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lottery approach. In fact the latter approach can be used to 

measure the HYE value of a chronic health state, a particular 

lifetime health profile containing several different health 

states, and even the HYE values for many possible lifetime 

health profiles [Mehrez (1991)]. This approach has been proposed 

in relation to contrast media [Gafni (1990)]. Gafni states that 

the utility of a brief reaction to contrast can be rated using 

the standard gamble approach. Then the trade off of heal thy 

years to eliminate the reaction can be measured in a second 

standard gamble measurement. This yields the Heal thy-Years 

Equivalent of the life with the reaction directly and without 

any of the assumptions inherent in the use of the QALY measure. 

8.4. A review of some existing economic analyses of contrast 

media: 

There is a real dearth of complete economic analyses of the 

use of contrast media in the literature. Early considerations of 

the costs of contrast media were limited to estimates of the 

incremental cost of converting to the use of low-osmolar 

contrast media, generally for all patients. Sometimes this was 

combined with an estimate of the likely benefit of low-osmolar 

agents in reducing contrast related deaths; a benefit which has 

never actually been proven to exist. By this means estimates of 

the marginal cost-effectiveness of low-osmolar contrast, in 

terms of lives saved, were made [Jacobson (1988)]. These studies 

did not attempt to estimate the costs associated with nonfatal 

contrast reactions. Similarly, they did not attempt to view the 
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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 

radiological 

incremental cost of low-osmolar contrast, for 

examinations in general, with the amount that 
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people would pay to achieve specified reductions in the risk of 

contrast-related adverse effects [Appel {1990)]. This was done 

by selecting a group of outpatients, who were not going to have, 

and had not had an examination with contrast in the recent past. 

These raters were asked to state their willingness-to-pay 

specified amounts to be given low rather than high-osmolar 

contrast, while (a) imagining that they were about to be given 

contrast media and (b) while assuming that the low-osmolar media 

were less likely to cause specified adverse events. The low­

osmolar media were stated to provide a specified reduction in 

risk of· various minor and major adverse reactions. The raters 

considered how much they would pay to reduce the risk of each 

specific adverse reaction alone. They also stated how much they 

would pay to reduce the risk of all minor side-effects combined, 

and further, stated how much they would pay to reduce the risk 

of all major and minor side-effects simultaneously. 

This study has several limitations. Firstly it does not 

address the question of the cost-utility of the two types of 

contrast media directly~ Only one aspect of the cost of treating 

such patients with low or high-osmolar contrast is considered. 

The assumptions made with regard to the relative toxicity of the 

two types of media are based on the flawed studies which I have 

reviewed in Chapter 2. No attempt was made to allow for the 

uncertainty of those estimates by presenting the raters with 

more than one set of estimates of risk reduction. The health 

states which they described to the raters were contrived such 
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that none of the adverse reactions were assumed to lead to 

permanent, or even long term disability. Therefore the time 

horizon selected for this study was very short. This is not 

necessarily an accurate reflection of reality. The willingness-

to-pay values derived from this study are probably not the same 

as those that would be derived from people who had recently 

experienced a contrast reaction. Such individuals would probably 

be in a better position to judge the utility of the health state 

related to any given type of contrast reaction. A further 

problem with the study is that the authors suggested possible 

responses to the willingness-to-pay questions to the raters. 

This is very likely to have had an anchoring effect and to have 

played a major role in determining the actual responses observed 

[Froberg {1989a)]. The authors recognized this limitation, but 

they state that they were obliged to use this approach because 

a pilot study had shown that raters had difficulty in providing 

answers to open ended questions about willingness-to-pay. This 
• 

leads to a concern about the adequacy of the method used to 

determine the utilities. Furthermore the interviewer in this 

study perceived that 36% of the raters appeared to have 

difficulty understanding the concept of risks. If this is true 

it is not clear how the observed responses were obtained and 

whether these were true reflections of the incremental "utility" 

of the two kinds of contrast media. It would have been easier to 

measure the absolute utility of each of the states separately, 

and then to have used the published event rates associated with 
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each type of contrast, to derive an index of the utility of the 

two types of contrast. However, this approach would not capture 

the attitude to risk of the raters in making a decision as to 

which type of contrast to employ. 

The most complete economic analysis of the use of contrast 

media was reported by Goel et al. (Goel (1989)]. These authors 

performed a cost-utility analysis of the use of low and high­

osmolar contrast media. They did consider the alternative of 

using the low-osmolar contrast selectively in a high risk 

subgroup. The problem was structured as a decision tree and the 

final utilities associated with each decision option were 

expressed as QALY's. The major limitation of this analysis is 

the fact that it is based on assumptions regarding the relative 

toxicity of the two types of contrast media, and also about the 

quality of life associated with the health states which result 

from the occurrence of various contrast-related adverse 

reactions. No attempt was made to measure the vN-M utilities of 

these states. Reactions to contrast media are generally of very 

short duration in relation to the time horizon chosen in 

economic analysis (30 years in the study of Goel et al.). This 

means that even if they are associated with a major reduction in 

quality of life that they will not reduce by much the total 

number of QALY' s for a person having such a reaction. Gafni 

pointed this out in commentaries on the Goel study and suggested 

that HYE's would be a better way of expressing the outcome of a 

future empirically based cost-utility study of contrast media 
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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 th~ 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. 

8.5. Economic analysis of our own study; 

We have decided to perform the economic analysis of our study 
I 

largely from the viewpoint of the health care system. This is 



149 

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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at high risk of a reaction to high-osmolar contrast, but the 

doctors entering patients in the randomized trial did not only 

exclude individuals whom they felt were at increased risk of a 

reaction to high-osmolar contrast. The decision as to which 

patients were part of a high risk group was made after the study 

for patients in the cardiac catheterization arm. The records of 

all patients were reviewed, blind to whether they had suffered 

an adverse event. Those patients who had specified risk factors 

that could have been identified before contrast administration 

were placed in the high risk group. Since the assignment of high 

risk status was retrospective and the predictive ability of the 

risk factors has not been validated in a second independent 

testing set of patients, a policy of selective use might be more 

or less economically efficient than indicated by the results of 

the current analysis [Appendix A]. To allow for that we will 

perform sensi ti vi ty analyses of the proportion of patients 

included in the high risk group along with the likely incidence 

rates of adverse reactions in each high and low risk group 

combination during further cost-utility analyses. The actual 

costs and consequences of a policy of selective use of low­

osmolar contrast will have to be measured in a further study. 

High risk patients will be selected in advance using specified 

criteria for receipt of low-osmolar contrast. 

For the cost-effectiveness analysis of the current trial the 

incremental health care cost associated with the use of low­

osmolar contrast was estimated. This served as the numerator for 
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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 1 by using costs for inpatient care 1 which included 

these elements, as provided by the hospital administration. The 

cost figures used were those that were borne by the health care 

provider, as patients do not 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, sensi ti vi ty 

analyses will be performed for factors likely 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 threatening 

reactions during our study. The study was not designed to 

analyse such outcomes in any case. Therefore we will have to use 

figures from the literature to allow for the possibility of the 

occurrence of such adverse events. 

We did' not measure the vN-M utilities associated with severe 

reactions directly. To do so would have required a proxy 

population of raters and would not have been worth the effort in 

view of the very low frequency of such events and hence their 

limited impact on the final utility of any program chosen. The 

estimates required for the frequency and utility of severe 

reactions or death will be handled in a manner analogous to that 

used by Goel et al. [Goel (1989)]. 
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As has previously been noted it is desirable to empirically 

measure the quality-of -1 if e consequences of minor contrast 

reactions. This is because these reactions are relatively common 

and low-osmolar contrast is effective in reducing their 

incidence. Therefore they could have a considerable influence on 

the results of any cost-utility analysis. 

We felt that those who had experienced the reactions were in 

the best position to judge their quality-of-life implications. 

It would have been best to perform the utility measurement of 

these reactions soon after they had occurred using the standard 

gamble method. Unfortunately we did not have the organization in 

place, or the resources available, to perform that measurement 

at such a time. 

We performed telephone interviews with patients in the cardiac 

stratum who had had minor symptomatic reactions which did not 

necessarily require therapy. These were defined as the 

occurrence of symptoms graded as greater than or equal to 5 on 

the 10 point subjective severity scale (see Figure 3 above) • The 

interviews were performed up to eight months after the cardiac 

catheterization had been performed. The results of these 

interviews are suspect because some patients may have forgotten 

some details of the event being rated. It will be necessary to 

make utility measurements in relation to adverse events by 

interviewing a separate cohort of patients soon after similar 

events have occurred. 
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In our initial telephone interviews we identified 384 subjects 

who had a minor symptomatic adverse reaction to cardiac 

angiography during the last 8 months of the study. We chose this 

time period to maximize the chance that the subjects would 

remember the symptoms and to ensure that we would have a 

sufficient number of raters to give reasonably reliable 

estimates of the quality-of-life implications of the symptoms. 

We arranged for each subject's cardiologist to send them a form 

letter informing them that we would call and of the reason for 

the call. One cardiologist, who had participated in the trial, 

decided not to collaborate in this part of the study. This led 

to the exclusion of about 10% of otherwise eligible subjects. A 

further number were unavailable for inclusion in this portion of 

the study because they had died or were otherwise uncontactable. 

These factors further limit the usefulness of the data because 

they reduce its' representativeness. 

24 patients were contacted in an initial pilot study and were 

thus not used in the final analysis. Overall we were able to 

make contact with 229 of the original 384 subjects identified. 

Of these, 36 were either unable to remember the symptomatic 

adverse reaction or were unable to comprehend the nature of the 

questions asked. Therefore we had responses from 193 patients 

available for analysis. 

Each subject was asked whether they remembered the adverse 

reaction, and if so, they were reminded of how they had rated 

its severity at the time of the trial. They were then asked to 
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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 vN-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 to 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 (1986)]. In this way the data 

are considered in the numerator of the cost-utility ratio. 

Since we did not measure the utilities associated wit~ more 

serious contrast-related adverse events (including reactions 
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requiring therapy in the cardiac catheterization stratum), we 

will have to make assumptions about the utility values 

associated with these states. This is probably reasonable in the 

case of the most serious reactions, as these are so infrequent 

that they will not influence the overall utility associated with 

any decision tree branch to a major extent. It will be necessary 

to measure the utility values for the states resulting from 

"intermediate" level reactions, as these may have more effect in 

the model. This may be done during a proposed study of the 

selective use of low-osmolar contrast. In the meantime we can 

still construct a cost-utility model by making assumptions about 

the utility of the 11 intermediate" level adverse events which are 

biased against high-osmolar contrast. If such a model still 

shows that selective use of low-osmolar contrast has a lower 

cost-utility ratio than universal use of low-osmolar, then we 

will still have an economic argument justifying the further 

study of that approach. 

The final outcomes of the decision tree branches will be 

expressed in terms of QALY's initially, in order to facilitate 

comparison with similar data on other programs. The results 

could also be expressed in terms of HYE's, but only if further 

assumptions are made, which seems to negate some of the benefits 

of that approach. 
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ETHICAL CONSIDERATIONS 

9.1. Risks and benefits; 
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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 prfor to the commence ment of the 

current trial. Therefore they did not think that it was 

unethical to withhold low-osmolar contrast f r om 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 low-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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contrast. The juries in those cases had recommended that there 

should be a substantial increase in government funding to allow 

the replacement of high-osmolar by low-osmolar contrast 

[Grainger (1987)]. This led to the virtual total replacement of 

high by low-osmolar media in that province. In Alberta the 

College of Physicians and Surgeons had reviewed the ethics and 

legalities of using low-osmolar media and concluded that only 

low-osmolar contrast should be used in that province [Parfrey 

(1988)]. These decisions had led to some problems because the 

high cost of the new media, combined with the lack of resources 

to pay for them, had required that expenditure on other forms of 

health care be curtailed [Linton (1990)]. The investigators 

interpreted this to mean that there was an even greater need for 

the study discussed herein to determine whether such policies 

could be justified by facts. 

Such controversies led to an extensive debate over the ethical 

and legal implications of the research proposal for the trial. 

The local ethical review board did not object to the nature of 

the study and eventually the funding agency also agreed that the 

study met with acceptable ethical and legal standards. The 

opinion which was received from the Canadian Medical Protective 

Association assumed that the low-osmolar media were less likely 

to cause death and severe reactions [F. Norman Brown, M.D. 

Personal communication]. There is still no evidence to prove 

that the new media can prevent death and the evidence that they 
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may reduce the incidence of severe side-effects following 

intravenous use is mainly derived from surveys. 

The study consent form did not state that the low-osmolar 

media were known to be less likely to cause death or severe 

reactions, as there was no evidence to say that this was so at 

the start of the study [Appendix D] . Neither was the study 

stopped on learning the results of the RACR and the Japanese 

surveys, as these studies did not provide the level of evidence 

that would demand such an action [Palmer ( 1988) , Katayama 

(1990)]. Individual doctors differed in their interpretation of 

the available evidence. This was accommodated by providing the 

radiologists and cardiologists who took part in the study with 

the opportunity to use their best judgement as to whether a 

patient should be randomized or not. As I have stated in an 

earlier chapter, they did in fact exclude people, whom they felt 

to be at excessive risk of an adverse reaction to high-osmolar 

contrast, and treated them with low-osmolar contrast. This 

approach left the study entry criteria flexible enough that 

emerging evidence of the greater safety of low-osmolar media 

would prevent inappropriate inclusion of subjects in the study. 

Apart from bearing the risk of a reaction to contrast (most of 

which would have existed anyway), the subjects in this study 

were also asked to provide some personal and medical information 

about themselves. This information was not of a sensitive nature 

and it's disclosure did not really constitute much of a material 

risk. The only other imposition was the requirement to have a 
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measurement of serum creatinine performed. The blood for this 

test was almost always taken at the time of insertion of the 

needle for injection of contrast and thus did not involve any 

increase in discomfort. Those with elevated serum creatinine 

were asked to have a second blood test done two days later, but 

this would have been done in some cases anyway and was not 

considered to be unreasonable from an ethical point of view. 

The benefits arising from participation in the study included 

the receipt of low-osmolar contrast, which had been shown to 

reduce discomfort (see Chapter 2), by many subjects who would 

not otherwise have received these agents at our institution 

during the period of the study. The only other benefit to 

participants in the trial was the indirect one of knowing that 

one's participation might provide information leading to better 

health care in the future. 

9.2. Stopping the trial; 

The decision to stop a trial is influenced by many factors 

both internal and external to the trial itself. A trial is 

designed to answer a question and, to be ethically sound, should 

appear to be able to answer that question without exposing 

participants to excessive risk. Statistical considerations play 

a role in deciding how large a study has to be so that it is 

likely to detect a positive answer to the question posed. Such 

calculations are done before the study starts, but they rest on 

assumed ~vent rates in at least one of the randomized groups. 

The ultimate intent is to have a study which is large enough to 
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exclude a benefit from the experimental treatment if one does 

not exist, and to be likely to detect such a benefit if it does 

exist. There is also a concern to determine the answer in as 

short a time as possible, so that others may benefit from the 

information. Finally, there is the concern that a minimum number 

of subjects should be enroled, and thus exposed to at least 

inconvenience, to achieve the research goal. 

The ideal way to achieve those competing objectives would be 

to keep constant watch on the results of the study as it 

progresses. This would allow the study to be stopped as soon as 

it provided an answer to the question posed. The problem with 

this approach is that it introduces the "multiple peeks bias". 

This means that it hugely increases the chances of making a type 

I error and declaring a difference between treatments 

"significant" when in fact it is not. This situation is not 

desirable, as there is then the real possibility that patients 

subsequently will be exposed to useless or even harmful therapy. 

To overcome these problems investigators have developed 

"stopping rules". These are prespecified guidelines as to when 

a trial should be stopped because a specific difference between 

treatments has been observed with a specified statistical 

significance level. Such rules need to applied by persons 

external to the trial itself to avoid all of the potential 

effects of the multiple peeks bias. This is generally done by 

' having the results reviewed by a policy and data monitoring 

board. The board will generally include people knowledgeable in 
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the area of trial design and analysis, as well as persons expert 

in the field of the research question. These boards make 

decisions about the need to continue a study using the 

prespecified stopping rules, together with considerations of 

whether the research question has been answered by other 

investigations, whether the treatments under study appear to be 

as safe as expected, and whether the current study is enroling 

patients in the manner predicted. These topics have recently 

been nicely discussed [Browner (1991)]. 

Monitoring the accumulating data in a trial can be done by 

performing analyses at specified intervals or by examining the 

data continuously in a form of sequential analysis [Armitage 

(1975)]. The sequential analysis carries a high risk of making 

a type I error. To protect against that a very conservative 

significance level is used. This then reduces the power of the 

study. The most practical solution is probably to perform a 

limited number of analyses after specified numbers of subjects 

have been entered in the trial. The significance level for each 

of the analyses can be selected so as to maintain the type I 

error rate at a specified level at the projected end of the 

trial. 

The organization of the trial under discussion here was not 

ideal in that a policy and data monitoring board was not set up. 

Repeated analyses of the accumulating data were not performed in 

order to prevent type I error. However, this delayed recognition 

that the low-osmolar media were substantially less likely to 
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cause an adverse hemodynamic event in those having cardiac 

angiography. An analysis of the overall event rate in the 

cardiac stratum was performed, when it was realized that the 

event rates were high. The result of this analysis was reviewed 

by an external advisor and, following the subsequent complete 

analysis of the data by contrast type, the decision was made to 

stop enrolment in the cardiac stratum. Enrolment in the 

intravenous stratum continued until the prespecified overall 

sample size was achieved. The trial was stopped at that point 

and the data were analysed. The results indicated that low­

osmolar contrast was beneficial in reducing the incidence of 

adverse reactions requiring therapy, but the reactions which had 

occurred were not life threatening and the difference between 

high and low-osmolar contrast only just reached statistical 

significance [Appendix B]. Therefore an external data monitoring 

board might not have stopped this arm of the study before the 

point at which it was stopped anyway. 

In summary the trial organization was not ideal in that formal 

processes for review of accumulating -data were not established. 

However, the investigators did keep a close watch on the trial 

generally and were aware of the nature of the events which were 

occurring in the trial. As a result, analyses were performed in 

a timely fashion, and it does not appear that subjects were 

exposed to undue risk of harm. External factors were able to 

influence the trial as the radiologists/cardiologists were able 

to take account of the emerging evidence of the superiority of 
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low-osmolar contrast in the literature when deciding which 

patients to enter in the trial. 
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SUMMARY AND CONCLUSIONS 
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This thesis has reviewed the design, performance and analysis 

of a trial comparing the toxicity of high and low-osmolar 

contrast media. The trial suffered from several flaws which 

mainly arose during it's design and the early phases of patient 

enrolment. ' 

A thorough review of the literature should always be performed 

to determine what is already known about the subject for a 

research proposal. The review performed prior to this study 

should have been more comprehensive and careful in regard to the 

cardiovascular effects of contrast media, especially once it had 

been decided to include patients having cardiac catheterization 

in the trial. Such a review should have highlighted the 

differences between the formulations of high-osmolar contrast 

which bind calcium and those which do not. This might have led 

to the more clinically relevant comparison of nonionic and 

noncalcium-binding ionic high-osmolar media. 

The most important problems with the design of the trial were 

in the areas of choice of major outcomes, randomization 

procedure and blinding. Furthermore it was initially intended to 

combine two fairly different populations to measure a single 

outcome. The initial primary question of whether low-osmolar 

media caused less systemic adverse events than high-osmolar 

media was not the most relevant question for the population 

having cardiac angiography. The fact that other outcomes were 
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more important for this group was not considered sufficiently 

before the trial began. A separate sample size for a relevant 

outcome was not calculated for the group having cardiac 

angiography. The trial was not monitored in a way that allowed 

for external unbiased consideration of the accumulating data. 

Therefore the cardiac angiography trial was terminated only 

after informal monitoring led to the analysis of the data for 

that group. 

The flaws in trial design have implications for the 

interpretation of the results. It was intended that the trial 

would provide information about events of clinical importance so 

that the results might have an impact on clinical practice. The 

chosen major outcome for the cardiac angiography group proved 

too heterogenous in that regard. Fortunately the degree of 

detail in the information collected during the study did allow 

for post hoc construction of other outcomes which were somewhat 

more readily interpreted. It is uncertain whether the results of 

the trial of intravenous contrast will influence practice. Only 

a trial which examined more severe events or deaths would be 

assured of doing so and this type of trial would be a major 

undertaking. The economic analysis of the current trial is 

important however, because it illustrates the sort of trade offs 

that exist when a decision is made as to who should receive low­

osmolar contrast. 

The inadequacy of the randomization and blinding p~ocedures 

employed make it imperative to consider whether bias could have 
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had a major influence on the trial results. I have indicated in 

the thesis how comparisons made during the analysis attempted to 

determine whether bias was operative. The results of these 

analyses were reassuring in that they did not provide evidence 

to support a conclusion that bias had been introduced. Neither 

did they suggest that the conclusions of the study would have 

been different if a more optimal design had been used. However 

one cannot be certain after the fact that bias was not at least 

partly responsible for the results obtained and therefore one 

always has to be cautious in the interpretation of the results 

of studies with major design .flaws. It is always better to try 

to prevent bias by using a sound design than to have to consider 

whether it is operative after a study is complete. 
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MSTRACT 

Background: A randomized trial was undertaken to compare the Incidence, risk 

factors and costs of adverse events after Ionic high-osmolar and nonlonic low-

osmolar radlocontrast media 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 nonlonlc CN=753) radtocontrast, and also in 366 patients 

who could not be randomized. 

Results: The randomized groups were wei I 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 

nonlontc contrast (95 percent confidence Interval for the difference 15.8-

23.6 percent). Hemodyn am i c 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 alI patients In our 

randomized trial had been given nonlonlc contrast, the Incremental cost per 

procedure would have been Can $100. This cost would be higher In the USA. 

Conclusions: Nonionic contrast is better tolerated than calcium binding Ionic 

high-osmolar contrast during cardiac angiography. Should cost constraints 

deter universal use of nonionic contrast, selective use In those with severe 

cardiac disease could be considered. 
I 
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INTRODUCTION 

The high osmolal tty of conventional contrast media may contribute to their 

adverse side effects. New Iodinated contrast media have lower osmolal tty and 

some are nonionic. Low-osmolar agents cause less discomfort and may decrease 

objective side effects during cardiac angiography (1). Hypotension, cardiac 

arrhythmias, and pulmonary edema may be reduced in high risk patients such as 

those with recent myocardial infarction, unstable angina, hypotension, or 

severe heart failure (2). Unfortunately few high quality randomized control led 

trials comparing lntracardiac Infusion 

have been undertaken. Furthermore the 

of high-osmolar and low-osmolar media 

number of patients enrol led 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 

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

whether their benefits exist for alI 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 wei I as 

effectiveness, need to be considered In any decision as to which media should 

be used and for which patients (6). When alI contrast requiring radiological 

procedures were considered and optimistic assumptions about the safety of 

nontonic medta were made, It was found that the marginal cost of nonlonlc media 

was very high (7), amounting to $186 more per cardiac catheterization In a 

recent randomized trial (8). 

Our randomized, control led, double blind, clinical trial was undertaken 

(a) to compare the Incidence of clinically Important side effects following 

tntracardtac Injection of high-osmolar Ionic and low-osmolar nonlonlc 
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contrast media, 

(b) to determine whether it was possible to Identify patients who were at high 

risk of adverse reactions, and 

(c) to determine the cost-effectiveness of the nonionic versus the high­

osmolar media. 

METHODS 

For 17 months prior to August 1990 one thousand eight hundred and fifty 

six consecutive adult patients having cardiac catheterization without anglo­

plasty during the research nurses' working hours were considered for entry to 

the study. The only pre-specified exclusion criteria were (a) history of prior 

anaphylactoid reaction to contrast (N=32) and (b) a cardiac condition severe 

enough for the cardiologist to Insist upon nonlonlc contrast. These conditions 

Included low output left ventricular failure, unstable angina, or myocardial 

Infarction In the previous week (N = 188). It should be noted that notal I 

those with these clinical conditions were excluded from the randomized trial. 

However, refusal by the cardiologist to enter the patient for reasons other 

than (a) or (b) occurred In a further 125 Instances and refusal by the patient 

to enter the stUdy occurred on 21 occasions. 267 of 366 (72.9 percent> non­

randomized patients received nonlonlc contrast, 56 (15.3 percent> received low­

osmolar Tonic contrast and the remainder high-osmolar contrast. All non­

randomized patients were followed In the same manner as the randomized groups. 

737 patients were randomly assigned to receive high-osmolar contrast 

(Renografin 76 or MD 76 In alI cases) and 753 to receive nonionic contrast 

(lohexol N=33, lopamldol N=721). Outcomes were determined by the doctor, 

cardiopulmonary technician and patient, alI of whom were blind to which 
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contrast was prescribed. The research nurse was responsible for the allocation 

of contrast and was also an unbl inded recorder of events that occurred during 

and after the procedure, as reported by the patient, doctor and technician. 

Informed consent was obtained from each patient. A questionnaire containing 

demographic data (age, sex), clinical history (prior reactions to contrast, 

allergies, asthma, cardiac disease, renal impairment, diabetes mellitus, 

anxiety, other II lnesses) and medication history was completed by the research 

nurse before random allocation of contrast. 

Serum creatinine was measured on the day of the procedure. As the risk of 

clinically important contrast nephropathy Is low In patients with normal renal 

function (9) a repeat serum creatinine was obtained 2 days after the procedure, 

only if the pre-contrast level was greater than 120 umol per I iter (1.36 mg per 

deciliter). One hundred and fifty three patients had an elevated serum 

creatinine on the day of the cardiac catheterization and a follow-up level was 

obtained tn 123 (80%> patients. A more detailed analysis than presented in 

this report wll I be provided In another paper where the data from both the 

cardiac and an intravenous contrast trial wl I I be combined. 

Following Insertion of the catheter, arterial blood pressure, cardiac rate 

and rhythm were recorded continuously. The type and dose of contrast was 

recorded, as was the duration of catheterization. Following contrast Infusion 

the development of asystole, hypotension, angina, arrhythmias and other adverse 
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reactions was recorded, as was the type of therapeutic Intervention which 

resulted from these reactions. After the procedure the results of the coronary 

arteriogram and left ventriculogram were obtained. On leaving the cardiac 

catheterization laboratory the patient was asked to complete a short 

questionnaire containing Likert scales {graded from 0 [no symptoms] to 10 [the 

most severe Imaginable]) related to the presence and severity of 9 symptoms: 

pain, warmth, nausea, vomiting, 

tightness and any other symptom. 

sneezing, Itching, shortness of breath, chest 

Any side effect which occurred during the 30 

minute period after the procedure terminated was also recorded. 

The research protocol was approved by the Human Investigation Committee of 

Memorial University of Newfoundland. 

CATEGORY OF REICTIONS 

1. Therapeutic Intervention by a doctor: This was the primary outcome of 

Interest and was assigned If the patient received a medical Intervention 

because of an adverse reaction to contrast. A reaction severe enough to 

necessitate unblindlng of the cardiologist was considered to have been one 

requiring a therapeutic intervention. We did not use standard criteria to 

determine who required medical Intervention. 

2. Clinically Important adverse events: Reactions potentially related to 

contrast, that were either life-threatening themselves, might presage a 

life-threatening event, or were of sufficient severity to be likely to 

Interrupt or delay the completion of the angiography. Such clinically 

important events were defined as follows: {a) angina which was not 

relieved by one nitroglycerine tablet Cb) tachyarrythmias of new onset 
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requiring treatment (c) bradyarrythmlas or conduction system disturbance 

of new onset requiring treatment {d) a fal I In blood pressure to less 

than 80 mmHg systolic for longer than 1 minute or which required therapy. 

3. Subjectively severe symptoms: One or more symptoms rated greater than or 

equal to the arbitrary cutpoint of 5 on the Likert scale. 

4. Severe, prolonged reactions: Unlike categories 1-3 these reactions were 

judged retrospectively by the investigators blind to the type of contrast 

prescribed. They Included angina requiring multiple drugs, ventricular 

fibrillation or severe tachyarrhythmla requiring medical Intervention, 

prolonged hypotension requiring multiple Interventions, prolonged cardiac 

arrest. 

EFFECT OF PATIENT DESCRIPTORS ON INCIDENCE OF REACTIONS 

Potential covarlates were examined to determine whether they Influenced 

the reaction rates. These Included sex and age; history of prior reaction to 

contrast, allergy, asthma, diabetes mel lltus, renal Impairment (serum 

creatinine> 120 umol per I Iter), anxiety, severe II lness, cardiac failure, 

myocardial Infarction, hypertension, intermittent claudication and transient 

Ischemic attacks; presence and severity of coronary artery disease, left 

ventricular dysfunction and valvular disease as determined by the 

catheterization; dose and type of contrast Infusion. Anxiety was recorded as 

present only if the research nurse considered it severe. Severe II lness was 
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In hospital by order of a physician for acute 

of the potential covarlates was analysed by 

therapeutic Intervention in the subgroups with 

each of the covarlates and also by combining them In a multivariate analysts. 

COST ANALYSIS 

The records of alI randomized patients having a significant reaction 

during cardiac catheterization were reviewed to determine what changes in 

medical care occurred as a result. The additional days spent In coronary care 

or on the ward as a result of an adverse reaction to contrast were assessed 

blind to the type of contrast prescribed, as were the many different medica-

tions, balloon pumps and pacemakers. The average cost to the hospital of extra 

days spent in coronary care or on the ward was assigned tor each patient, as 

was the actual cost to the hospital of resources consumed to treat an adverse 

event. The average marginal cost to the hospital of a day spent In coronary 

care rather than on a ward was used when such an event occurred. Thus all 

costs are based on hospital costs In 1991 Canadian dol Jars. 

STATISTICAL ANALYSIS 

Continuous variables are presented as medians or means and standard 

deviations. All statistical tests were 2 tailed with a significance level of 

0.05. The Bonferronl procedure was used to adjust for multiple comparisons 
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lncldence rates and relative risks are presented wlth 95 percent 

confidence Intervals. The effect of nonionic contrast on the rate of reactions 

and the effects of binary covariates were assessed by the chi-squared test 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 the BMDP software {1988 version), was performed to assess the 

effect of several potential predictors on the incidence of clinically Important 

adverse events. The variables were added to and removed from the models 

singly by both automated and deliberate stepping procedures to allow detection 

of multicollnearity. AI I variables of potential cllnclal importance were so 

examined. The interaction of several variables were also assessed in the 

models. The odds ratios presented are those from a final model using alI 

Independent variables previously found to have a predictive effect. 

At the outset It was Intended that the patients In this trial be comblned 

with those In a trial of Intravenous contrast (manuscript submitted for 

pub I !cation) to Investigate the systemic toxicity of the contrast agents. The 

overall required sample size was estimated to be 3543. During enrollment of 

the patients having cardiac angiography It became apparent that there was a 

high frequency of adverse cardiovascular events requiring therapy, noted before 

analysis by contrast assignment. This high frequency in 1490 patients was 

reported to the external advisor CDr. JO Harnett). He advised ful I analysis of 

the data, following which the cardiac catheterization arm of the trial was 

stopped. 

RESULTS 

Patient status at baseline 

Randomized trial: Table shows the demographic data, clinical 
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information, dose and type of contrast, while Table 2 shows the results of the 

cardiac catheterization for patients In the randomized study. The two 

randomized groups were wei I matched for alI demographic and clinical variables, 

drug prescription <Table 1) and for the degree of cardiac disease observed at 

catheterization (Table 2). 

Non-randomized patients: Those patients, who were excl uded from the 

randomized trial for medical reasons, had more severe previous cardiac il loess 

(previous myocardial Infarction 63 percent CN=140); unstable angina 66 percent 

CN=146), were more likely to be severely II I [43 percent (N=95)], or to have a 

history of prior contrast reaction [16.3 percent CN= 36)], than those In the 

randomized trial. 

Effect of nontontc contrast In randomized trtol 

Therapeutic Intervention: The number of patients receiving a therapeutic 

intervention by the cardiologist as a result of adverse reaction to contrast 

was high (28.9 percent> after high-osmolar contrast, and the relative risk for 

such an Intervention was 3.1 times (95~ confidence Intervals: 2.5-4.1) that In 

the nonionic group (Table 3). A switch to a low-osmolar contrast was the only 

Intervention In 29 cases assigned to high-osmolar contrast. In addition, the 

Incidence of clinically Important angina, hypotension and bradycardia was 

substantially higher to the high-osmolar group (Table 3). Urticaria occurred 

In 20 <2.7 percent> and was treated In 9 (1 .2 percent> patients assigned to 

high-osmolar, while only 1 case (0.1 percent p < 0.0001) given noniontc had 

urticaria and this was not treated. Nonlontc contrast was associated with a 

lower Incidence of symptoms particularly palo, chest tightness and nausea 

<Table 4). 

Severe or prolonged reactions: These events (category of reaction 4) 
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occurred In 2.9 percent of the high-osmolar group and In 0.8 percent of the 

nonlonlc group (Table 3). In the former group these severe reactions Included 

angina requiring multiple drugs (N=11), ventricular fibrillation (N=5), 

prolonged hypotension requiring multiple Interventions (N=4) and a prolonged 

cardiac arrest (N=1). In the comparable nonionlc group 4 of the 6 patients had 

ang ina requiring morphine (one of ~ham had an intraprocedural myocardial 

infarct), one had ventricular tachycardia requiring lidocaine, and one atrial 

fibrillation requiring verapami I and digoxin. 

AI I but 3 of those having severe or prolonged reactions had severe 

coronary disease, advanced valvular disease or poor left ventricular function. 

22 of the 27 severe events were In people who could have been Identified as at 

high risk in advance because of unstable angina, current heart failure, 

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

There were no deaths related to the procedure and no episodes of permanent 

disability or damage attributable to contrast administration in the study. 

Procedure time: The average time from Insertion to removal of the 

catheter was not longer In those who received high-osmolar contrast C13.7 + 8.8 

vs 13.6 ± 10.6 minutes). The number of abbreviated procedures was few: three 

patients randomly allocated high-osmolar and one nonlonlc contrast. 

Qontrast nephropathy: Sixty-four patients who received high osmolar 

contrast, had an elevated serum creatinine on the day of the cardiac 

catheterization, and also had a follow-up level taken. 
f 

Three (4.7%> of this 

group developed greater than 25% but less than 50% rise in serum creatinine, 
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and a further 3 (4.7%> patients had greater than 50% rise. Of 59 patients, who 

randomly received non-ionic contrast and had pre-serum creatinine greater than 

120 umol/1, 2 (3.4%> patients experienced greater than 25% but less than 50% 

rise in serum creatinine, and 1 (1.7%> patient had greater than 50% rise. 

Given the relatively smal I sample size and low Incidence rates of contrast 

nephropathy these differences were not significant. 

Non-randomized patients: Those who had been excluded from the randomized 

trial for medical reasons had a higher Incidence of most adverse reactions than 

those randomly at located nonlonlc contrast. A therapeutic Intervention was 

required In 17 percent versus 9.2 percent (p=0.002). It should be noted that, 

despite being at higher risk, those excluded for medical reasons had a lower 

Incidence of adverse reactions than those who were randomized to high-osmolar 

contrast. 

Effect of coyarlates 

Univariate analysts of alI the covartates mentioned In the methods 

revealed that the only patients with a higher than average relative benefit 

from nonlonlc contrast, In terms of events requiring therapeutic Intervention, 

were those with diabetes mel I Itus (relative risk 6.6, 95 percent Cl 2.7-16.3) 

and those with a history of prior reaction to contrast (relative risk 7, 95 

percent Cl 1-50). Those who were severely II I had a greater Incidence of 

therapeutic Intervention after both types of contrast (40.5 percent after high­

osmol~r and 12.6 percent after nonionic). There was a gradual Increase In the 

number requiring therapeutic Intervention with Increasing severity of coronary 
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disease In those receiving either high-osmolar or nonionic contrast Cone 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 linear 

associations between many subject and investigation related characteristics and 

th e occurrence of an adverse event. The dependent var iable 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 Included age, sex, a history of prior 

reaction to contrast, allergy or asthma, the presence of renal Impairment 

(serum creatinine ~ 120 umol/1>, valvular heart disease, diabetes, the degree 

of left ventricular dysfunction, or dose of contrast. 

Severe Illness was associated 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 

Cleft 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 Interval 1.03 to 1.5>. The Interaction of these 

variables had I lttle extra association with the occurrence of an adverse 

reaction. 

Qost Qonslderatlons 

The length of hospital stay was the same In those randomly allocated high-
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osmolar contrast as In those given nonlonlc contrast (median stay 5 days In 

each case). The length of stay was significantly longer In those excluded from 

the randomized trial for medical reasons (median 11 days, p <0.0001 relative 

to randomized groups). 

The differences between the high-osmolar and nonlonlc groups In 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, Insertion and maintenance of 2 pacemakers, and many different 

medications. The cost of alI these Interventions was Can $6,742. Contrast for 

the high-osmolar group cost Can $18,352 (Including nontonlc In those crossed­

over), while contrast for the same number of patients In the nonlonlc group 

cost Can $98,700. Thus the Incremental cost of nonlonlc contrast was Can 

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

procedure. Thirty-nine percent of patients In the randomized study had current 

heart failure, 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 nonionlc 

contrast, are reported in 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 

tol lowing contrast. To our knowledge our study is the largest randomized trial 

yet reported comparing lntracardiac 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 

at (5). This may be due to the fact that we Included treatment of anglna 1 

bradycardia and requests for unbllndlng as events. In fact many of the adverse 

effects seen with contrast In our trial were relatively minor and short lived. 

Nevertheless more clinically Important adverse events also occurred (see 

category of reactions 2 in methods). The incidence rates for serious 

arrythmias and prolonged angina seen in our study are similar to those noted by 

others (5, 1 0). Severe prolonged reactions (see category of reactions 4) were 

infrequent but were also more likely to be seen with high-osmolar contrast. 

The particular formulations of high-osmolar contrast used In our trial 

contained calcium chelatlng additives. These media have been associated with a 

significantly greater Incidence of ventricular fibrillation than similar high-

osmolar media which do not chelate calcium (11,12). Although use of a non-

calcium chelatlng formulation of high-osmolar contrast might have prevented 

some of the episodes of ventricular fibril tatlon seen only after high-osmolar 

contrast In our study, there is no evidence that the non-calcium dhelatlng 
I 

high-osmolar media can prevent other adverse reactions to contrast. Neither 
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has there been any adequate comparison of nonionic contrast, which we found to 

be associated with a lower Incidence of at I contrast related adverse events, 

and non-calcium chelatlng formulations of high-osmolar agents. 

Virtual Jy all patients having cardiac catheterization were eligible for 

Inclusion in this trial but the cardiologists excluded a sizeable number 

because they felt that they would be at excessive risk with high-osmolar 

contrast. These patients were more II I and did have more adverse events than 

those randomized to the same nonionic contrast. However, they had Jess adverse 

events than those who received high-osmolar contrast In the randomized trial. 

VIrtual Jy all of the most serious adverse reactions, to either contrast, 

occurred In those with advanced cardiac disease, and the multivariate analysts 

of those In the randomized trial identified the severity of coronary disease 

and the tnstabi I tty of angina as risk factors for clinical Jy important adverse 

events in this already selected group. 

We found that universal use of nonionic contrast for the type of patients 

in our randomized trial, who are served by the Canadian health care system, 

would cost an extra Can $100 per patient undergoing the procedure. In the 

United States nontonlc contrast Is up to twice as expensive compared to Canada. 

Therefore the figure of US $186 higher for use of lopamidol rather than 

dlatrizoate In a recent US trial (8) would be comparable to our predictions. 

Of course If nonlonlc contrast were selectively given only to those at higher 

risk for adverse reactions the cost-effectiveness would Improve. 

The results of this trial 1 I lustrate the problem that faces health pol Icy 

decision makers when a new therapy Is found superior to an established one, but 

Is also associated with a substantial Increase In cost. There are no agreed 

formal guidelines to aid a decision as to how much society would be wll 1 ing to 
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pay to achieve a given degree of Improvement In the health status of 

individuals. Cost-effectiveness analyses alone cannot usually 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 

considerations (6~7>. 

Thus we conclude that noniontc contrast is better tolerated during cardiac 

angiography than a calcium chelating formulation of high-osmolar contrast~ but 

universal use of nonlontc contrast ls expensive. It may be possible to select 

those at highest risk of serious adverse side-effects on the basts of some 

Therefore selective use of these agents may~ at least, be 

attractive. Should the price of nonlonlc media decrease, 

cltntcal variables. 

more economically 

their universal use would be more attractive In the cardiac catheterization 

laboratory. 
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TMLE I: DESmiPTION OF PATIENTS AT BASELINE 

Randanlzed 

High-Osmolar Non tonic 

N % N % 

Total 737 100 753 100 

Male 520 70.6 514 68.3 

Prior reactor to contrast 33 4.5 21 2.8 

Allergic 171 23.2 170 22.6 

Asthmatic 50 6.8 46 6.1 

Diabetic 115 15.6 115 15.3 

Renal Imp a! rrrent 90 12.2 80 10.6 

Aged >50 years 516 70.0 522 69.3 

Severe II I ness 74 10 95 12.6 

Anxious 300 40.7 313 41.6 

Medical History 

Myocardl al Infarction 310 42.1 322 42.8 

Heart fa I I ure 100 13.6 108 14.3 

Intermittent claudication 219 29.7 236 31.3 

Hypertens Jon 357 48.4 371 49.3 

Tr~nslent 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 

Antlplatelet Agents 358 48.6 349 46.3 

Beta B I ockers 294 39.9 270 35.9 



TABLE I: D:SCRI PTION OF PATIENTS AT BASELINE CCX>NT'D> 

Premedication given 

Unstable Angina as Indication 

for catheterization 

Volume of contrast (ml) 

Age <years) 

Pulse rate before procedure 

Systolic blood pressure 

before procedure (mmHg) 

Diastolic blood pressure 

before procedure (mmHg) 

681 92.4 

278 37.7 

MEAN ± SO 

122 ± 43 

56± 11 

68 ± 25 

139 ± 25 

71 ± 13 

701 93. 1 

287 38.1 

MEAN± SO 

127 ± 35 

55 ± 11 

69 ± 13 

138 ± 26 

70 ± 14 

212 



213 

TleLE 2: RESULTS OF CAROtiC CArnETERIZATION 

Randanlzed 

High-Osmolar Nonlontc 

N % N % 

Valvular heart disease 65 8.8 62 8.2 

Left ventricular dysfunction 

-Mild 209 28.4 219 29.1 

-Moderate 90 12.2 99 13.1 

-Severe 26 3.5 30 4.0 

Coronary disease 

-Left main 55 7.5 41 5.4 

-One vessel 170 23.1 167 22.2 

-Two vessel 126 17.1 153 20.3 

-Triple vessel 192 26.1 179 23.8 

-Coronary bypass 

grafts present 31 4.2 24 3.2 
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TiiE Nl.M3ER OF CASES Willi SPECIFIED ADVERSE REACTIONS TO OONTRAST IN 

'THE RAN[XJ41 ZED TR I AI... 

Hlgh-Q~Iar Low-Osmolar P* 95~ Cl RR 95~ Cl 

Adverse Reactions 

leategory 1: Cases 

N=737 ~ N=753 % Dl fference% RR 

who required thera-

peutic Intervention 213 28.9 

leategory 2: Clinically 

important adverse 

69 

events 124 16.8 25 

Angina rei leved by 

2 nitroglycerine 

9.2 <1 o- 7 9 3 15. -2 .6 3. 1 2. 5-4. 1 

3.4 
-8 

<10 10.5-16.5 5.1 3.3-7.7 

tablets CGTN> 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 

~linical ly important 

31 4.2 

hypotension 40 5.4 

Treated bradycardia 63 8.5 

2Treated Tachyarrythmia 6 0.8 

1eategory 3: Subjectively 

severe symptans, 

12 

3 

6 

2 

excluding warmth 

1eategory 4; 

189 25.6 70 

Prolonged/severe event 21 2.9 6 

1.6 0.028 0.9-4.3 2.6 1.4-5.1 

-7 
0.4 <10 3.3-6.7 13.6 4.2-44 

-7 
0.8 <10 5.6-9.9 10.7 4.7-25 

0.3 NS -0.1-1.3 3.1 0.6-15 

-8 
9.3 <10 12.6-20.1 2.8 2.1-3.6 

0.8 0.035 0.7-3.4 3. 6 1.5-8. 8 

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

1 These adverse events are defined In the text. 

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

ventricular tachycardia and one of atrial fibrillation after nonionlc. 
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TIBl.E 4: TI-lE INCIDENCE Of SYMPTCMS SlBJECTIVELY RATED AS GREATER THAN OR EQUAL 

TO 5 00 A 1 0 PO I NT SEVERITY SCALE IN TI-lE RAN[)().1 I ZED TRIAL. 

High-osmolar Nonlonlc p Relative 95% 

N J N J Risk Cl RR 

Warmth 527 71 .5 443 58.8 <0.0001 1.2 1.1-1.3 

Pain 79 10.7 34 4.5 <0. 0001 2.4 1 . 6-3.5 

Chest tl ghtness 75 10.2 32 4.2 <0.0001 2.4 1.6-3.6 

Nausea 79 1 o. 7 26 3.5 <0.0001 3.1 2.0-4.8 

Van ttl ng 13 1.8 11 1.5 NS 1.2 0.5-2.7 

Dyspnea 17 2.3 12 1.6 NS 1.4 0.7-3.0 
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T,6Bl.E 5: CX>ST EFFECTIVEt£SS OF NON-IONIC OONTRAST IN RAN[)(J.fiZED TRIAL. 

If alI patients glyen 
a 

If high risk patients 

non Ionic only glyen nonlonlc 

Category of Number needed Marginal cost Number needed Marginal cost 

Reaction to treat to tor use of to treat to for use of 

prevent one nonlonlc per prevent one nonlonlc per 

reaction event prevented reaction event prevented 

1. Therapeutic 

Intervention 5. 1 $510 4.2 $541 

2. Cl lnical ly Important 

adverse events 7.4 $740 6.8 $871 

4. Severe, prolonged 

event 50 $5,000 27 $3,464 

a 
High risk: current heart failure, myocardial Infarction within previous 2 weeks, 

unstable angina, previous coronary artery bypass grafting, known 3 vessel coronary 

disease, or advanced valvular disease. 



217 

REfERENCES 

1. Bettmann MA, Higgins CB. Comparison of an Ionic with a nonlonic contrast 

agent for cardiac angiography. Results of a multlcentre trial. 

Radio! 1985; 20 Suppl 1 :S70-S74. 

Invest 

2. Feldman RL, Jalowiec DA, Hi I I JA, Lambert CR. Contrast media-related 

complications during cardiac catheterization using Hexabrix or Renografin in 

high-risk patients. Am J Cardlol 1988; 61:1334-7. 

3. Kinnison ML, Powe NR, Steinberg EP. Results of randomized control led trials 

of low versus high osmolality contrast media. Radiology 1989; 170:381-9. 

4. Powe NR, Kinnison ML, Steinberg EP. Quality assessment of randomized 

controlled trials of contrast media. Radiology 1989; 170:377-80. 

5. Hirshfeld JW, Kussmaul WG, DiBattista PM et al. Safety of cardiac 

angiography with conventional ionic contrast agents. Am J Cardlol 1990; 

66:355-61. 

6. Linton AL, Naylor CD. Organized medicine and the assessment of technology. 

Lessons from Ontario. N Engl J Med 1990; 323:1463-7. 

7. Goel V, Debar RB, Detsky AS. Nonlonic contrast media: economic analysis and 

health policy development. Can Med Assn J 1989; 140:389-95. 

8. Hlatky MA, Morris KG, Pieper KS, Davidson CJ, Schwab SJ, Bashore TM. 

Randomized comparison of the cost and effectiveness of lopamldol and dla­

trlzoate as contrast agents for cardiac angiography. J Am Col I Cardlol 1990; 

16:871-7. 

9. Barrett BJ, Parfrey PS. Clinical aspects of acute renal failure following 

use of radlocontrast agents. In 

Fal lure. Diagnosis, Treatment and 

1991: 481-500. 

Solez K and Racusen LC eds. Acute Renal 

Prevetnlon. Marcel Dekker, New York 



218 . 

10. Davidson CJ, Mark DB, Pieper KS et al. Thrombotic and cardiovascular 

complications related to nonlonic contrast media during cardiac catheter­

ization: Analysis of 8,517 patients. Am J Cardiol 1990; 65:1481-4. 

11. Murdock OK, Johnson SA, Loeb HS, Scanlon PJ. Ventricular fibrillation 

during coronary angiography: reduced Incidence in man with contrast media 

tacking calcium binding additives. Cathet Cardiovasc Diagn 1985; 11:153-9. 

12. Zukerman LS, Friehllng TO, Wolf NM, Meister SG, Nahass G, Kowey PR. Effect 

of calcium binding additives on ventricular fibrillation and repolarlzation 

changes during coronary angiography. J Am Col I Cardlol 1987; 10:1249-53. 



Submitted to NEJM March 22, 1991 APPENDIX · B 

219 

A RANOCJ41ZED IRIN. Of NONIONIC LOW-i>S~LM VERSUS IONIC HIQi-QSMOLM 

ftAOIOOONJRAST FOR INIRAVENClJS USE IN PATIENTS PERCEIVED TO BE AT HIGH RISK 

Barrett BJ, MB, Parfrey PS, MD, McDonald J, RN 

Hefferton D, RN, Reddy R,MD, McManamon P, MD 

Division of Nephrology and Department of Radiology 

The General Hospital, Health Sciences Centre 

Memorial University of Newfoundland 

St. John's, Newfoundland, Canada 

Correspondence and Reprints to Dr. P.S. Parfrey 

Division of Nephrology 

The Health Sciences Centre 

St. John's, Newfound I and 

A1B 3V6 

This research was funded by grants from Health and Welfare, Canada, The General 

Hospital, and the General Hospital Health Foundation. 

Dr. Barrett Is a Kidney Foundation of Canada Fellow. 

The radiologists who participated In this study Include Drs. R. Reddy, P. 

McManamon T. Cummings, S. McMaster, P. Col llngwood, M. Mangan. 

Running Head: Radlocontrast for Intravenous use. 



220 

N3STRACT 

Background: Nonlonlc low-osmolar radlocontrast may be better tolerated than 

Ionic high-osmolar radiocontrast following Intravenous Injection but Its cost­

effectiveness has not been examined in a large randomized trial. Selective use 

of expensive noniontc 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 randomly assigned 955 

to receive low-osmolar intravenous 

patients to receive high-osmolar and 1158 

contrast, alI of whom had 1 or more of the 

following perceived "risk factors" for adverse reactions to radiocontrast: 

prior reaction to contrast, al lergles, 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-osmolar and 0.9 percent after 

low-osmolar contrast (p < 0.000005). Therapy was given to 1.4 percent and 0.5 

percent respectively Cp = 0.035). The difference was due to a reduction In 

urticaria and other mild anaphylactoid reactions. In those receiving high­

osmolar contrast the following factors Increased the risk relative CRR) to 

those aged over 50 alone: prior reaction CRR = 7.4>, allergy CRR = 4.4>, 

cardiac disease CRR = 3.1>, severe II lness CRR = 3), renal disease CRR = 2.4>, 

anxiety (RR = 2.2), diabetes <RR = 1.9) and asthma CRR = 1.4>. In a 

multivariate analysts only prior reactions and allergy were Independent risk 

factors. The marginal cost of nontontc contrast was Can S 72.77 per patient In 
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the randomized trial. If 81 I patients In the randomized trl81 were given 

nonlonlc contrast It would cost Can $2679 to prevent 1 reaction. If only those 

with prior reactions, allergy or asthma were given nonlonic contrast it would 

cost at most Can $1211 to prevent reaction and at least 67 percent of 

reactions would be prevented. 

Conclusions: The frequency of reactions requiring medical attention and 

therapy, after Intravenous use of high-osmolar contrast, in patients perceived 

to be at high risk, is low. Nonionic contrast significantly reduces this 

incidence, but at high cost. Selective use of nonionlc contrast Is a viable 

strategy. 

Key Words: contrast media, Ionic, nonionlc, toxicity, adverse effects, 

intravenous, risk factors, cost-effectiveness, random allocation, 

comparative study. 
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INTRODUCTION 

The high osmolarity . of conventional radiographic contrast media may 

contribute to their toxicity. This led to the development of nonlontc 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 Jess chemotoxic {2). It 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 wet I 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 

unl tkely that a large enough randomized trial wll I be conducted to study them. 

The low-osmolar contrast media are between ten and twenty times more 

expensive than high-osmolar media In North America. If low- rather than high­

osmolar media were used for alI radiological procedures In the United States, 

It has been estimated that the extra expenditure would amount to at least $1.1 

btl I ton per annum (8). Partly as a result of these economic considerations, 

some have suggested selective use of the low-osmolar media In patients 

perceived to be at high risk {9). Such a policy of selective use Is much more 
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cost ef feet I ve < 1 0) but depends on accurate I nformat Jon as to what constItutes 

a high-risk subject. . . ... . . 

Thus we performed this randomized, double blind, cl lnlcal trial (a) to 

compare the Incidence of moderately severe adverse events following lntravencus 

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 associated with various clinical characteristics and (c) to examine 

the cost-effectiveness of low-osmolar nontonic contrast In a selected "high­

risk" population. 

METiiODS 

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 eligible {6,11). These Included (a) prior mild adverse reaction to 

radlocontrast (b) "allergy" to drugs, foods or other substances (c) asthma (d) 

cardiac disease (angina, heart failure, myocardial or valvular disease) (e) 

diabetes mel I ltus (f) chronic renal failure (g) age greater than 50 years (h) 

severe II lness (bed-bound In hospital for medical reasons) and (I) excessive 

anxiety as Judged by the Interviewing nurse. 

Subjects were excluded from the trial In the absence of any of the above 

characteristics and for three other reasons: (1) patient refusal, (2) non­

availability of low-osmolar contrast In a form suitable for the patient's 

Investigation, (3} at the request of the radiologist because of a perception 

that the patient would be at excessive risk If high-osmolar contrast were 
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given. 

Sub(ects and Contrast Media: In the three years prior to February 1991 three 

thousand one hundred and sixty seven consecutive eligible patients were 

Identified during the research nurses working hours. This represented 49.5 

percent of those having Intravenous contrast for similar Investigations over 

the same time period. Of these 2113 (66. 7 percent) were entered In the 

randomized trl al. 955 were randomly assigned to receive Ionic high-osmolar 

contrast and 1158 to recel ve non ionic I ow-osmo I a r contrast. The contrast used 

was that bought under contract by the hospital. Overall 163 patients were 

given topamldol, 1329 ldhexol, 12 loxaglate, 613 meglumine lothalamate and 1050 

sodium/meglumlne diatrlzoate 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 trial. Such Individuals CN = 220) 

who had received high-osmolar contrast were subsequently identified and removed 

fran the trial. The corresponding asslgnnents 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 randomized trial. 

58 patients refused to enter the trial, 612 were excluded because of non­

avallabil ity of appropriate nonlonic contrast and 216 were excluded at the 

request of the radiologist because of asthma, allergies and previous reactions 

to contrast. A further 168 were not randomized for miscellaneous reasons. All 

non-randomized patients were followed In the same fashion as the randomized 

groups. The only patients who received steroid prophylaxis were 5 patients 

with a history of prior serious reaction to contrast. All were nonrandomlzed 

and given nonionlc contrast. None had any adverse events with the current 
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Protocol: The research nurses briefly 

ellglbi I tty. Informed consent was 

demographic data (age, sex), clinical 
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Interviewed 81 I patients to determine 

sought and a questionnaire containing 

history (prior reactions to contrast, 

a II erg I es, asthma, cardIac dl sease, rena I 1 mpa I rment, dl abetes me IIi tus, 

anxiety, other II lnesses) and medication history was completed by the research 

nurse. The nurse then approached the radiologist who made the final decision 

as to whether contrast type could be assigned at randan. A radiation 

technologist prepared the randomly assigned contrast. The research nurse, 

radiologist and patient remained bl lnd to the type of contrast administered. 

The nurse recorded the patient's pulse and blood pressure before and 

immediately after the radiological procedure as wei I as recording any adverse 

events which occurred after contrast and before the patient left the radiology 

departrrent. Whether the radiologist was required to review a patient because 

of an adverse event was also noted, including any therapy prescribed. Before 

leaving the departrrent the patient completed a questionnaire containing llchert 

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 liter (1.36 mg per decl liter) a repeat serum 

creatinine was sought 2 days later. This dat8 wl II be analysed In 8 separate 

paper. 

This research protocol was approved by the Human Investigation Committee 

of Memorial University of Newfoundland. 

Outcomes: 

1. The prImary outcam'e 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. Hemo"dynanlc deterioration defined as a change In blood pressure fran 

baseline of greater than 20 mmHg systolic or 10 mmHg diastolic. 

3. The occurrence of symptoms subjectively rated as severe (greater than or 

equal to 5 on a scale of 0 to 10) by the patient. 

Analysis and Statjstjcs; 

Continuous variables are presented as medians and ranges or means and 

standard deviations. AI I 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 Intervals. 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 wished 

to be able to detect at least 50 percent reduction In risk with low-osmolar 

contrast with a maximum 1-talled 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 Intended to canbfne 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 achieved. 

RESULTS; 

Baseline Comparison; The randomized groups were wei I 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 

low-osmolar contrast (141 versus 300 mg per mil It liter) 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 

low-osmolar contrast, had the expected significantly higher proportion of 

prior reactors, -8 al lerglc and asthmatic patients (alI p < 10 relative to the 

randomized group) <Table 2). Eczema, rhinitis, and use of antihistamines or 

bronchodllators were alI more common in these selected patients as wei I. 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-availability 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 II I patients 

(7 versus 3.5 percent, p = 0.001), anxious patients (43.9 versus 26.6 percent, 
-8 

p < 10 >, and patients on diuretics and steroids tn the non-randomized group. 

Oytcqmes In the randomized patients: Therapy was given for a contrast reaction 

2.6 times more often In those assigned to high-osmolar contrast (Table 3). 

Adverse events requiring attention by the radiologist were 4.5 times more 

frequent In those randomly assigned to high-osmolar contrast. Table 3 also 

shows that urticaria alone or other mild anaphylactoid reactions accounted for 

most of the difference between the groups. The remainder of the reactions 

were varied but consisted of severe vomiting In 5 (0.5 percent) cases given 



228 

high- and none glven low-osmolar contrast. There were no life-threatening 

reactions. We dtd 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 receiving 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 low-osmolar contrast but 

this may reflect the more severe cardiac history in those patients. Several 

subjectively severe (greater than or equal to 5 on the 10 point scale) symptoms 

were significantly more common in those given high-osmolar contrast (Table 3). 

Outcomes In the non-randomized patients; Despite being at apparently higher 

risk, those excluded from the randomized trial 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 alI patients given low­

osmolar contrast are considered, those excluded from the randomized trial had 

more such reactions (1.5 versus 0.9 percent, p = NS>. 

The adverse event rates In those receiving high-osmolar contrast were the 

same Irrespective of whether they were randomized, apart from a lower frequency 

of subjectively severe warmth In those not randomly assigned <Table 4). 

Assessment of Risk Factors; We dld not specifically study patients felt to be 

at low risk of adverse events. Thus It Ts not possible to deflne the relatlve 

risk of our "high risk" categorles directly. However the patients who were 

aged more than 50 years and were without any other risk factor had the lowest 

frequency of adverse events requiring a doctor's attention (1.6 percent of 

those given high- and 0.3 percent of those given low-osmolar contrast>. These 

patients thus serve as a useful population against which to assess other rtsk 
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factors. Table 5 shows the results of a univariate 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. AI 1 3167 patients were included for one analysts and alI those 

receiving high-osmolar contrast were Included In 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 

smal I independent Increase In 

made patients eligible for the 

risk. None of the other "risk factors" which 

randomized trial had independent predictive 

power for adverse events requiring the attention of a doctor. 

AI I 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 in 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 reactions 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 unti I they were 

Judged stable. None of the patients required admission 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. patient required 

assessment In the emergency department after high-osmolar contrast and 5 

patients were similarly assessed after low-osmolar contrast. Thus the 

marginal cost of treating adverse reactions related to high-osmolar contrast 

was very smal I and can be Ignored for this analysis. 

The cost of providing nontonic low-osmolar contrast to a group of 955 

patients in the randomized trial was Can $77,699. Thus the marginal cost of 

nonlonic contrast for this group was Can $ 69,502 or Can $72.77 per patient on 

average. 

If alI patients In the randomized trial were given nonlonic contrast then 

49.5 percent of those being given intravenous contrast in our X-ray department 

would receive nonlontc. This would Increase the cost of contrast In our 

radiology department by 948 percent over use of only tonic media and It would 

cost Can $2679 to prevent 1 reaction severe enough to require the attendance of 

a doctor. Universal use of nonlonic 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 nontontc contrast, and If this was given to all others eligible for our 

trial, then 38 percent of those getting Intravenous contrast would receive 

nonlonlc contrast. This would Increase contrast cost In our radiology 

department by 244 percent over use of only Ionic contrast and It would cost Can 

$1998 to prevent 1 reaction, whfle 86 percent of preventable reactions would be 

prevented. If only those with a history of prior reaction to contrast, 

al lergtes or asthma were selected to receive nonlonlc contrast then 19 percent 

of those being given Intravenous contrast would receive nontonlc contrast. 

This would Increase the cost of contrast by 183 percent over use of only Ionic 
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medl8, and cost Can $1211 to prevent reaction, while 67 percent of 

preventable reactions would be prevented. 

Because same prior reactors to contrast, al lerglc patients and asthmatics 

were excluded from the randomized trial, the cost to prevent a reaction In this 

type of patient is probably overestimated and the proportion of potentially 

preventable reactions prevented Is probably underestimated. Since nontontc 

contrast Is nearly twice as expensive again relative to tonic contrast In the 

United States the above costs could be doubled in that country. 

OJ SOJSSION 

Our results indicate that noniontc low-osmolar agents are associated with 

a significantly lower frequency of "moderate" or "intermediate" level adverse 

reactions than ionic high-osmolar agents, when given Intravenously to a 

selected "high risk" population. We have also confirmed the Impression of many 

others that selected symptoms like warmth, nausea, and vomiting are ameliorated 

by low-osmolar contrast. It should 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 Jected the same data on alI patients. 

The adverse events whlch constituted our primary outcome were generally 

not long-lasting or severe but were sufficiently worrisome for 8 doctor to 

treat them. The decision to treat these reactions was taken before unbllndlng 

In virtually alI cases and therefore the difference In the n~ber of treated 

reactions Is likely 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 
I 

given high-osmolar contrast, Is comparable to the frequency of fairly similar 
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events In the I tterature. Such events occur In between 1.2 and 2 percent of 

unselected cases In prospective surveys (12 1 14-18). Thus this category of 

patients might be considered to be at average rlsk 6 at most 1 for these 

"intermediate" level reactions. 

A history of prior reaction to contrast medla 1 or al lergtes did behave as 

risk factors for "Intermediate" level 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 overal I and 

severe adverse events (5). Our multivariate analysis showed that the 

independent effect of each of these risk factors may be a I ittle lower than the 

usual univariate 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 stll I falls to act as a major risk factor when these 

excluded patients are also considered. However 1 In this study the presence or 

absence of asthma was dependent only on the patients own history and a greater 

risk associated with true atopy may have been diluted. Anxiety and other 

clinical conditions are 1 at best, weak risk factors for these "Intermediate" 

reactions. The Increase In risk associated with higher doses of high-osmolar 

contrast supports the recent literature (5). 

Non tonic 

mort a I tty (5). 

contrast for Intravenous use has not been shown to reduce 

Severe or life-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 6). Even these "moderate" reactions are Infrequent and do 

cluster In high risk groups. Provision of nontontc contra~t to our study 

population (about half of the total population receiving Intravenous contrast> 
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would be very expensive. Prevention of what are really quite mild reactions to 

Ionic contrast will be prohibitive In many Institutions. Provision of nonlontc 

contrast to those with a prior reaction to ionic contrast, an at lerglc history 

or asthma is more cost-effective but stll I quite expensive. This Is even more 

so ln the United States, where nonionlc contrast costs more than In Canada. 

If the cost differential did not exist, few would oppose universal use of 

nonlontc contrast. In addition to reduced use of procedures requiring contrast 

and a reduction In volume Infused, the Ideal solution to the current dilemma 

would be a reduction in the cost of nonionlc contrast. Every effort should 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 nonlonlc contrast does (12) but we did not examine that approach In 

our trial. No direct comparison of the strategies of steroid prophylaxis 

versus use of nonlonlc 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 nonlonlc contrast In many cases. In the Interim we 

feel that a policy of selective use of nonlonlc Intravenous contrast In 

patients with a history of prior reaction to contrast, at lergy or asthma can be 

justified. 
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T 18LE 11 BAS Ell NE QfARACTER I ST I CS Of lliE RAN[)(J41 ZED GROUPS 

Total 

Male 

FotentJal Risk Factors 

Prior reaction to contrast 

History of al lergles 

Asthma 

History of cardiac disease 

Renal impairment 

Diabetes 

Age > 50 years 

Age >50 years only 

Anxious 

Very II I 

Medical History 

History of Heart Failure 

Hy pert ens l ve 

History of transient 

cerebrel lschemle 

Eczema 

Rhinitis 

Hlgh-osmoler 

N = 955 

487 

26 

273 

53 

139 

94 

115 

774 

274 

254 

33 

16 

309 

46 

41 

37 

s = 100 

51 

2.7 

28.6 

5.5 

14.6 

9.8 

12.0 

81.0 

28.7 

26.6 

3.5 

1.7 

32.4 

4.8 

4.3 

3.9 

Lo.t-osmol ar 

N = 1158 % = 100 

566 48.9 

37 

332 

79 

226 

140 

143 

975 

307 

337 

32 

35 

403 

59 

54 

44 

3.2 

28.7 

6.8 

19.5 

12.1 

12.3 

84.2 

26.5 

29.1 

2.8 

3.0 

34.8 

5.1 

4.7 

3.8 



TMLE 1: BASEL liE OtARACTER I ST I CS OF lliE RANOCJ.11 ZED GROUPS ( CX>NT1 0) 

Drug History 

Digoxin 

Beta B I cx:ker 

Nitrate 

Anti-histanine 

Steroid 

Bronchodilator 

Age (years) 

Heart Rate (beats/min) 

Systolic blood pressure (mmHg) 

OJ astol ic blood pressure (mmHg> 

Contrast Volume (mls) 

Serum Creatinine (umol/1) 

High-Osmolar 

N=955 ~=100 

39 4. 1 

70 7.3 

32 3.4 

15 1.6 

32 3.4 

39 4. 1 

Mean ± SO 

59.2 .:t 14.3 

78.3 .:t 11.9 

1 35 • 9 .:t 21 • 3 

83.4 ± 11.7 

Median (Range) 

100 (40-750) 

84 (27-1823) 

Lew-osmolar 

N=1158 ~=100 

58 5.0 

100 8.6 

61 5.3 

18 1.6 

51 4.4 

65 5.6 

Mean± SO 

60.3±13.1 

78.1 ± 12.5 

137.0 ± 22.4 

82.4 ± 11.4 

Median (Range) 

50 ( 1-400) 

85 (43-991) 
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TIBLE 2a BASEliNE OiARACTER I ST I CS OF PATIENTS EXCLUDED FRCJ4 THE RAND041 ZED 

TRIAL. 

High-Osmolar LOit'-osmo I ar 

Total N = 716 % = 100 N = 338 % = 100 

Male 349 48.7 145 42.9 

Potential Risk Factors 

Prior reaction to contrast 8 1.1 136 40.2 

History of al lergles 183 25.6 171 50.6 

Asthma 37 5.2 105 31.1 

History of card! ac disease 125 17.5 57 16.9 

Renal ImpaIrment 87 12.2 39 11.5 

Diabetes 1 1 2 15.6 37 1 o. 9 

Age > 50 years 625 87.3 185 54.7 

Age > 50 years only 167 23.3 11 3.3 

Anxious 314 43.9 114 33.7 

Very II I 50 7.0 18 5.3 

Medical History 

History of Heart Failure 23 3.2 13 3.8 

HypertensIve 217 30.3 96 28.4 

History of transient 33 4.6 13 3.8 

cerebral Ischemia 

Eczema 23 3.2 36 10.7 

Rhinitis 22 3.1 51 15.1 



Tl6lE 2: BASEL It£ CHARACTERISTICS OF PATIENTS EXCLUDED 

TRI AI.. COONT'D) 

Drug History 

Digoxin 

Beta B I ocker 

Nitrate 

Anti-hIstamIne 

Steroid 

Bronchodilator 

Age (years) 

Heart Rate (beats/min) 

Systo I i c b I ood pressure ( mmHg) 

Diastolic blood pressure (mmHg) 

Contrast Volume (mls) 

Serum Creatinine Cumol/1) 

High-Osmolar 

N=716 %=100 

41 5.7 

45 6.3 

30 4.2 

19 2.7 

54 7.5 

36 5.0 

Mean ± SO 

60.4 .± 12.8 

78.9 ..± 11 • 6 

1 34.4 .± 21 • 4 

78.1 ± 11.1 

Median (Range) 

300 (26-650) 

86 (36-1375) 
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FROM THE RANDOMIZED 

Low-Osmolar 

N=338 %=100 

9 2.8 

23 6.8 

11 3.3 

13 4.0 

32 9.8 

88 26.0 

Mean± SO 

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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TMLE 3: DES~JPTION OF ADVERSE REACTIONS TO CX>NTRAST IN THE RAN()()otiZED TRIAl. 

H 1 gh-Osmol ar 

Reactions requiring therapy 13 (1.4%> 

Reactions requiring attention 37 (3.9%> 

of a doctor 

Low-Osmolar 

6 {0.5%> 

10 (0. 9%) 

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 card i ovascu Jar 2 (0.2) 0 

Neurol og i ca I 2 (0.2) 0 

Severe vcmiting 5 (0.5) 0 

Other ( o. 1) 0 0 

Subjectively severe symptans (~ 5 on a scale 0 to 10) 

Warmth 167 ( 1 7.5) 87 

Nausea 69 (7.2) 25 

Vanttlng 21 (2.2) 8 

Prur ltus 29 (3.0) 6 

Pain 13 ( 1 .4) 12 

Dyspnea 9 (0.9) 12 

Chest Pain 6 (0.6) 11 

p 

0.035 

<0.000005 

Treated 

% N 

(0) 0 

(0.3) 

(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 • 0) NS 

(0.9) NS 
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TABLE 4: ADVERSE EVENTS ASSOCIATED WITii OONTRAST IN PATIENTS EXQU~D FROM THE 

RAN[)(J4JZED TR I H... 

Adverse Event High-Osmolar Low-Osmolar 

Total N=716 % N=338 % 

Reaction requiring therapy 11 ( 1 • 5) (0.3) 

Reaction requiring attention 22 (3. 1 ) 5 ( 1 • 5) 

Urticaria 9 { 1 • 3) 2 (0.6) 

Angina 5 (0.7) 0 (0) 

Subjectively severe symptans {~ 5 on a scale 0 to 1 O> 

Warmth 59 {8.2) 29 (8.6) 

Nausea 37 {5. 2) 10 (3. 0) 

Vanitlng 16 {2.2) 2 {0.6) 

Prur l tus 11 ( 1 • 5) 4 { 1 • 2) 

Pain 8 ( 1 • 1 ) 4 ( 1 • 2) 

Dyspnea 7 ( 1 • 0) 4 ( 1 • 2) 

Chest Pain 8 ( 1. 1 ) (0.3) 
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TABLE 5: THE RISK, RELATIVE TO lHOSE AGED OVER 50 YEARS AND WITHOUT OllER RISK 

FACTORS, ASSOCIATED WI~ VARIOUS OiARACTERISTICS BY UNIVARIATE 

ANALYSIS. 

Characteristic 

Prior reaction to 

contrast 

History of "allergy" 

Cardiac disease 

Severe II I ness 

Renal Impartment 

Anxiety 

Diabetes Mel lltus 

Asthma 

High-Osmolar 

Rei ati ve Rl sk 

7.4 

4.4 

3.1 

3.0 

2.4 

2.2 

1.9 

1.4 

95% Cl 

2.3-24 

2.0-10 

1 .2-8 

0. 9-1 o. 1 

0.9-6.8 

0.9-5.2 

0.7-5.5 

0.3-6.6 

Low-Osmolar 

Relative Risk 95% Cl 

9.2 1.1-78 

2.5 0.3-22 

7.9 0.9-63 

6.4 0.4-100 

3.5 0.3-39 

3.5 0.4-30 

1.8 0.1-28 

1.7 0. 1-27 



TABLE 6: FACTORS ASSOCIATED Willi ADVERSE REACTIONS TO <X>NTRAST BY KJLTI­

VARIATE ANALYSIS. 

AI I PatIents 

Risk Factor 

High/Low osmolar contrast 

Prior reaction/No prior 

reaction 

AI lergy/No allergy 

Cardiac disease/No 

cardiac disease 

Odds Ratio 

2.2 

1 .a 

1.6 

1.4 

Patients given high-osmolar contrast only 

Prior reaction/No prior 

reaction 

AI lergy/No allergy 

High volume of contrast/ 

l~ vollJTle of contrast 

1.8 

1.8 

1.3 

95% Confidence Interval 

1.6-2.9 

1.2-2.7 

1.2-2.0 

1.1-1.9 

1.0-3.1 

1.4-2.3 

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 pmol/1 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 1 ow-

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 fai 1 ure (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 diabetes mellitus. Diabetics with a serum 

creatinine greater than 200 pmol/1 pre-contrast had the highest 

risk of deterioration in renal function after contrast. 

Conclusions: Clinically important nephrotoxicity is uncommon after 

high-osmolar contrast and is not completely prevented by low-

osmolar contrast in subjects with renal impairment. Larger studies 
I 

wi 11 be required to define the precise role of 1 ow-osmolar contrast 

for prevention of contrast nephropathy, particularly in diabetics 
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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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IHTRODUCTOB 

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 frequent 

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 question 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 enzymuria and 

proteinuria have suggested that 1 ow-osmolar media may be 1 ess 

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 
I 

with pre-existing renal impairment undergoing cardiac angiography 

found a statistically significantly smaller rise in 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 ~ol/1, 

were included in the study of nephrotoxicity. The protocol included 

repeated measurement of serum creatinine in all such subjects at 
I 

48 to 72 hours after contrast. 

The subjects were stratified into those having cardiac 
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angiography and those having intravenous contrast before 

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 all ow recognition of bias we followed all 

subjects irrespective of randomization status. Table 1 shows the 

number of subjects who were eligible fo·r 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 nephrotoxic! ty 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 

different laboratories, 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 
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in serum creatinine at 48 hour~ 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 pmol/1 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-Whi tney-U t .ests. We used a 1 tai 1 ed 

Q 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 both 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 Q of 0.05 and 

a ~ of 0.2, we required to randomly 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 II 

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 ~ol/1. 

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 pmol/1 in those randomized to high-osmolar and 

-1.5 pmol/1 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 



253 

in the high-osmolar and 4 pmol/1 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 1 ogari thmic 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 1 inear 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 in various risk groups we stratified the randomized 

subjects into four groups: those with a pre-contrast serum 

creatinine between 120 and 200 pmol/1 with and without diabetes, 

and those with a pre-contrast serum creatinine greater than 200 

pmol/1 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 1 ow-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 1 ess than 200 

pmol/1 without diabetes, in 4 of 36 (11 percent) diabetics with a 

serum creatinine less than 200 pmol/1, in 8 of 48 (16.7 percent} 

of those with a serum creatinine greater than 200 pmol/1 without 

diabetes, and in 5 of 15 (33.3 percent) diabetics with a serum 

creatinine greater than 200 pmol/1. 

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 the 

severity of the pre-existing renal impairment and the presence of 

diabetes. In these models the type, volume, and route of 



255 

administration of contrast did not add to the prediction of 

contrast nephropathy. 

DISCUSSION 

This study shows that the level 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) is low whether high- or low-osmolar contrast is 

prescribed. 

The randomized study failed to confirm a clinically important 

role for low-osmolar contrast in prevention of contras: 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 pmol/1 in the change in serum creatinine 

after contrast between high- and low-osmolar media, and no such , 

difference was found. This is contrary to the findings of another 

recent trial (14). 
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Although the data suggest that low-osmolar media may have some 

benefit, we cannot conclude that low-osmolar contrast prevents 

contrast nephropathy in subjects with impaired renal function. If 

the point estimates of incidence in our randomized trial are 

correct one would need to treat 53 subjects of the type in our 

randomized trial with low-osmolar contrast at a marginal cost of 

Can $4770 to prevent one case having a 50 percent rise in serum 

creatinine after contrast. If low-osmolar contrast was reserved for 

those with a pre-contrast serum creatinine of greater than 200 

~ol/1 with or without diabetes one would only need to treat 8 such 

subjects at a marginal cost of Can $720 to prevent one such event. 

It is of interest that the incidence of contrast nephropathy 

was low in our subjects who did not receive any prophylactic 

treatment. In fact, our results are similar to those of others who 

employed a prophylactic fluid loading regimen (12). While avoidance 

of dehydration is desirable the benefits of intentional fluid 

loading or any other prophylactic measure need to be established 

by adequate randomized controlled trials before routine use can be 

reconvnended. 

We chose to use serum creatinine to measure outcome, even 

though it is an insensitive measure of renal function, as it has 

the advantages of being easy to measure and of being able to detect 

clinically important changes in renal · function. Others have used 

enzy~uria to compare the nephrotoxicity of high- and low-osmolar 
I 

contrast, but the results have not been consistent and were often 

of dubious clinical relevance (7-11). 
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We conclude that the incidence of clinically important 

contrast nephropathy is low 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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TABLE 1. Patients with pre-contrast serum creatinine greater than 

120 ~ol/1 who underwent cardiac angiography or had a 

procedure requiring intravenous contrast. 

Randomized 

Cardiac 

Eligible 153 

Serum creatinine 123 

repeated after (80%) 

contrast 

IV 

222 

126 

Total 

375 

249 

(57\) {66\) 

Non-randomized 

Cardiac 

57 

50 

(88%) 

IV 

105 

67 

Total 

162 

117 

(64%) (72\) 



,. 

262 

TABLE 2. Baseline comparison of the randomized groups with post-

contrast serum creatinine avai 1 able. . 

High-osmolar 

Total: N=117 \ 

Male 99 86.6 

Diabetic 12 10.3 

Creatinine > 200 pmol/1 17 14.5 

History of cardiac failure 18 15.4 

Hypertensive 61 52.1 

Bed bound in hospital 11 9.4 

ACE inhibitor 13 11.1 

Calcium channel blocker 49 41.9 

Nonsteroidal 15 12.8 

anti-inflammatory 

Diuretic . 
Type of investigation: 

Cardiac catheterization 

Intravenous pyel ogram 

Computed tomography 

Age (years} 

Systolic blood 

pressure (mmBg} 

Diastolic blood 

pressure (nunBg} 

30 25.6 

64 54.7 

19 16.2 

34 29.1 

Mean ± SO 

64.3 ± 10.7 

140.6 ± 26.5 

75.9 ± 12.1 

Low-osmolar 

N=132 \ 

92 69.7 

24 18.2 

18 13.6 

20 15.2 

77 58.3 

14 10. 6 

15 11.4 

48 36.4 

15 11.4 

31 23.5 

59 44.7 

34 25.8 

39 29.5 

Mean ± SD 

64.0 ± 12.3 

142.8 ± 23.6 

78.2 ± 13.0 
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TABLE 2. continued. 

High-osmolar 

Median (range) 

Serum creatinine (pmol/1) 138 (120-685) 

Serum urea (mmol/1) 9.8 (4-47) 

Contrast volume (rnls) 120 {50-400} 

r 
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Low-osmolar 

Median (range) 

138 (120-572) 

9.9 (4.7-44) 

100 {40-400) 
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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 

Male 36 

Diabetic 4 

Creatinine > 200 pmol/1 13 

History of cardiac failure 8 

Hypertensive 20 

Bed bound in hospital 5 

ACE inhibitor 3 

Calcium channel blocker 5 

Nonsteroidal 9 

anti-inflammatory 

Diuretic 13 

Type of investigation: 

Cardiac catheterization 1 

Intravenous pyelogram 2 

Computed tomography 40 

Mean 

Age (years) 66.4 

Systolic blood 136.0 

pressure (mmHg) 

\ 

83.7 

9.3 

30.2 

18.6 

46.5 

11.6 

7.0 

11.6 

20.9 

30.2 

2.3 

4.6 

93.1 

± SD 

± 11.4 

± 20.1 

Diastolic blood 

pressure (mmHg) 

79.0 ± 11.7 

N=74 

47 

11 

15 

25 

51 

22 

12 

32 

10 

29 

49 

9 

16 

Mean 

67.0 

142.0 

\ 

63.5 

14.9 

20.2 

33.8 

68.9 

29.7 

16.2 

43.2 

13.5 

39.2 

66.2 

12.2 

21.6 

± SD 

± 11.8 

± 29.5 

75.0 ± 15.3 
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TABLE 3. continued. 

High-osmolar 

Median (range) 

Serum creatinine (pmol/1) 159 (120-502) 

Serum urea (mmol/1) 11.8 (6-32) 

Contrast volume (mls) 300 (50-400) 

265 

Low-osmolar 

Median (range) 

141 (120-654) 

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 subjects: 

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 ~ 50\ 4 3.4 2 1.5 1.9 to 5.2 

Scr rise of ~ 44 J.lmOl/1 7 6.0 7 5.3 0.7 to 5.6 

Dialysis required 1 0.8 0 0.8 to 2.1 

Non-randomized subjects: 

High-osmolar Low-osmolar 

N = 43 \ N = 74 \ 

Scr rise of ~ 25\ 10 23.3 8 10.8 

Scr rise of ~ 50\ 2 4.7 3 4.1 

Scr rise of ~ 44 pmol/1 7 16.3 8 10.8 

Dialysis required 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 High-osmolar Low-osmolar 

N \ N \ 

Nondiabetic with serum 3/91 3.3 1/97 1.0 

creatinine < 200 pmol/1 

Diabetic with serum 0/18 2/17 11.8 

creatinine < 200 pmo1/1 

Nondiabetic with serum 1/13 7.6 1/11 9.1 

creatinine > 200 pmol/1 

Diabetic with serum 3/4 75.0 1/7 14.3 

creatinine > 200 pmo1/1 
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ST. JOHN'S. NEWFOUNDLAND AlB 3V6 

CONSENT TO PARTICIPATE IN BIOMEDICAL RESEAROi 

TITI.E: The side effects of 
contrast medt um 

non-tonic compared to tonic 

INVESTIGATORS: Dr.'s Parfrey, P. McManamon, E. Stone 

You are going to have an Imaging procedure which requires injection of 
contrast material Into your blood vessels. You are being asked to 
participate In a research trial of 2 different types of constrast 
material. Participation In 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 wll I be maintained 
by the Investigators. An Investigator wt I I be available during the study 
at I 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 wt I I be given either non­
Ionic or Ionic contrast and neither you or your doctor wll I be 
aware which one It Is. You wl I I complete a short questionnaire 
before and after your test. At the time a needle Is Inserted to 
give the contrast, a blood test may be taken and this wl I I be 
repeated 2 days later, If 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 wit I 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 
likely to be at least as safe than the regularly used medium. If 
your Jntttal blood test shows abnormal kidney function than a 
second blood sample wll I be taken 2 days after your Imaging test 
and may leave a smal I bruise. 

5. Benefits which the subject may receive: The new non-tonic contrast 
may produce less discomfort than the regularly used tonic contrast. 

6. Alternative procedures or treatment for those not entering the 
study: Your Imaging test wit I be undertaken using the regularly 
used ,Jontc contrast. 

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



I , --------------------------------------' the undersigned, agree to 

(my child's, relative's or ward's·---------------------------------

participation In the research study described above. 

I acknowledge that a copy of this form has been offered to me. 

understand that there Is no guarantee that participation wl I I be 

beneficial. 

(Signature of Participant) <Date) 

(Signature of Witness, optional) 

To be signed by lnyestlgator; 

To the best of my ability I have fully explained to the subject the 

nature of this research study. I have Invited questions and provided 

answers. I believe that the subject fully understand the Implications 

and voluntary nature of the study. 

(Signature of Investigator) <Date) 

If appropriate: 

(Signature of Minor Participant> 

Relationship to participant named above------------------------------
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