 0

(0.3) 1

(0.5) 5

(0) 0

(0.1) 0

(0) 0

(0) 0

(7.5) <0.000001

(2.2) <0.000001

(0.7) 0.0015

(0.5) <0.000005

(1.0) NS

(1.00 NS

(0.9) NS
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TABLE 4: ADYERSE EVENTS ASSOCIATED WITH CONTRAST IN PATIENTS EXCLUDED FROM THE

RANDOMIZED TRIAL.

Adverse Event High-0Osmolar Low-0Osmol ar
Total N=716 4 N=338 £
Reaction requiring therapy 11 (1.5) 1 (0.3)
Reaction requiring attention 22 (3.1) 5 (1.5)
Urticaria 9 (1.3) 2 (0.6)
Angina 5 (0.7) 0 (0)

Sub jectively severe symptoms (> 5 on a scale 0 to 10)

Warmth 59 (8.2) 29 (8.6)
Nausea 37 (5.2) 10 (3.0)
Vomiting 16 (2,2) 2 (0.6)
Pruritus 11 (1.5) 4 (1.2)
Pain 8 (1.1) 4 (1.2)
Dyspnea 7 (1.0) 4 (1.2)

Chest Paln 8 (1.1 1 (0.3)
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TABLE 5: THE RISK, RELATIVE TO THOSE AGED OVER 50 YEARS AND WITHOUT OTHER RISK

FACTORS, ASSOCIATED WITH VARIOUS CHARACTERISTICS BY UNIVARIATE

ANALYSIS.
High~Osmolar Low-Osmol ar

Characteristic Relative Risk 95¢ ClI Relative Risk 95% Ci
Prior reaction to

contrast 7.4 2.3-24 9.2 1.1-78
History of "al lergy" 4,4 2,0-10 2.5 0.3-22
Cardiac disease 3.1 1.2-8 7.9 0.9-63
Severe lllness 3.0 0.9-10.1 6.4 0.4-100
Renal Impariment 2.4 0.9-6.8 3.5 0.3-39
Anxiety 2.2 0.9-5.2 3.5 0.4-30
Diabetes Mellitus 1.9 0.7-5.5 1.8 0.1-28

Asthma 1.4 0.3-6.6 1.7 0.1-27
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TABLE 6: FACTORS ASSOCIATED W!ITH ADYERSE REACTIONS TO CONTRAST BY MULTI-
VARIATE ANALYSIS.

All Patients
Risk Factor Odds Ratio 95¢ Confldence Interval
High/Low osmolar contrast 2.2 1.6-2.9

Prior reaction/No prior

reaction 1.8 1.2=-2.7
Al itergy/No al lergy 1.6 1.2-2.0
Cardiac disease/No

cardiac disease 1.4 1.1-1.9

P i - con
Prior reaction/No prior

reaction 1.8 1.0-3.1
Al lergy/No al lergy 1.8 1.4-2.3
High volume of contrast/

Low volume of contrast 1.3 1.0-1.7
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ABSTRACT

Background: Prescription of low-osmolar contrast to prevent

nephrotoxicity in subjects with pre-existing renal impairment is
costly and has not been clearly shown to be effective.

Methods: 366 subjects with a pre-contrast serum creatinine greater
than 120 umol/l having cardiac catheterization or intravenous
contrast had serum creatinine repeated 48 to 72 hours after
contrast. 249 of these were randomized to receive high or 1low-
osmolar contrast.

Results: In the randomized study the serum creatinine rose by at
least 25 percent after contrast in 8 of 117 (6.8 percent) given
high and in 5 of 132 (3.8 percent) given low-osmolar contrast (p
> 0.05, 1-tailed 95 percent confidence interval for the difference
3 to 7.8 percent). More severe renal failure (greater than 50
percent increase in serum creatinine) after contrast was uncommon
(3.4 percent with high and 1.5 percent with low-osmolar contrast).
A rise in serum creatinine after contrast was significantly
associated with the severity of the pre-contrast renal impairment
and the presence of diabgtes mellitus. Diabetics with a serum
creatinine greater than 200 umol/]l pre-contrast had the highest
risk of deterioration in renal function after contrast.
Conclusions:AClinically important nephrotoxicity is uncommon after
high-osmolar contrast and is not completely prevented by low-
osmolar contrast in subjects with renal impairmentg. Larger studies
will be required to define the precise role of low-osmolar contrast

for prevention of contrast nephropathy, particularly in diabetics



246

with renal impairment.

Key words: contrast media, adverse effects, high-osmolar ionic,
low-osmolar, kidney failure (acute), random allocation, comparative

study.
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INTRODUCTON

Contrast nephropathy may be defined as an acute toxic
nephropathy due to radiographic contrast media. There has been
considerable confusion in the literature about the incidence of the
condition (1). We have previously shown that it is not common with
normal pre-existing renal function, but that it is more fregquent
in patients with renal impairment, especially when due to diabetic
nephropathy (2,3).

There has been difficulty in establishing an animal model of
contrast nephropathy (4). This has hindered efforts to investigate
it's pathogenesis and has led some to gquestion the existence of the
condition (5). Nevertheless, contrast has been shown to have toxic
effects in rabbits whose kidneys have been subjected to other
stresses (6).

It was expected that nonionic low-osmolar contrast would be
less nephrotoxic than ionic high-osmolar media. Some (7-9), but
not all studies (10,11) of contrast-induced engzymuria and
proteinuria have suggested that low-osmolar media may be less
nephrotoxic. A randomized trial in humans, mostly with normal renal
function, did not find that low-osmolar media were less nephrotoxic
(12). In a noncomparative study, low-osmolar contrast was
associated with a 50 percent incidence of a 25 percent rise in
serum creatinine after cardiac catheterization in patients with
advanced diabetic nephropathy (13). A randomized trial in patients
with pre-existing renal impairment undergoing cardiac angiography

found a statistically significantly smaller rise 1in serum
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creatinine at 24 hours after nonionic contrast than after ionic
contrast (14). The authors of the study concluded that the nonionic
contrast was less nephrotoxic than the ionic, although there was
not a significant reduction in the incidence of <clinically
important episodes of nephrotoxicity and no benefit was seen in
insulin requiring diabetics (14).

Because low-osmolar contrast is 10-20 times more expensive
than high-osmolar contrast and because patients with impaired renal
function have an increased risk of contrast nephropathy, we
performed a randomized controlled clinical trial to examine the
relative nephrotoxicity of the two classes of contrast media in
patients with high serum creatinine levels.

METHODS
Research design and study population:

This study was one component of a large randomized trial
comparing ionic high-osmolar to nonionic low-osmolar contrast
(15,16). The trial was performed over the three years prior to
February 1991 at a university based tertiary referral centre.
Patients having cardiac catheterization, intravenous pyelography,
or CT scanning with contrast were eligible. All subjects entered
in the trial had their serum creatinine measured within 24 hours
prior to contrast administration and, if this exceeded 120 umol/l,
were included in the study of nephrotoxicity. The protocol included
repeated measurement of serum creatinine in all such subjects at
48 to 72 hours after contrast.

The subjects were stratified into those having cardiac
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angiography and those having intravenous contrast Dbefore
randomization. No attempt was made to stratify for other factors
related to nephrotoxicity.

Some subjects were excluded from the randomized trial (15,16).
No subject was excluded because of a perceived risk of
nephrotoxicity. To allow recognition of bias we followed all
subjects irrespective of randomization status. Table 1 shows the
number of subjects who were eligible for entry to this portion of
the study, along with the number of subjects who had a second
measurement of serum creatinine after contrast.

Many subjects were outpatients and were not seen by a
nephrologist prior to contrast. No routine prophylactic measures
against nephrotoxicity were employed before or after imaging.
Before randomization, details of demographic, clinical (including
any renal or cardiac disease and diabetes mellitus), and medication
history were recorded by the research nurse. Subjects who had a 50
percent or greater rise in serum creatinine were seen by a
nephrologist after imaging. The medical records of all subjects
with at least a 25 percent increase in serum creatinine were
reviewed by a nephrologist, blind to the contrast administered, to
determine whether contrast was likely to have caused the increase.
Outcomes:

Serum creatinine was measured by autoanalyser in several
differentllaboratories, as outpatient subjects attended their local
hospitals for follow-up. We defined a case of contrast nephropathy

as the unexplained occurrence of a 25 percent or greater increment



250

in serum creatinine at 48 hours after contrast. We also report more
severe degrees of deterioration in renal function. To facilitate
comparison with other studies (12,14), we report the number who had
a rise of at least 44 umol/]l in serum creatinine, and the mean
change in serum creatinine after each type of contrast.

Statistics and sample size:

Incidence rates, means and standard deviations, medians and
ranges are used as appropriate to describe the data. The frequency
of events in the groups receiving high- and low-osmolar contrast
was compared by Chi-squared tests or Fisher's exact tests for 2 by
2 tables. Means were compared by t-tests for unpaired data, while
medians were compared by Mann-Whitney-U tests. We used a 1 tailed
a of 0.05 to declare significance and we report one tailed 95
percent confidence intervals for differences between the randomized
groups. We used multiple logistic (BMDP LR program, 1988) and
multiple linear regression (SPSS-X, 1988) models to examine, and
adjust for, the effect of covariates on the outcomes. Crossovers
were handled by intention-to-treat analysis, but only one
randomized subject received bo! | types of contrast and had a
subsequent rise in serum creatinine.

Before the study we estimated that the incidence of a 25
percent rise in serum creatinine after high-osmolar contrast would
be 10 percent (2). To detect a 50 percent reduction in this
'incidence with low-osmolar contrast, with a 1 tailed a of 0.05 and
a B of 0,2, we required to rand 1ly assign 332 subjects to each

type of contrast. However, enrollment in this component of the
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study was stopped when the objectives of the two associated trials
were achieved (15,16). Although the size of the sample that could
be analysed was less than anticipated, and thus prone to type 1II
error, we felt that the data collected on these 366 subjects with
renal impairment should be reported now.

RESULTS

Baseline comparison:

Table 2 shows the baseline characteristics of the randomized
subjects who had a measurement of serum creatinine after contrast.
By chance more diabetics were given low-osmolar contrast, while
cardiac angiography was the investigation performed in a greater
proportion of those given high-osmolar contrast.

Table 3 shows the same profile of baseline characteristics for
the subjects who were not entered in the randomized trial, but who
did have a second determination of serum creatinine. In the early
part of our study infusable low-osmolar contrast was not available
for CT of the body (16). These patients were more likely to have
diseases associated with renal impairment. The profile of the
subjects who had low-osmolar contrast reflects the fact that a
majority had severe cardiac disease and had cardiac angiography.
Therefore it is not surprising that both groups had higher serum
creatinine levels than the corresponding randomized groups.

We examined the characteristics of those subjects who failed
to have a second serum creatinine determination. In the randomized
study these subjects differed from those having follow up in that

a greater proportion had intravenous contrast (76.2 percent), and
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were outpatients, while a lesser proportion (7.1 percent) had a
serum creatinine greater than 200 umol/l.

Outcome of the trial:

The difference between the two randomized groups, in terms of
any of the outcome events, failed to reach statistical significance
(Table 4). Although the incidence of minor changes in renal
function after contrast was greater in the subjects who were not
randomized, more severe acute renal failure was not significantly
more common in these subjects (Table 4).

Following review of the records, it was felt that contrast was
unlikely to have been responsible for the 25 percent rise in serum
creatinine after contrast in one subject randomized to high-
osmolar contrast, in two subjects nonrandomly receiving high-
osmolar contrast, and in one subject nonrandomly given low-osmolar
contrast. When these cases were excluded, the incidence of a 25
percent increment in creatinine was 6 percent (95 percent CI 2.4-
11.9) in those randomized to high-osmolar, and 3.8 percent (95
percent CI 1.2-8.6) in those randomized to low-osmolar contrast.
The corresponding figures for the non-randomized groups were 18.6
percent (95 percent CI 8.4-33.4) with high-osmolar and 9.5 percent
(95 percent CI 3.9—18.5).with low-osmolar contrast.

The mean change in serum creatinine by 48 to 72 hours after
contrast was 3.5 umol/]l in those randomized to high-osmolar and
-1.5 pumol/] in those randomized to low-osmolar contrast (95 percent
confidence interval [CI] for the difference -6.1 to 16.1). The

corresponding figures for the non-randomized groups were 17 pmol/1
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in the high-osmolar and 4 pmol/] in the low-osmolar group. Because
serum creatinine is not linearly related to glomerular filtration
rate, we also compared the response to the two types of contrast
after inverse and logarithmic transformation of the data. This
analysis also failed to reveal - any statistically significant
difference between the high- and low-osmolar media.

Multivariate analysis of the effect of contrast:

Given the lack of statistically significant benefit with low-
osmolar contrast, and the difference in the randomized groups at
baseline which might have contributed to this situation, we
analysed the randomized subjects by multiple linear regression
analysis. The change in serum creatinine after contrast served as
the dependant. The independent variables used were the type and
route of administration of contrast, presence of diabetes, and the
pre-contrast serum creatinine. The type of contrast did not not
significantly predict the change in serum creatinine in these
models.

Risk factors for contrast nephropathy:

In order to identify factors which might predispose to
contrast nephropathy and to examine the effect of low-osmolar
contrast 1in various risk groups we stratified the randomized
subjects into four groups: those with a pre-contrast serum
creatinine between 120 and 200 umol/l]l with and without diabetes,
and those with a pre-contrast serum creatinine greater than 200
pmol/1l with and without diabetes. The incidence of contrast

nephropathy, as defined by a 25 percent increment in serum
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creatinine after high- or low-osmolar contrast, in each of the

strata is shown in table 5. These results suggest that those with
more severe renal impairment, especially when due to diabetic
nephropathy, are at the highest risk of contrast nephropathy. There
is not a consistent trend to a lower incidence of contrast
nephropathy with low-osmolar contrast across the strata but the
lower incidence with low-osmolar contrast in the group with
advanced diabetic nephropathy is interesting given the results of
another recent trial (14).

When the data for all subjects, irrespective of randomization
or type of contrast prescribed, was stratified and analysed in the
same fashion as for the randomized patients the results suggested
even more strongly that the degree of renal impairment, especially
in diabetics, is predictive of the risk for contrast nephropathy.
The serum creatinine rose by more than 25 percent after contrast
in 16 of 266 (6 percent) with a serum creatinine less than 200
pmol/1 without diabetes, in 4 of 36 (11 percent) diabetics with a
serum creatinine less than 200 umol/l, in 8 of 48 (16.7 percent)
of those with a serum creatinine greater than 200 umol/l without
diabetes, and in 5 of 15 (33.3 percent) diabetics with a serum
creatinine greater than 200 umol/l.

In a series of multiple linear and logistic regression models
the only variables which were statistically significantly
associated with a rise in serum creatinine after contrast were thg
severity of the pre-existing renal impairment and the presence of

diabetes. In these models the type, volume, and route of
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administration of contrast did not add to the prediction of
contrast nephropathy.
DISCUSSION

This study shows that the 1level of renal impairment,
especially in diabetic patients is the most significant predictor
of contrast nephropathy and that the incidence of clinically severe
contrast nephropathy (greater than 50 percent rise in serum
creatinine) 1is low whether high- or 1low-osmolar contrast 1is
prescribed.

The randomized study failed to confirm a clinically important
role for low-osmolar contrast in prevention of contrast nephropathy
in subjects with renal impairment. This is compatible with the
results of an earlier study which largely examined subjects with
normal renal function (12). However, as the overall incidence of
contrast nephropathy was lower than we had predicted, this study
does not have sufficient power to exclude a 50 percent reduction
in the incidence of contrast nephropathy, as assessed by any
outcome, with low-osmolar contrast. Given the results, we would
have required a sample size of over 1300 subjects per group to
exclude such a benefit, using a rise of 25 percent in serum
creatinine to diagnose a case of contrast nephropathy (17). The
study did have a power of greater than 0.8 to detect a true
difference of at least 10 umol/l in the change in serum creatinine
after contrast between high- and low-osmolar media, gnd no such
difference was found. This is contrary to the findings of another

recent trial (14).
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We conclude that the incidence of <clinically important
contrast nephropathy is 1low after both high and low-osmolar
contrast media in subjects with moderate pre-existing renal
impairment. Larger studies will be required to define the precise
role of low-osmolar media for prevention of contrast nephropathy
in subjects with more severe impairment of renal function. Since
those with diabetic nephropathy seem to be at greatest risk (13),
it would make most sense to conduct any further trials in such

patients.
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Patients with pre-contrast serum crea’ nine greater than

120 pmol/l who underwent cardiac ang ography or had a

procedure requiring intravenous contra:

Randomized

Cardiac 1v Total
Eligible 153 222 375
Serum creatinine 123 126 249
repeated after (80%) (57%) (66%)

contrast

N« - ndomized
Cardiac v Total
57 105 162
50 67 117
(885 (64%) (72%)
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BLE 2. continued.

High-osmolar Low-os le
Median (range) Median r. je)
rum creatinine (pmol/1) 138 (120-685) 138 20-572)
rum urea (mmol/l) 9.8 (4-47) 9.9 . 7-44)

ntrast volume (mls) 120 (50-400) 100 - 0)
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TABLE 3. Baseline characteristics of the non-randomized groups with

post-contrast serum creatinine available.

High-osmolar Low-osmolar
Total: N=43 % N=74 %
Male 36 83.7 47 63.5
Diabetic 4 9.3 11 14.9
Creatinine > 200 umol/l 13 30.2 15 20.2
History of cardiac failure 8 18.6 25 33.8
Hypertensive 20 46.5 51 68.9
Bed bound in hospital 5 11.6 22 29.7
ACE inhibitor 3 7.0 12 16.2
Calcium channel blocker 5 11.6 32 43.2
Nonsteroidal 9 20.9 10 13.5
anti-inflammatory
Diuretic 13 30.2 29 39.2
Type of investigation:
Cardiac catheterization 1 2.3 49 66.2
Intravenous pyelogram 2 4.6 9 12.2
Computed tomography 40 93.1 16 21.6

Mean ¢t SD Mean t 8D
Age (years) 66.4 + 11.4 67.0 % 11.8
Systolic blood 136.0 t 20.1 142.0 & 29.5
pressure (mmHg) |
Diastolic blood 79.0 + 11.7 75.0 % 15.3

pressure (mmHg)



TABLE 3. continued.
High-osmolar

Median (ran 32)

Serum creatinine (pumol/1) 159 (120-50
Serum urea (mmol/1) 11.8 (6-32°
Contrast volume (mls) 300 (50- )

265

Low-osmolar
Median (range)
141 ( 20-654)
10.3 (5-66)

122.5 (45-400)
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TABLE 4. The incidence of outcome events in the trial before
removal of cases where contrast was not felt to be the

cause of the acute renal failure.

Randomized subijects:

High-osmolar Low-osmolar 95% CI For The
N = 117 % N = 132 % Reduction With

Low-osmolar (%)

Scr rise of = 25% 8 6.8 5 3.8 3.0 to 7.8
Scr rise of 2 50% 4 3.4 2 1.5 1.9 to 5.2
Scr rise of =2 44 umol/l 7 6.0 7 5.3 0.7 to 5.6
Dialysis required l 0.8 0 - 0.8 to 2.1

Non-randomized subijects:

High-osmolar Low-osmolar
N = 43 % N = 74 %
Scr rise of 2 25% 10 23.3 8 10.8
Scr rise of 2 50% 2 4.7 3 4.1
Scr rise of 2 44 pmol/l 7 16.3 8 10.8
Dialysis regquired 0 - 2 2.7
Scr = serum creatinine. Note that the 95 percent confidence

intervals for the differences between the randomized groups are one

tailed.
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TABLE 5. The incidence of a 25 percent rise in serum creatinine

with high- or low-osmolar contrast in the randomized

trial after stratification by serum creatinine and the

presence of diabetes mellitus.

Stratum

Nondiabetic with serum
creatinine < 200 umol/1
Diabetic with serum

creatinine < 200 umol/1
Nondiabetic with serum
creatinine > 200 umol/1
Diabetic with serum

creatinine > 200 umol/1

High-osmolar

N

3/91

0/18

1/13

3/4

%

3.3

75.0

Low-osmolar

N %
1/97 l1.0
2/17 11.8
1/11 9.1
1/7 14.3
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CONSENT TO PARTICIPATE IN BIOMED|CAL RESEARCH

TITLE: The side effects of non-ionic compared to ionic
contrast medium

INVEST IGATORS: Dr.'s Parfrey, P. McManamon, E. Stone

You are going to have an imaging procedure which requires injection of
contrast material 1Intfo your blood vessels. You are being asked to
particlpate in a research +trial of 2 different types of constrast
materlal. Participation 1in this study Is entirely voluntary. You may
decide not +to participate or may withdraw from the study at any time
without affecting your normal treatment.

Confidentiality of information concerning participants will be maintained
by the investigators. An investigator will be available during the study
all times should you have any problems or questions about the study.

1. Purpose of study: To determine whether the non-ionic contrast
medium is safer than the usually prescribed ionic contrast material.

2. Description of procedures and tests: You will be given either non-
lonic or lonlc contrast and neither you or your doctor will be
aware which one 1t Is. You will complete a short questionnaire
before and after your test. At the time a needle Is inserted to
glve the contrast, a blood test may be taken and this will be
repeated 2 days later, 1f the initial test shows abnormal kidney
function.

3. Duration of subjects participation: Ten minutes before and thirty
minutes Immediately after your imaging test, and 5 minutes 2 days
later.

4, Foreseeable risks, discomforts, or inconveniences: As the first
blood sample will be taken at the time a needle is Inserted to give
contrast, no extra discomforts should arise other than those usually
associated with having the imaging test. The new contrast medium is
ITkely to be at least as safe than the regulariy used medium. If
your Initial biood test shows abnormal kidney function than a
second blood sample will be taken 2 days after your Imaging test
and may leave a smaii brulse.

5. Benefits which the subject may receive: The new non-lonic contrast
may produce less discamfort than the regularly used lonlic contrast.

6. Alternative procedures or treatment for those not entering the
study: Your Imaging test wiil be undertaken using the regularly
used lonic contrast.

7. Any other relevant Information: As the newer medium Is 10-15 times
more expensive we want to be sure that It will be safer than the
regularly used lonic contrast.















