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Abstract Radiographic contrast media (CM) are necessary to provide x-ray absorption

of the bloodstream; all other observed effects need to be regarded as adverse.
Four types of CM are currently used in diagnostic and interventional cardiology:
ionic high-osmolar CM (HOCM), either ionic or non-ionic low-osmolar CM
(LOCM), and non-ionic iso-osmolar CM (IOCM). Focusing on the potential car-
diovascular effects caused by the CM, there is a clear difference between HOCM
and the LOCM or IOCM. HOCM have a poorer profile due to a higher incidence
of hypotension and electrophysiological effects. To prevent contrast-induced ne-
phropathy, HOCM should be avoided and patients should receive the minimal
dose of LOCM or IOCM with intravenous hydration before and after the proce-
dure. Clinical hyperthyroidism has been detected after CM use, but the condition
appears, ultimately, to be self-limited and to occur mainly in elderly patients.
When assessing the need for a CM in terms of improved patient safety, preventing
serious complications should be the major factor determining the choice. CM
should not be selected on the basis of minor adverse effects since these are,
ultimately, of low clinical relevance. Thrombotic events, in contrast, carry a high
clinical relevance and we consider that these should be the main issue governing
current choice. Ionic LOCM appear to have better profile than other CM with
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respect to interaction with platelet function and coagulation. In relation to throm-
botic events in randomised clinical studies, ionic CM have been associated,
mainly, with favourable and some neutral results compared with non-ionic agents.
Only one trial indicated a more pronounced antithrombotic effect of the non-ionic
IOCM relative to the ionic LOCM. The antithrombotic advantages of ionic over
non-ionic LOCM are, in part, balanced by a greater frequency of minor adverse
effects such as nausea, vomiting or cutaneous rashes. A matter of concern is the
delayed adverse effects observed with non-ionic IOCM. However, severe and
life-threatening reactions are exceptional and there are probably no significant
differences between IOCM and LOCM whether ionic or non-ionic. However, in
patients with known allergies, non-ionic CM are to be recommended. On the basis
of the available pre-clinical and clinical data, the ionic LOCM or the non-ionic
IOCM are the agents to be recommended in percutaneous coronary interventions

because of their antithrombotic advantages over non-ionic LOCM.

Radiographic contrast media (CM) are neces-
sary to provide x-ray absorption of the bloodstream
so as to distinguish vascular and cavity structures
from cardiac tissue. Iodinated CM is used in sev-
eral millions of cardiac catheterisations performed
each year around the world. Conventional CM em-
ployed for cardiovascular imaging consisted of
ionic high osmolar agents but, since 1986, agents
with lower osmolality have been marketed. Re-
cently, additional agents with low osmolality and
different characteristics have become available
and considerable differences of opinion have
arisen as to their possible safety implications.

When assessing the need for CM the important
issue is to improve patient safety, mainly by pre-
venting serious complications. All effects, apart
from radiation absorption, need to be regarded as
adverse.

The chemistry and pharmacology varies be-
tween the different agents and can explain part of
their adverse effects. We review, here, the cardiac
effects: haemodynamic and electrophysiological,
together with the non-cardiac effects: renal, anaphy-
lactoid and thrombogenic. Since our comparisons
are focused mainly on percutaneous coronary in-
terventions (PCI), the thrombogenic effects of the
CM are reviewed in depth. Finally, we take eco-
nomic issues into account in defining an optimal CM.

© Adis International Limited. All rights reserved.

1. Chemical Structures and Osmoilality

Contrast toxicity can be considered to have four
main components: ionicity, osmolality, viscosity
and chemotoxicity.

Four types of CM are currently used in diagnos-
tic and interventional cardiology (figure 1): ionic
monomers (diatrizoate sodium [sodium amido-
trizoate]), ionic dimers (ioxaglate sodium), non-ionic
monomers (iobitridol, iohexol, iomeprol, iopam-
idol, iopromide, ioversol) and non-ionic dimers

lonic Non-ionic
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osmolality | | osmolality osmolality osmolality
Diatrizoate loxaglate lodixanol lohexol
sodium lopamidol

loversol
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Fig. 1. Types of contrast media.
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Fig. 2. High-osmolar contrast media (HOCM).

(iodixanol). The ionic monomers can be divided into
calcium-binding and non-calcium-binding sub-
groups.[12]

The chemical structures of the most common
CM are derivatives of tri-iodinated benzoic acid as
seen in figures 2, 3 and 4.

The primary effect of CM is the attenuation or
absorption of radiation by the iodine component of
the molecule. The ‘imaging effect’ is a function of
the number of iodine atoms and the ‘osmotic ef-
fect’ of the number of particles in solution. The
ratio of iodine atoms to the number of osmotically
active particles is an important factor in minimis-
ing osmolality-related toxicity. Hyperosmolality is
undesirable, partly because of volume overload
but also because it determines much of the cardio-
toxic effect. High-osmolar CM (HOCM) are ionic
monomers with sodium and meglumine ions with
three iodine atoms per two particles (1.5 : 1) [fig-
ure 2]. Low-osmolar CM (LOCM) are either ionic
dimers (ionic low-osmolar) with six iodine atoms
per two particles (3 : 1), or non-ionic monomers
(non-ionic low-osmolar) that have had the sodium
and meglumine ions eliminated and have three io-
dine atoms per particle (3 : 1) [figure 3]. Iso-osmo-
lar CM (IOCM) are non-ionic dimers that have six
iodine atoms per particle (6 : 1) [figure 4]. The os-
molalities of the different CM, relative to plasma,
are shown in figure 5. In practice, the new com-
pounds (IOCM and LOCM) have achieved more
than the theoretical reduction in osmolality. The
new compounds have a tendency to form molec-
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ular aggregates in solution, resulting in a greater
overall reduction in osmolality.

The CM used for coronary angiography and PCI
need to have a high iodine content (figure 5). No
objective differences in relation to image quality
have been detected between these CM.

In general, reducing the osmolality of a CM in-
creases its viscosity. The non-ionic CM have, in
general, higher viscosities at different tempera-
tures, as summarised in figure 6. Theoretically this
can be a limiting factor in achieving high injection
rates and could contribute to stasis in the microcir-
culation. In practice, however, warming the CM to
body temperature reduces the viscosity and its dis-
advantages.

2. Cardiovascular Effects

2.1 Haemodynamic Effects

The haemodynamic responses to bolus injec-
tions of CM are influenced by the interaction of
three different phenomena: the effects on intravas-
cular volume, the effects on myocardial contractil-
ity and the effects on systemic vascular resis-
tance.[?! The arteriolar vasodilation caused by the
CM explains the transitory sensation of warmth
and the decrease in arterial pressure.l*] The magni-
tude of the vasodilation activity is directly related
to the osmolality of each CM and the volume in-
jected. High osmolality agents cause not only more
intense vasodilation than iso-osmolality or low os-
molality agents but also greater increase in left
ventricular end-diastolic pressure. This is due to
the acute expansion of intravascular volume and
the depression of myocardial contractile perfor-
mance.[*! High osmolality agents can cause signif-
icantly more hypotension than non-ionic LOCM
(table I).[1 It is interesting to note that there are
differences in the incidences of hypotension be-
tween the different series of patients studied de-
spite the same agent being used in the investiga-
tions. This can be explained on the basis of the
non-homogeneous definition of hypotension that
had been applied in the different studies.

Drug Safety 2002; 25 (15)
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Fig. 3. Low-osmolar contrast media (LOCM) either ionic or non-ionic.

In normal coronary arteries vasodilatation is of-
ten seen, mainly in relation to the osmolality of
CM. However, coronary artery disease can inter-
fere with the vasomotor reaction of coronary arter-
ies to CM.I% Non-ionic CM (iopramide and iodix-
anol) induced dilatation in normal coronary segments
and constriction in segments close to coronary steno-
sis. Ionic CM (ioxaglate sodium injection) did not
induce significant luminal diameter changes in any
coronary segment. The mechanism responsible for
the divergent vasomotor response is unknown, but
not linked to osmolality. These findings could have
clinical implications as vasoconstriction of coronary
arteries can cause angina pectoris.

2.2 Electrophysiological Effects

Several electrophysiological effects can be ob-
served with selective intracoronary injection of
CM. Of these, three are particularly important clin-
ically: depression of atrio-ventricular nodal con-
duction, depression of sinoatrial automaticity and
increased vulnerability to ventricular fibrillation or
ventricular tachycardia.l'l-121 As shown in table
11,6791 the most frequent electrophysiological ef-
fect is an asymptomatic change in the ECG, mainly
due to T wave inversion which, generally, is a self-
limiting effect. Electrophysiologically relevant
disturbances expected with a high osmolality ionic
agent compared with a non-ionic low osmolality

OH OH
HOCHZCHCHZNH\C/O Ok /NHCHZCHCHZOH
| | | |
OH OH
HOCH,CHCH,NH. _CH,CHCH _NHCH,CHCH,OH
i ) ) i
I _C C [ o]
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lodixanol
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Fig. 4. Iso-osmolar contrast media (IOCM).
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agent indicate clear differences favouring the low
osmolality agent. If low- and iso-osmolality agents
are then compared, there are more clinically rele-
vant effects when using a non-ionic agent. These
differences, however, do not reach statistical sig-
nificance. It is important to note high osmolality
agents containing calcium-chelating additives are
associated with a higher incidence of ventricular
fibrillation compared with similar high-osmolality
agents that do not chelate calcium.!>-13]

Focusing on the potential cardiovascular effects
caused by CM, there appears to be a clear differ-
ence between high osmolar agents and the low or
iso-osmolar agents. High osmolality has the poorer
profile because of a greater incidence of hypoten-
sion and electrophysiological effects, even though
the majority of these adverse effects can be treated
quite easily.

3. Non-Cardiovascular Effects

3.1 Renal Effects

With the increasing use of contrast agents in
diagnostic coronary intervention and PCI, contrast-
induced nephropathy (CN) has become an impor-
tant cause of iatrogenic acute renal impairment.
Patients undergoing these clinical examinations

290 Blood

|IOCM [ 290 | lodixanol 320 mg/ml

LOCM

often present with multiple pathologies and are
more vulnerable to CN, which can lead to substan-
tial morbidity and even mortality.[14.15]

CN is defined as an acute decline in renal func-
tion following the administration of contrast
agents, in the absence of other causes. A rise in
serum creatinine of >25-50%,15-171 or >0.5 mg/dl
(44 umol/L)!'#! above the baseline value, has been
used as a definition of CN. Serum creatinine shows
an acute rise 24—48 hours following the contrast
study, generally peaks at 4-5 days and returns to
baseline value by 7-10 days.['%191 CN may also
present as a more severe acute renal failure, partic-
ularly in high-risk patients. In this situation, oligu-
ria may develop within 24 hours of contrast admin-
istration, with a peak increase exceeding 5 mg/dl
(440 umol/L). A minority of patients become dial-
ysis dependent. Patients undergoing coronary
angiography often have vascular disease else-
where and the differential diagnosis includes ath-
eromatous embolisation, which carries an even
poorer prognosis.l!

The induction of CN is low in patients with nor-
mal renal function and varies between 0 and
10%.15! The incidence of CN is likely to be higher
following interventional procedures rather than

600 | loxaglate sodium 320 mg/ml

792 | loversol 350 mg/m
796 | lopamidol 370 mg/ml

844 | lohexol 350 mg/ml

HOCM [

Diatrizoate sodium
2108 320 mg/ml

mOsm/kg H,O

Fig. 5. Osmolality of different contrast media relative to plasma. HOCM = high osmolar contrast media; IOCM = iso-osmolar contrast

media; LOCM = low osmolar contrast media.
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20°C 37°C
Diatrizoate sodium 18.5 8.9
lohexol 23.3 10.6
loxaglate sodium 15.7 75
lodixanol 25.4 11.4

Fig. 6. Viscosity (in centipoise) of contrast media in relation to
temperature.

after diagnostic coronary angiography. McCullough
et al.[20] observed an incidence of CN of 14.5% in
non-selected patients undergoing PCI. An inci-
dence of CN ranging from 12-27% has been re-
ported in several prospective studies.[?!-23] Inci-
dences of up to 40-50% have been described in
high-risk patient populations.[!424.25]

The pathogenesis of CN is complex. It is widely
accepted that ischaemic damage to the renal me-
dulla, secondary to renal vasoconstriction, and a
direct toxic effect of the contrast agent on the renal
tubular cells, are of considerable importance. The
nature of the contrast agent, associated ions, con-
centration, and concomitant hypoxia are all impor-
tant in the degree of cellular damage, while the
osmolality of the solution appears to be of second-
ary importance.?9 Alterations in the metabolism
of prostaglandin, nitric oxide, endothelin, or aden-
osine may play a role.[!8!

Patients most at risk are those with impaired
renal function, as judged by an increase in serum
creatinine concentration. The risk appears to rise
exponentially with the creatinine elevation.!?”] Re-
nal impairment prolongs the elimination half-life

of the contrast agent, which leads to longer expo-
sure of the damaged kidney to these agents. The
presence of diabetes mellitus further amplifies this
risk and leads to an approximate doubling of the
incidence.[?3-26 Patients with diabetes mellitus and
pre-existing renal insufficiency represent a group
with an extremely high risk of developing CN. Di-
abetes mellitus per se, without renal impairment,
is not a risk factor.!23] Other factors (table III) that
increase the risk include the volume and the con-
centration of the CM employed,?8! advanced age
of the patient, congestive heart failure, dehydra-
tion, nephrosis, cirrhosis or concurrent use of po-
tentially nephrotoxic drugs such as nonsteroidal
anti-inflammatory drugs and ACE inhibitors.!!>-17]
Multiple myeloma has been suggested as a risk fac-
tor for CN but recent studies failed to demonstrate
an increased risk in these patients.[2%]

The most effective measure in preventing CN is
oral or intravenous hydration at the time of CM
administration. Many protocols?223:301 have em-
ployed 0.45% saline at 100-150 ml/h with urine
volumes 75-125 ml/h. Patients with evidence of
renal impairment should receive 1L of saline in the
12 hours before and a further 1L in the 12 hours
after CM administration.!!”! In urgent cases involv-
ing patients with elevated serum creatinine, a reg-
imen of 500ml saline over half an hour followed
by IL in the subsequent 12 hours has been sug-
gested.?®] In all patients with pre-existing renal
dysfunction, serum creatinine level should be
checked at 1 and 4 days post-procedure.

Barret and Carlisle performed a meta-analysis
of all randomised trials available prior to the end

Table I. Haemodynamic effects of contrast media (% of patients with hypotension)

Diatrizoate sodium loxaglate sodium lodixanol Non-ionic LOCM p-Value Reference
(HOCM) (ionic LOCM) (IoCM)

5.4 N/A N/A 0.4 <0.0001 6

N/A 1.4 0.32 0.54 NS 7

N/A 10 8.4 N/A NS 8

N/A 11.3 N/A 12.4 NS 9

HOCM = high-osmolar contrast media; IOCM = iso-osmolar contrast media; LOCM = low-osmolar contrast media; N/A = data not available;

NS = non-significant.

© Adis International Limited. All rights reserved.
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Table Il. Electrophysiological effects of contrast media (% of patients)

Diatrizoate sodium  loxaglate lodixanol Non-ionic LOCM  p-Value Reference
(HOCM) sodium (IOCM)
(ionic LOCM)
Bradycardia N/A 3 N/A 10.5 0.06 9
8.5 N/A N/A 0.8 <0.0001 6
Tachyarrhythmia 0.8 N/A N/A 0.3 NS 6
Cardiac arrest N/A 0.46 0.16 0.27 NS 7
VT/VF N/A 0 N/A 2.9 0.08 9
ECG changes N/A 45 11.3 12.6 <0.001 7
T wave inversion N/A 39.3 7.9 7.18 <0.001 7

HOCM = high-osmolar contrast media; IOCM = iso-osmolar contrast media; LOCM = low-osmolar contrast media; N/A = data not available;
NS = non-significant; VT/VF = ventricular tachycardia/ventricular fibrillation.

of 1991.5311 Pooled probability values suggested a
reduction in nephrotoxicity with low-osmolality
media; albeit of borderline statistical significance.
The risk of developing CN was about 50% less
with LOCM in patients with pre-existing renal in-
sufficiency. In a multicentre study, the incidence
of CN in patients with diabetic nephropathy was
27% following the administration of HOCM and
12% following LOCM.2! The available data sug-
gest that the use of the ionic LOCM agent ioxaglate
sodium can reduce the risk of CN, at least to the
same extent as that which occurs with non-ionic
LOCM.B A recent study showed that the IOCM
agent iodixanol may be slightly less nephrotoxic
than the non-ionic LOCM agent iohexol.[3%]
Diuretics, dopamine, theophylline, atrial natri-
uretic peptide and calcium channel antagonists
cannot be routinely recommended to prevent CN
since the currently available data regarding their
use are equivocal.[?] Preliminary studies suggest
that fenoldopam may be beneficial.['8] Consider-
able speculation has resulted from preliminary
studies assessing the use of acetylcysteine in pa-
tients with chronic renal failure receiving CM.[33-3%]
This drug demonstrated a favourable effect on CN,
which is thought to be the result of its antioxidant
activity. Diabetic patients with renal insufficiency
who are receiving the antihyperglycaemic agent
metformin, may have an accumulation of this
agent in body tissues which may induce lactic ac-

© Adis International Limited. All rights reserved.

idosis. Current guidelines suggest discontinuation
of metformin 48 hours before an angiographic pro-
cedure or, if this is not possible, patients should be
monitored for evidence of change in renal function
or lactic acidosis.[#8]

In summary, the most effective strategy for the
prevention of CN is a careful procedure selection
and patient assessment. Risk factors for CN should
be corrected before exposure to contrast agents.
Patients with no correctable risk factors should re-
ceive the minimal dose of low- or iso-osmolality
CM with intravenous hydration before and after
the procedure. Serum creatinine levels should be
monitored for several days following the proce-
dure.

Table lll. Risk factors for contrast nephropathy

Advanced age

Pre-existing renal impairment

Diabetes mellitus

High dose of contrast media

Decrease in effective arterial volume
Congestive heart failure
Dehydration
Nephrosis
Cirrhosis

Concurrent use of nephrotoxic drugs
Nonsteroidal anti-inflammatory drugs
ACE inhibitors

Drug Safety 2002; 25 (15)
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3.2 Hypersensitivity Reactions

Hypersensitivity reactions to CM during car-
diac catheterisation are of considerable concern
because of their high frequency and the potential
morbidity associated. The frequency of immediate
reaction is higher with ionic CM of high or low
osmolality compared with non-ionic CM.[36-41]
However, severe anaphylactic reactions are ob-
served in only 0.04—0.22% of procedures.[*?! The
recurrence rate of reactions to ionic contrast mate-
rial is 16-44% in patients who have had a previous
reaction.[*! The risk of having a breakthrough re-
action, despite LOCM and corticosteroid premed-
ication, is approximately 10%.[43]

Increased levels of plasma histamine and
tryptase have been described in patients with im-
mediate reactions to CM, and the increase
correlates with the severity of the reaction.l*!l
Complement activation has been demonstrated by
numerous authors,*4! but this could be a conse-
quence of tryptase release and not the initiating
mechanism of histamine release.!*!]

Factors that could indicate an increased propen-
sity towards an adverse reaction to contrast agents
include a history of allergy, asthma, drug allergy,
food or seafood allergy, a previous serious adverse
reaction to CM, serious cardiac abnormalities, re-
nal insufficiency, diabetes mellitus and pheo-
chromocytoma.l*0-41] Individuals with an immuno-
globulin E-mediated allergy to drugs, food or
environmental antigens have a 2-fold increased
risk for an adverse reaction to CM.[39-40.43]

Adverse reactions categorised as being allergy-
like include sneezing and nasal congestion, hives,
itching, rash, and swelling; laryngeal oedema;
bronchospasm; and anaphylaxis. Other reactions
include rigors (chills, fever); seizures; numbness;
malaise and achiness; and pulmonary oedema,
chest pain and hypertension.’”! With respect to
breakthrough reactions, patients whose initial re-
action was anaphylactic are at a particularly high
risk. If the initial reaction was mild, then the break-
through reaction is, frequently, mild as well. Se-

© Adis International Limited. All rights reserved.

vere or life threatening reactions, have been ob-
served in 24% of these patients.[*3]

Several studies have demonstrated significantly
higher incidences of adverse reactions soon after
cardiac catheterisation using ionic CM than when
non-ionic CM had been used. In the studies of
Gertz et al.[*9) and Wisnesky et al.*7! early reac-
tions attributable to the contrast agent occurred
more frequently in the ionic LOCM (ioxaglate so-
dium) group than in the non-ionic LOCM
(iopamidol) group. Fransson et al.[*8! documented
similar findings when ioxaglate sodium was com-
pared with the non-ionic agent iodixanol. Signifi-
cantly fewer early adverse contrast-related reac-
tions occurred in the iodixanol group. In the study
of Sutton et al.[”! the incidence of early reactions
(nausea, vomiting or cutaneous rashes) to CM in
diagnostic cardiac catheterisation was lower with
the use of either of the two non-ionic agents
(iopamidol, iodixanol) compared with the ionic
agent ioxaglate sodium. However, delayed adverse
effects (skin reactions) were observed mainly with
iodixanol and severe reactions were seen equally
with ioxaglate sodium and non-ionic CM.7]

The combination of LOCM, non-ionic agents
and a corticosteroid premedication regimen has
been advocated to reduce the likelihood of an ad-
verse reaction.38491 Diphenhydramine and ephe-
drine or cimetidine, or both,[*3 have been incorpo-
rated in some protocols. CM should be used with
caution in patients who have had prior reactions,
despite a corticosteroid premedication being pre-
scribed. This is particularly important if the patients
have a history of seafood allergy or of hayfever.[43]
A previous serious reaction to ionic CM requires
corticosteroid premedication and use of a non-
ionic CM.[40]

3.3 Effects on Thyroid Function

Iodinated CM can cause thyroid biochemistry
changes without clinical manifestations or real thy-
roid dysfunction; either hyperthyroidism or hypo-
thyroidism.’% However, measurement of serum
thyroxine or thyroid-stimulating hormone is rarely

Drug Safety 2002; 25 (15)
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performed as a routine pre-catheterisation labora-
tory test. Clinical hyperthyroidism has been de-
tected in up to 3% of cases after non-ionic CM
radiography, but the condition appears, ultimately,
to be self-limited and occurs mainly in elderly pa-
tients.31:32] Fassbender3) prospectively studied
thyroid function in 102 euthyroid patients under-
going coronary angiography. Thyroid function para-
meters (thyroxine, thyroid-stimulating hormone)
were significantly altered independent of antibody
status and the amount of CM administered, but
clinical hyperthyroidism was not observed in any
patient. In young patients from iodine non-deficient
areas, self-limited hypothyroidism can occasion-
ally be detected after CM use.’% There is need for
greater awareness of how different CM compare
clinically with respect to thyroid function, espe-
cially in the current era of an increasingly ageing
population.

4. Thrombogenic Effects

4.1 In Vitro Studies

Thrombotic complications occurring during
PCI can be influenced by the type of CM used
(table IV). Four interactions with CM need to be
highlighted in relation to haemostasis: platelet

Table IV. Thrombogenic effects of contrast media (in vitro studies)

function, coagulation factors, fibrinolytic agents
and the endothelium.[>4-68]

Platelet activation can be studied in vitro by an-
alysing platelet degranulation. In the presence of
the ionic LOCM agent ioxaglate sodium or the
IOCM agent iodixanol®3%631 no platelet degran-
ulation has been detected. Conflicting data have
been obtained with the ionic HOCM agent
diatrizoate sodium; either no degranulation!5455]
or considerable platelet degranulation.’®! Pro-
found platelet degranulation was detected in all the
studies with non-ionic LOCM agents.[54:55:59.63]

When mixed with CM, platelet activators like
collagen or adenosine diphosphate (situations that
occur in PCI) caused considerable platelet activa-
tion (non-ionic CM agents, iodixanol and iohexol)
or no activation (ionic CM agent, ioxaglate so-
dium).[0 [n vitro platelet secretion of [-
thromboglobulin, as an expression of platelet acti-
vation, was observed with iohexol but not with
iodixanol or ioxaglate sodium.[®!]

Platelet activation can also be measured as the
invitro bleeding time. When CM was administered
following heparin, the bleeding time was higher
in those who received the ionic CM agent diatri-
zoate sodium compared with non-ionic CM agent

Mechanism Test Diatrizoate loxaglate lodixanol Non-ionic Reference
sodium sodium (IoCM) LOMC
(HOCM) (ionic LOCM)
Platelet Direct activation +/0 0 0 +++ 54,55,59,63
Effect on platelet activation N/A 0 +/0 ++ 60-63
Bleeding time/PFA100™ + ++ + + 56,58
Coagulation Factor Xa generation -— -— N/A - 65
aPTT increase ++ +++ N/A + 65
TT increase +++ + N/A ++ 65
Clot lysis Optimal reperfusion - 0 N/A - 66
Endothelium Secretion prothrombotic agent +++ 0 N/A 0 67
Platelet adhesion +++ 0 N/A 0 67

0 = no effect; number of + or — denotes degree of increase or decrease, respectively; aPTT = activated partial thromboplastin time;
HOCM = high-osmolar contrast media; IOCM = iso-osmolar contrast media; LOCM = low-osmolar contrast media; N/A = data not available;

PFA 100™ = platelet function analyser; TT = thrombin time.

© Adis International Limited. All rights reserved.
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iohexol.[% More recently, the anti-aggregation ef-
fect of CM has been measured with the platelet
function analyser PFA-100™ that quantifies mem-
brane closure time. When three different CM were
compared3! they caused prolongation of the mem-
brane closure time, but the antiplatelet effect of the
ionic CM agent ioxaglate sodium (prolongation:
300 seconds) was significantly (p < 0.05) greater
than that of the non-ionic CM agents, iodixanol
(179 seconds) and iohexol (171 seconds).

Also, as has been demonstrated,®3] ionic CM
agents (diatrizoate sodium, ioxaglate sodium) are
more potent inhibitors of thrombin formation and
function (inhibition of tissue factor-dependent fac-
tor Xa generation, of the prothrombinase complex,
and of thrombin binding to fibrin) than non-ionic
CM agents (ioversol). The final clinical result
would be that of a greater prolongation of activated
partial thromboplastin time with ionic CM.[65]

In general, ioxaglate sodium appears to have a
better profile than other CM when interaction of
these agents with platelet function and coagulation
are considered.

In an animal model, the administration of
diatrizoate sodium or iohexol before thrombolytic
therapy delayed reperfusion, compared with
ioxaglate sodium.[®61 CM inhibition of pharmaco-
logical fibrinolysis appears to be related to ionic as
well as osmolar properties.

Possible endothelial injury caused by CM has
been reported. Fauser et al.[71 analysed the secre-
tion of different prothrombogenic substances by
the endothelium in contact with three different CM
(diatrizoate sodium, ioxaglate sodium and io-
pamidol). Diatrizoate sodium had the worst profile
with significantly increased secretion of von
Willebrand factor. Ioxaglate sodium and iopam-
idol had lesser and/or a similar degree of effect.
Riemann et al.[%] also studied the effect of diatri-
zoate sodium, ioxaglate sodium and ioversol and
they also found that diatrizoate sodium had the
worst profile while ioxaglate sodium and ioversol
had similar effects. CM alteration of endothelial
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cells appears to be related to osmolality but not to
ionicity.

4.2 Large-Scale Clinical Trials

Several trials (table V)[89:69-80] have been con-
ducted to evaluate differences between CM in PCI.
The hypothesis has been that CM following arterial
injury produced by coronary angioplasty or stent-
ing could result in varying degrees of platelet de-
position and coronary thrombosis. Thromboembo-
lism is an inherent risk when catheters and guide
wires are introduced into the vascular system and
it increases with intervention procedures that re-
quire prolonged catheter manipulation with ac-
companying endothelium disruption.

In 1991, Gasperetti et al.[%] were the first to
retrospectively assess the incidence of coronary
thrombus (intraluminal filling defect, distal
embolisation) in 124 consecutive patients under-
going coronary angioplasty and receiving either
diatrizoate sodium (n = 57) or iopamidol (67). New
thrombi were seen in 4% of diatrizoate sodium and
18% of iopamidol recipients (p < 0.02). Acute
myocardial infarction was only observed in
iopamidol recipients (6%). In particular, patients
with recent myocardial infarction or resting angina
pectoris or with an eccentric coronary plaque were
more likely to develop a new thrombus. Non-car-
diac complications were not different between
groups. This was a retrospective non-randomised
study involving a small number of patients without
control of activated clotting time (ACT) during the
procedures (10 000IU initial bolus of heparin).

Lembo et al.,[" in 1991, evaluated the compli-
cations of coronary angioplasty in 1058 procedures
in 913 patients who were prospectively ran-
domised to receive either diatrizoate sodium (n =
551) or iopamidol (507). Ventricular tachycardia
or fibrillation developed in 2.5% of diatrizoate so-
dium and 1% of iopamidol recipients (p = 0.045),
but there were no differences in the frequency of
hypotension (9.5 vs 8.5%), bradycardia (5.1 vs
5.7%), myocardial infarction (6.8 vs 6.1%) or
death (0.4 vs 0.2%). The purpose of this study was
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Table V. Thrombogenic effects (clinical trials)
Reference Year No. of Endpoint Contrast media Thrombogenic  p-Value Increased
patients definition (CM) effects clinical
(% patients) events
Gasperetti etal.®% 1991 124 AT Diatrizoate sodium 4 p < 0.02 NS
lopamidol 18
Lembo et al.’% 1991 913 Diatrizoate sodium N/A VT/VF
lopamidol N/A
Esplugas et al.[""] 1991 100 AT loxaglate sodium 2 p < 0.005 NS
lohexol 22
Piessens et al."2 1993 500 AT loxaglate sodium 3.2 p <0.05
lohexol 7.2 AMI
Lefévre et al.[’3 1994 64 Platelets loxaglate sodium N/A p < 0.004 N/A
(SEM)
lopamidol N/A
Grines et al.l% 1996 211 (ACS) DCF loxaglate sodium 8.1 p=0.04
lohexol 17.8 IE
Qureshi et al.l’ 1997 30 (ACS) Thrombus loxaglate sodium 333 p =0.028 N/A
(AG)
lohexol 73.6
Malekianpour 1998 205 (ACS) AT loxaglate sodium 10.6 NS NS
et al.l’s]
lopamidol 16.3
Lefévre et al.[7®] 1998 771 ACC loxaglate sodium 21 p=0.03 NS
lopamidol 4.9
Schrader et al.l””) 1999 2000 ACC loxaglate sodium 7.4 NS NS
lomeprol 6.0
Batchelor et al.l"8! 2000 454 (AMI) loxaglate sodium N/A
Non-ionic CM N/A IE
Bertrand et al.["9] 2000 1411 ACC loxaglate sodium 3.4 NS NS
lodixanol 2.6
Davidson et al.[®] 2000 815 (ACS) ACC loxaglate sodium 2.4 p < 0.05 IE
lodixanol 0.7
Scheller et al.[8% 2001 3990 ACC loxaglate sodium 0.3 p = 0.001
Non ionic CM 1.3 IE

ACC = acute coronary closure; ACS = acute coronary syndrome ; AG =angioscopy; AMI = acute myocardial infarction; AT = angiographic
thrombus; DCF = decreased coronary flow; IE = ischaemic events; SEM = scanning electron microscopy; N/A = data not available; NS =
non-significant; VT/VF = ventricular tachycardia/ventricular fibrillation.

to determine the clinical complications. Unfortu-
nately, however, no attempt had been made to
quantify the incidence of coronary thrombus re-
lated to coronary angioplasty, and ACT was not
available (heparin 10 000IU initial bolus and
50001IU after 1 hour).

Alsoin 1991, Esplugas et al.l”!l were the first to
compare two different LOCM in relation to the
incidence of thrombus formation during coronary
angioplasty. The patients (n = 100) were prospec-
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tively randomised to ioxaglate sodium (50) or
iohexol (50) groups to assess the incidence of cor-
onary thrombus formation (intraluminal filling
defect, total occlusion without dissection). New
thrombi were observed in 2% of patients receiving
ioxaglate sodium and 22% of patients receiving
iohexol (p < 0.005). The occurrence of acute myo-
cardial infarction was not significantly different
between ioxaglate sodium and iohexol treatment
groups (2 and 4%, respectively). Non-cardiac
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complications were not statistically different be-
tween the groups. There were no deaths associated
with either treatment. The limitations of this study
were the small number of patients involved and
the absence of ACT during the procedures (heparin
10 000IU initial bolus and 2500IU after 2 hours).
The high incidence (7% overall) of thrombotic
residues seen on the guidewire immediately after
the procedure was associated with the use of first-
generation non-teflon coated guidewires which is
a limitation, by today’s standard, of all the proce-
dures conducted in the late 1980s.

Piessens etal.,[”?1in 1993, prospectively studied
500 consecutive patients randomised to ioxaglate
sodium (n = 250) or iohexol (250) groups during
coronary angioplasty. The purpose of the study
was to evaluate the incidence of thrombotic events
during (intraluminal filling defect, total occlusion)
or after (ischaemic pain and/or ST-segment
changes with angiographic confirmation) the pro-
cedure. In-laboratory thrombotic events were seen
in 3.2% of ioxaglate sodium and in 7.2% of iohexol
recipients (p < 0.05). Out-of-laboratory thrombotic
events were not significantly different between
ioxaglate sodium (7.2%) and iohexol (5.6%) recip-
ients. The lower incidence of in-laboratory throm-
botic events in the ioxaglate sodium group, com-
pared with the iohexol group, was clinically
reflected in the smaller proportion of acute myo-
cardial infarctions (0 vs 1.6%; p < 0.05). As the
authors stated, the differences between the in-lab-
oratory and out-of-laboratory events can be ex-
plained by the short half-life of CM, i.e. by the time
the patient is discharged from the catheterisation
laboratory, the pharmacological effects of the CM
will have waned considerably. As with previous
studies, the angiographic definition of thrombus
may have underestimated the real incidence, but
this shortcoming applied to both groups. ACT was
not used (heparin 10 000 initial bolus, 1000 IU/h
infusion and 5000IU after 1 hour). There were no
statistically significant differences between groups
with respect to other complications. Severe bron-
chospasm occurred in one asthmatic patient with
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ioxaglate sodium but this was effectively treated
medically.

In 1994, Lefevre et al.[”3l, were the first to
search, using scanning electron microscopy, for
the presence of thrombotic material on the guiding
catheter and guide wires. They randomised 64 pa-
tients with stable angina pectoris, type A coronary
lesions and ACT monitoring (10 000IU initial bo-
lus of heparin) either to ioxaglate sodium (n = 32)
or iopamidol (32). Angiographic filling defects
were observed in four patients (13%) in the
iopamidol group and no patients in the ioxaglate
sodium group. This difference was not significant.
The numbers of thrombotic elements (erythro-
cytes, platelets and constituted thrombus) ob-
served on the guiding catheters were negligible in
both groups. There were significant differences (p
< 0.004) in the numbers of platelets observed on
the guide wires but not in the number of ery-
throcytes and constituted thrombi. It has to be
emphasised that this study was performed in a
small number of low-risk patients under strictly
standardised conditions. The short time that the
guiding catheter (31 minutes) and the guide wire
(17 minutes) had been in the circulation raises the
question of the amount of thrombotic material in
complex procedures and high-risk patients.

Grines et al.,[l in 1996, were the first to study
patients (n = 211) with a high likelihood of having
a hypercoagulable status. Patients were ran-
domised to ioxaglate sodium (106) or iohexol
(105) if they had acute coronary syndrome: unsta-
ble angina pectoris (24%), acute myocardial in-
farction (43%) or post-infarct angina pectoris
(33%). All the coronary angioplasty procedures
were monitored with an ACT time >350 seconds
(heparin 10 000IU initial bolus and 2500-50001U,
if required). The primary endpoints were an-
giographic evidence of intermittent patency (re-
duction of 1 or more Thrombolysis In Myocardial
Infarction [TIMI] grade flow compared with base-
line), thrombus formation or distal embolisation
during the procedure. Secondary endpoints were
recurrent ischaemia and the necessity for repeat
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revascularisation. Patients receiving ioxaglate so-
dium were significantly less likely to have de-
creased flow compared with patients receiving
iohexol (8.1 vs 17.8%; p = 0.04). Obvious throm-
bus (2 vs 3%), abrupt closure (3 vs 3%) and distal
embolisation (1 vs 3%) were similar between
ioxaglate sodium and iohexol groups. However,
patients receiving ioxaglate sodium had fewer re-
current ischaemic events requiring repeat
catheterisation (3 vs 11.4%; p = 0.02) and repeat
angioplasty during the initial hospitalisation (1 vs
5.8%; p = 0.06). The lack of correlation between
angiographic evidence of thrombus and the clinical
outcome findings may be explained by difficulty
in diagnosing thrombus. There is also the possibil-
ity that the formation of small thrombi and the oc-
currence of microembolisations may only manifest
as transient episodes of decreased coronary flow.
Non-cardiac adverse effects were not statistically
different between the groups, but patients receiv-
ing ioxaglate sodium tended to have a lower inci-
dence of severe bradycardia (3 vs 10.5%; p =0.06)
or ventricular fibrillation or tachycardia (0 vs
2.9%). This study had the limitation of small sam-
ple size that required a composite primary end-
point of ‘soft’ parameters. The intermittent vessel
patency (reduction of TIMI flow) may not be easy
to appreciate and is of uncertain clinical signifi-
cance. The in-laboratory ACT was not reported but
it was higher in the ioxaglate sodium group, post-
procedure.

Qureshi et al.,[”#1 in 1997, were the first to eval-
uate the effect of CM on thrombus generation us-
ing percutaneous intracoronary angioscopy. Pa-
tients (n = 30) with unstable angina were
randomised to either ioxaglate sodium (15) or
iohexol (15) groups and underwent angioscopy
pre- and post-angioplasty. The number of patients
with angioscopically visible thrombus, observed
pre-angioplasty, was not significantly different in
the ioxaglate sodium (n = 10) and iohexol (8)
groups. Post-angioplasty, five patients (33.3%) in
the ioxaglate sodium and 11 (73.6%) in the iohexol
group developed new thrombi (p = 0.028). Al-
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though small with respect to the numbers of pa-
tients, this study used the most highly specific
method for thrombus diagnosis.

In 1998, Malekianpour et al.[’3] randomised 205
patients to ioxaglate sodium (n = 103) or iopamidol
(102) if they had unstable angina pectoris, but ex-
cluded those with acute myocardial infarction and
complete occlusion of the culprit vessel. The end-
points considered were angiographic thrombus,
myocardial ischaemia, acute myocardial infarc-
tion, repeat angioplasty or surgery, and death. To
reduce the difficulty in diagnosing thrombus an-
giographically, films were analysed independently
by two interventional cardiologists and two car-
diac radiologists. There was a nonsignificant trend
towards more thrombi in the iopamidol group
(16.3%), compared with the ioxaglate sodium
group (10.6%). There were no appreciable differ-
ences in other clinical endpoints. The study had the
limitations of small sample size and ACT not being
routinely measured during the procedure (heparin
10 000IU initial bolus and 5000IU after 1 hour),
which could be an important limitation in these
high-risk patients.

Lefévre et al.,[7% in 1998, were the first to study
the influence of CM on the results of angioplasty
in the era of coronary stenting. They compared 771
consecutive patients dilated using ioxaglate so-
dium (n = 384) or iopamidol (387). The measured
ACT was above 300 seconds (heparin 7500IU ini-
tial bolus and 2500IU if needed). Significantly
fewer patients in the ioxaglate sodium versus the
iopamidol group experienced acute coronary clo-
sure (2.1 vs 4.9%; p = 0.03) and bailout stenting (2
vs 4.9%; p = 0.04). There were no significant dif-
ferences between the ioxaglate sodium and
iopamidol groups in terms of acute myocardial in-
farction (0.5 vs 0.75%) and death (0.8 vs 0.3%).
The ACT at the same heparin dosage was signifi-
cantly higher with ioxaglate sodium. This study
was, however, non-randomised.

In 1999, Schrider et al.’”! performed a double-
blind study of 2000 patients randomised to ioxagl-
ate sodium (n = 999) or to iomeprol (1001). The
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primary endpoint was abrupt vessel closure in-lab-
oratory or out-of-laboratory (ischaemic pain
and/or ST-segment changes with angiographic
confirmation of vessel closure). Secondary end-
points were myocardial infarction and death. There
were no significant differences between ioxaglate
and iomeprol in abrupt closure either in-laboratory
(3 v8 2.9%) or out-of-laboratory (4.1 vs 3.1%), or
in acute myocardial infarction (2 vs 1.8%) and car-
diac death (0.2 vs 0.2%). The clinical decision for
stenting was at the discretion of the operator (25.7
vs 31.6%; p < 0.004). The stents were used, pre-
dominantly, for the treatment of dissection or an
unsatisfactory angiographic result following bal-
loon angioplasty. There were no significant differ-
ences in endpoints between both CM groups, either
in patients with or without stents. One case of bron-
chospasm requiring therapy was seen with ioxagl-
ate sodium. The ACT was not measured, but all
patients received a very high initial heparin bolus
of 20 000 IU. The true incidence of acute myocar-
dial infarction may have been underestimated
since post-angioplasty creatine kinase levels were
measured only in symptomatic patients, or when
ECG changes occurred.

In 2000, Batchelor et al.[’8] studied the patients
in the Global Use of Strategies to Open Occluded
Coronary Arteries in Acute Coronary Syndromes
(GUSTO) IIb trial who had primary angioplasty for
acute myocardial infarction. The patients received
either ioxaglate sodium (n = 181) or non-ionic
LOCM (273), mainly iohexol, ioversol or
iopamidol. Selection of CM was left to the discre-
tion of the investigator and recorded on the case
report form. The intention-to-examine outcomes
with respect to the type of CM were defined a pri-
ori. The primary endpoint was a triple composite
(death, reinfarction and refractory angina pectoris
at 30 days), which occurred less frequently in the
ioxaglate sodium versus the non-ionic LOCM
group (5.5 vs 11%; odds ratio [OR] 0.47; 95% CI
0.23-0.99; p = 0.044). Although the differences
were no longer statistically significant after adjust-
ment for imbalance in baseline characteristics (OR
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0.48 [95% CI10.22—-1.02]; p = 0.055), the trend per-
sisted in favour of ioxaglate sodium. The retro-
spective design of this study with inter-group dif-
ferences at baseline introduced bias into the
comparisons of outcomes and which the authors
attempted to reduce with statistical adjustments.
No intracoronary stents or glycoprotein IIb/Illa in-
hibitors had been used.

Also in 2000, Bertrand et al.[’1 published the
Visipaque in Percutaneous Transluminal Coronary
Angioplasty (VIP) trial, which was a randomised
double-blind study of 1411 patients receiving ei-
ther ioxaglate sodium (n = 714) or iodixanol (697).
Measured ACT was above 300 seconds (heparin
10 000IU initial bolus). Intracoronary stents were
allowed but pre-treatment with glycoprotein
[Ib/IITa antagonists was not. The primary endpoint
was a composite of major adverse cardiac events
including death, stroke, myocardial infarction, cor-
onary bypass and re-angioplasty after 2 days. No
significant differences were observed in patients
experiencing major adverse cardiac events be-
tween the ioxaglate sodium and iodixanol groups
(3.9 vs 4.7%). Neither were there differences in
thrombus formation (2.1 vs 2.4%) or in acute cor-
onary closure (3.4 vs 2.6%). Hypersensitivity reac-
tions, mainly nausea, vomiting and rash, occurred
less frequently with iodixanol than with ioxaglate
sodium (2.5 vs 0.7%; p = 0.007). One patient re-
ceiving ioxaglate sodium had anaphylactoid
shock. Intracoronary stent implantation was sim-
ilar in both the ioxaglate sodium and iodixanol
groups (60.9 vs 59.8%). Patients who underwent
stent implantation had a 4.6% chance of develop-
ing major adverse cardiac events; the chance was
3.3% when stenting was planned and 5.3% when
unplanned. The rate for non-stented patients was
3.9% (p = NS). Glycoprotein IIb/IIla antagonists
were given during or after the angioplasty proce-
dure in patients with abrupt closure, stent occlu-
sion, or coronary dissection; 11 patients had re-
ceived ioxaglate sodium and 12 patients had
received iodixanol. As indicated by the authors,
during the planning phase of the study a stenting
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rate of 40% of patients had been anticipated. How-
ever, as the indications for implantation of in-
tracoronary stents increased during the late 1990s,
the actual data showed a rate of 60% stenting. This
could have contributed to a lower major adverse
cardiac events rate than expected (4.3% instead of
the 6% anticipated) and may have affected the abil-
ity to detect a difference between the CM groups.
As previously stated, the glycoprotein IIb/IIla in-
hibitors were not allowed before the procedure
which was performed in patients with unstable an-
gina (50%), stable angina (40%) and silent isch-
aemia (10%).

Davidson et al.[®¥ in 2000, published the Con-
trast Media Ulilization in High-Risk PTCA Trial
(COURT), which was a randomised double-blind
study of 815 high-risk patients receiving either
ioxaglate sodium (n = 410) or iodixanol (405).
High-risk patients were defined as angina at rest
(54%) or evolving Q or non-Q wave myocardial
infarction (32%) or post-infarction angina pectoris
(14%). Patients undergoing angioplasty for acute
coronary syndromes with any FDA-approved de-
vice were eligible (492 balloon, 255 stent, 47
rotablator, 11 laser and 4 directional coronary
atherectomy). Device selection was at the discre-
tion of the operator. The primary endpoint was a
composite of in-hospital major adverse cardiac
events including death, stroke, systemic arterial
thromboembolic event, myocardial infarction,
abrupt coronary closure, re-catheterisation or re-
angioplasty, and bypass surgery. ACT had to be
above 300 seconds. The use of a glycoprotein
[Ib/IIIa antagonist (abciximab) was left to the dis-
cretion of the operating physician and was 42% in
each group. The major adverse cardiac events end-
point was more frequent in those receiving ioxagl-
ate sodium compared with those receiving
iodixanol (9.5 vs 5.4%, p = 0.004). In patients re-
ceiving abciximab, the number of patients experi-
encing major adverse cardiac events was not sig-
nificantly different between of the ioxaglate
sodium cohort (20; 11.5%) and the iodixanol co-
hort (18; 10.5%). However, in patients not receiv-
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ing abciximab, the occurrence of major adverse
cardiac events was significantly greater in the
ioxaglate sodium group (19; 8.1%), compared with
the iodixanol group (4; 1.7%; p = 0.001). The re-
sults of this trial are in discordance with all the
others previously reviewed. It is the only study to
demonstrate a more pronounced, and clinically rel-
evant, anticoagulant effect with the non-ionic di-
mer compared with the ionic CM. However, there
were several limitations. Although not stated in the
report, the trial appears to have been designated as
an equivalent study since, based on the event rates
observed, between 1 300 and 1 800 patients would
have been required to demonstrate a superiority
study. The lack of an intention-to-treat design
needs to be taken into account, as does the primary
endpoint of a rather unusual composite of seven
single endpoints. Additionally, more laser and di-
rectional coronary atherectomy strategies were
performed in the ioxaglate sodium group, which
could account for the additional events observed
in this group.

In 2001, Scheller et al.[80! published the largest
randomised clinical trial to date comparing ioxagl-
ate sodium (n = 2 182) with non-ionic CM (1 808)
in patients with coronary stent placement. It was
designed prospectively and patients were allocated
randomly over an inclusion period of 4.5 years.
The non-ionic group consisted of iobitridol (3%),
iomeprol (18%), iopamidol (8%), iopromide
(27%), ioversol (39%) and iodixanol (5%). Target
ACT was 250-350 seconds. Abciximab was used
in a similar number of patients in the ioxaglate
sodium (5.3%) and non-ionic (4.9%) groups. Dif-
ferent stent types were used and all patients re-
ceived ticlopidine 500mg daily for 4 weeks follow-
ing stent placement. The primary endpoint was
acute (<72 hours) or subacute (<30 days) stent oc-
clusion. The secondary endpoint was a composite
of death, re-angioplasty and coronary bypass sur-
gery within 12 months. Any adverse effect second-
ary to CM was documented. Compared with
ioxaglate sodium, the incidence of acute as well as
subacute stent occlusion was significantly higher
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in the non-ionic group (acute occlusion: 0.3 vs
1.3% p = 0.001; subacute occlusion: 0.7 vs 2.4% p
= 0.001). The incidence of the combined clinical
secondary endpoint was also higher in the non-
ionic group (16.3 vs 22.9%; p = 0.001). Compared
with ioxaglate sodium, the incidence of adverse
effects attributable to the CM was significantly
lower in the non-ionic group (7.6 vs 4.3%; p =
0.001). The incidence of severe, life-threatening
adverse effects did not differ significantly between
the groups (0.1 vs 0.1%). However, the study was
not double-blind, the randomisation technique was
unusual and ioxaglate sodium was compared with
six different non-ionic agents. The relatively high
incidence of clinical endpoints probably reflects
today’s ‘real world’ of stent use and the presence
of clinically acute coronary syndrome in about
one-third of the patients. Stenting and acute coro-
nary syndrome is associated with much higher
platelet activation than balloon angioplasty in sta-
ble patients.[®!1 The authors advocated the use of
both types of CM (non-ionic for diagnosis and low-
osmolar ionic for interventions). Criticisms of this
suggestion have already appeared in the litera-
ture.[82]

5. Cost

Controversy continues regarding the reasons for
the variation in costs between high, low and iso-
osmolar CM. Suppliers of the CM cite high devel-
opment and manufacturing investments as the pri-
mary explanation for the costs. However, critics
highlight that the differences in costs that exist be-
tween countries can only be a result of marketing
strategies.

In the past era of mainly diagnostic cardiac
angiography!®831in a large group of patients at low
risk of adverse effects who derived no clinical ben-
efit from LOCM and in whom almost all adverse
reactions of HOCM could be easily managed, the
consensus was for selective rather than universal
use of the more expensive low-osmolar agents. The
implication was that the strategy of reserving these
agents for use in patients with a high risk of adverse
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reactions would be more cost-effective than one
recommending their use in all patients. Even if all
adverse effects were abolished with the LOCM,
only part of the additional costs would be recov-
ered by the hospital.

Although physicians need to be sensitive to eco-
nomic issues, their primary obligation is to the pa-
tient. Hundreds of studies in animals and humans
have shown that low/iso-osmolar agents cause less
discomfort and have fewer adverse effects than
HOCM. It seems appropriate that physicians, in
consultation with their patients, should determine
the choice of the CM to be used on the basis of
clinical judgement and institutional budget. How-
ever, in today’s era of PCI with increasingly high-
risk patients and ad hoc diagnostic-interventional
procedures, the strategy of implementing selective
use of CM is much more difficult. Currently, the
issue is to consider which of the low/iso-osmolar
CM is the most cost-effective and has the least se-
vere complications.

6. Is There an Optimal
Contrast Medium?

The cardiovascular effects caused by CM ap-
pear to be related to the osmolality of the agents.
Apart from the issue of cost, the low/iso-osmolar
agents are clearly preferable to HOCM since they
reduce cardiovascular contrast-related adverse ef-
fects. When assessing the need for a CM in terms
of improved patient safety, preventing serious
complications should be the major factor determin-
ing the choice. CM should not be selected on the
basis of minor adverse effects since these are, ulti-
mately, of low clinical relevance. Thrombotic
events, in contrast, carry a high clinical relevance
and we consider that these should be the main issue
governing current choice.

The biological profiles of CM depend, at least
in part, on their chemical structure; particularly
their interaction with platelets and the coagulation
cascade. In general, ioxaglate sodium has a better
profile than other CM when platelet function and
coagulation are considered. However, since most
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physicians recognise the potential gap between in
vitro data and daily clinical practice, the selection
of CM for cardiac angiography and PCI has been
influenced mostly by clinical data and by cost.

Itis difficult to be categorical regarding the true
incidence of thrombus formation in PCI since it
may be subclinical or unappreciated angiographic-
ally. It needs to be emphasised that thrombotic
events include not only the macroscopic aspect
(thrombus, acute coronary occlusion) but also the
less evident microscopic aspects (embolisation, in-
crease in cardiac markers).

Non-ionic CM have weaker antithrombotic ef-
fects than ionic compounds. However, there are
many other factors, both clinical (coronary anat-
omy, myocardium at risk, lesion morphology, sta-
ble or unstable or acute myocardial infarction) and
technical (aspirin, clopidogrel, heparin, glycopro-
tein IIb/I11a antagonists, stents) that can affect the
incidence of thrombus, abrupt vessel closure and
major ischaemic events in coronary angioplasty.
These considerations highlight the difficulties in
comparing the outcomes of trials that have been
designed to investigate the effects of CM on isch-
aemic complications in PCI when the CM is applied
repeatedly at very high local concentrations.

However, when thrombotic events are considered
in randomised clinical studies, ionic CM have been
associated with either favourable[®:69:71:72.78.80] op
neutral results’3-77.71 compared with non-ionic
agents. One trial®® has demonstrated a more pro-
nounced antithrombotic effect of the non-ionic di-
mer relative to the ionic dimer.

The antithrombotic advantages of ionic over
non-ionic LOCM are in part balanced by a greater
frequency of minor adverse effects such as nausea,
vomiting or cutaneous rashes. However, these re-
actions are usually of low clinical relevance. A
matter of concern is the delayed adverse effects
(skin reactions) observed with dimeric non-ionic
CM. On the other hand, severe and life-threatening
reactions are exceptional and, probably, there are
no significant differences between low/iso-osmo-
lar agents, either ionic or non-ionic. However, in

© Adis International Limited. All rights reserved.

patients with known allergies, non-ionic CM
should be recommended.

In general, the amount of CM should be as low
as possible, avoiding ventriculography when not
strictly needed. Low/iso-osmolar CM (either ionic
or non-ionic) are better than HOCM for nephrotox-
icity reduction and have less haemodynamic ef-
fects.

We do not advocate the use of ‘consecutive
mixing’ of CM (non-ionic for diagnostic coronary
arteriography and ioxaglate sodium for angiopla-
sty and stenting) as suggested by Scheller, [ be-
cause we consider thrombosis as the main issue
compared with other adverse effects in the era of
ad hoc PCIL.

There are experimental data on the interactions
between CM and glycoprotein IIb/IIla antago-
nists!34] but, at present, there is a paucity of reliable
clinical studies. As suggested by the results of
Davidson et al.!®1 and the meta-analysis of Aguirre
et al.,[®5] the use of abciximab may neutralise the
different platelet effects of the CM used in coro-
nary angioplasty. However, a large clinical trial
would be needed to provide definitive data on this
aspect.

7. Conclusions

On the basis of the available preclinical and
clinical data, the ionic LOCM (ioxaglate sodium)
or the non-ionic IOCM (iodixanol) are the agents
to be recommended in PCI, because of their anti-
thrombotic advantages over non-ionic LOCM.

In patients with known allergies, non-ionic CM
should be used. In patients with risk factors of con-
trast nephrotoxicity, HOCM should be avoided.

Conversely, there is a considerable need for a
greater awareness of how different CM compare
clinically with respect to adverse effects, syner-
gism with glycoprotein IIb/IIla antagonists and
new, coated eluting stents.
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