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So far coronary angiography has mostly
been used to provide data on vascular anato-
my and the severity and location of coro-
nary artery disease1. With the appreciation of
the role of endothelial dysfunction in the
pathogenesis of atherosclerosis2 the atten-
tion has been focused on the responsiveness
of coronary arteries to vasoactive stimuli,
and new uses for coronary angiography have
become available. The injection of ergonovine
or ergometrine has thus become the gold
standard for the induction and reproduction
of coronary artery spasm3. More recently,
the appreciation of the role of endothelium in
modulating vascular tone has led to the use
of acetylcholine or serotonin to reveal en-
dothelium-dependent responses4,5. In nor-
mal vessels, a functional endothelium trans-
duces the effects of these substances eliciting
an endothelium-dependent response that re-
laxes underlying smooth muscle cells, there-
by inducing vasodilation. Conversely, the
presence of frank atherosclerosis, or even
the mere presence of a dysfunctional en-
dothelium, such as in the presence of systemic
risk factors for coronary artery disease, leads
to a loss of the vasodilating properties of
vascular endothelium and to impaired va-
sodilation or net vasoconstriction in response
to the direct vasoconstrictive effects of these
agents on medial smooth muscle cells. The
use of pharmacological endothelium-depen-

dent vasodilators during coronary angiogra-
phy has not however become routine, for a va-
riety of reasons including the uncertain im-
pact on the patient s prognosis, the lack of
consensus on the significance of abnormal va-
somotor findings, uncertainties on decision
making as a consequence of test outcomes
and  last but not least  difficulties in per-
forming a relatively time-consuming and
cumbersome pharmacological test during
routine angiography. We have recently doc-
umented the variable vasomotor responses of
coronary artery segments differently affect-
ed by angiographically visible atherosclero-
sis to the angiographic contrast media rou-
tinely used at coronary angiography. From
this the possibility arises of using the vaso-
motor response to contrast media as a possible
alternative to pharmacological testing to
probe the physiology of epicardial coronary
vessels beyond what is presently being done.
This commentary will briefly summarize the
background for these studies, the main find-
ings, as well as implications and future path-
ways on this promising line of research.

Vasomotor effects of angiographic 
contrast media

Contrast media used for angiography in-
duce complex changes in vascular tone of
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Atherosclerosis has an impact on the vasomotor reaction of coronary segments to iodinated non-
ionic contrast agents. Angiographically normal coronary segments show divergent vasomotor reac-
tions to iodixanol or iopromide according to the presence of, and distance from, a coronary athero-
sclerotic lesion. The mechanism responsible for the above-mentioned vasomotor effect does not seem
to involve flow-mediated vasodilation or endothelial nitric oxide synthesis. On the other hand, a cy-
clooxygenase product may be, at least in part, responsible for the vasodilating effect of non-ionic agents
on epicardial coronary arteries. These findings have potential clinical implications that are herein dis-
cussed.
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both conductance and resistance coronary arteries. Fol-
lowing the injection of contrast, most often a vasodila-
tion is seen on the epicardial arteries, but sometimes va-
sospasm occurs. Vasodilation has been attributed to hy-
perosmolality (being more evident with high-osmolal,
ionic agents than with low-osmolal, non-ionic agents),
chemotoxicity, ion content of the medium, or endothe-
lium-dependent flow-mediated changes in vascular tone.
Available data are however still inconclusive and the
mechanism of contrast-induced vasodilation is still elu-
sive6-10. Vasomotor response to contrast media partial-
ly depends on the type of medium used. In fact, high-
osmolal ionic agents such as diatrizoate may increase epi-
cardial coronary diameter up to 20% for as long as 180
s6,7, while ioxaglate, a low-osmolal ionic agent, has lit-
tle or no vasomotor effect on epicardial coronary arter-
ies11. Non-ionic agents, regardless of their osmolality or
molecular structure (monomeric or dimeric), induce a
mild (< 10%) and transient (< 90 s) epicardial coronary
vasodilation in subjects with normal coronary arter-
ies6,11. Coronary vasoconstriction has been observed af-
ter the injection of both ionic and non-ionic contrast
agents12-14. In experimental studies, the mechanism re-
sponsible for the vasoconstriction was found to be main-
ly a chemotoxic/depolarizing effect on the smooth mus-
cle cells of the isolated vessel15-17. Some monomeric,
non-ionic contrast media such as iohexol and ioversol
have been shown also to induce serotonin-dependent
changes in vessel tone through platelet activation and de-
granulation18,19.

The impact of atherosclerosis on coronary 
vasomotor responses to contrast media

Coronary artery disease alters the vasomotor re-
sponse to a variety of pharmacological agents. It is con-
ceivable that coronary atherosclerosis might also inter-
fere with the vasomotor reaction of coronary arteries to
contrast agents. In a preliminary report, Bentley and Hen-
ry20 observed that low concentrations of diatrizoate, a
high-osmolal, ionic agent, induce vasodilation in normal
rabbit aortas, but vasoconstriction in atherosclerotic
aortas. Similarly, Jost et al.7 reported that stenosed coro-
nary segments dilate less than angiographically normal
coronary segments after injection of diatrizoate in hu-
mans. However, the high variability of quantitative coro-
nary angiography measurements of coronary minimal di-
ameter at a stenosis site21, ranging approximately in
order of magnitude of diatrizoate-induced changes,
hampers the relevance of these findings. Moreover, in
the study of Jost et al.7, the changes in a patient s seg-
ments were averaged for each patient. These averages
might have obscured the information offered by a sin-
gle-segment analysis, since atherosclerosis has a char-
acteristic segmental distribution and may affect the va-
somotor reaction of some, but not all the coronary seg-
ments in the same patient22,23.

259

We have recently performed quantitative coronary an-
giography in 47 patients without angiographic evidence
of coronary artery disease and in 45 patients with clear-
cut and discrete coronary artery disease in the left coro-
nary artery11. Angiographically smooth coronary seg-
ments were analyzed for changes in epicardial coro-
nary lumen diameters in response to three media, the non-
ionic dimer iodixanol, the non-ionic monomer iopromide,
and the ionic agent ioxaglate. Contrast-induced changes
in epicardial coronary artery lumen diameters were eval-
uated by quantitative coronary angiography by com-
paring coronary diameters measured during two con-
secutive contrast injections within a 50 s interval. Base-
line coronary diameters were obtained during the first in-
jection, while the differences observed between the first
and second injection were considered as induced by
contrast. Iodixanol induced vasodilation in segments of
subjects without coronary artery disease (+8.8 – 8.6%,
p < 0.001). In contrast, patients with coronary artery dis-
ease exhibited no significant diameter changes in seg-
ments  20 mm apart from a stenosis (+4.7 – 9.4%, p =
NS), and significant constriction in segments at < 20 mm
from a stenosis (-3.8 – 4.6%, p < 0.05). Similar results
were obtained with iopromide, but no changes were
found with ioxaglate. A vasodilatory capacity was pre-
served in all groups of segments since nitroglycerin re-
sulted in similar dilations regardless of the presence of
atherosclerosis or the type of contrast used. Figure 1
shows the distribution of single-segment vasomotor re-

Figure 1. Bar graphs show the distribution of significant segment dila-
tions (A) and constrictions (B) induced by iodixanol, iopromide or
ioxaglate. Segments A: angiographically normal segments in subjects with
angiographically normal coronary arteries. Segments B: angiographically
normal segments located Ž 20 mm far from the closest significant steno-
sis. Segments C: angiographically normal segments located > 5 mm and
< 20 mm from the closest significant stenosis. Segment constriction (or
dilation) was considered to be significant when Ž 0.13 mm. * p < 0.05,
** p < 0.01, *** p < 0.001 vs segments A. No significant differences among
segments A, B and C were observed in patients injected with ioxaglate.
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actions above the 95% tolerance limits of the variabili-
ty of the quantitative angiography system. The percent-
age of segments reacting with a significant dilation af-
ter iodixanol or iopromide injection showed a highly sig-
nificant decreasing trend from segments in normal ves-
sels to segments close to a coronary stenosis, while a trend
to an increase was observed for the constrictive reactions. 

This is the first human study demonstrating that io-
dinated non-ionic contrast agents elicit divergent vaso-
motor reactions in atherosclerotic and normal coronary
arteries. Interestingly, the altered vasomotor response was
present at the level of angiographically smooth-appear-
ing coronary segments in patients with coronary artery
disease, and was related to the distance between the an-
alyzed segment and a stenosis. 

Mechanisms for the impaired coronary vasodilation
to non-onic contrast agents in atherosclerosis

The mechanism(s) responsible for the divergent va-
somotor responses of normal and diseased coronary ar-
teries to non-ionic agents is (are) unknown. Several
stimuli and vasoactive agents, such as serotonin or acetyl-
choline, elicit divergent vasomotor effects on normal
and atherosclerotic coronary arteries through a direct
vasoconstrictive effect on medial smooth muscle cells and
an endothelium-mediated vasodilation4,22,24-30. The non-
ionic contrast agent iohexol has been demonstrated to in-
duce degranulation of platelets, a potential source of
serotonin in the blood stream18. However, iodixanol has
weak19 or no effects31 on platelet function, thus making
it unlikely that serotonin or platelet degranulation might
be involved in its vasomotor effect. Karstoft et al.15,17

demonstrated that iodixanol and iotrolan (both non-ion-
ic, dimeric agents), but not ioxaglate (an ionic agent),
have a strong direct vasoconstrictive effect on isolated
coronary arteries. This direct vasoconstrictive effect of
non-ionic agents might be counteracted in normal coro-
nary arteries by an endothelium-dependent dilation. In
our study11, iodixanol and iopromide induced significant
hyperemia, as suggested by the increase in coronary ve-

Figure 2. Effect of intracoronary infusion of NG-monomethyl-L-arginine (L-NMMA) 50 mmol/min or indomethacin 3 mmol/min on the vasomotor effect
of iodixanol on normal epicardial coronary arteries. Data are mean ± SD and represent changes in coronary luminal diameter from basal values. In-
hibitor: L-NMMA or indomethacin. NTG: intracoronary nitroglycerin 200 mg. Each group included 4 to 6 subjects with angiographically normal coro-
nary arteries. * p < 0.001 vs basal values.

nous oxygen saturation, which in turn might have de-
termined epicardial vasodilation through a flow-mediated
mechanism. This hypothesis seems unlikely since, in the
same study, ioxaglate induced changes in coronary ve-
nous oxygen saturation which were even greater than
those induced by iodixanol or iopromide, without effects
on epicardial coronary diameters. If an endothelium-
mediated mechanism has a role in the effect of non-
ionic contrast agents on epicardial coronary artery di-
ameters, such a mechanism might involve the synthesis
and release of vasodilators such as nitric oxide32, prosta-
cyclin33 or the endothelium-derived hyperpolarizing fac-
tor34, as well as vasoconstrictors such as endothelins35 or
endothelium-derived vasoconstricting factors36. Our da-
ta show that vascular cyclooxygenase inhibition by in-
domethacin markedly attenuated the epicardial coro-
nary vasodilation induced by iodixanol or iopromide,
whereas nitric oxide synthesis inhibition through NG-
monomethyl-L-arginine infusion was ineffective (Fig.
2)11. These data indicate that a product of vascular cy-
clooxygenase activity, such as prostacyclin, or the still
elusive endothelium-derived hyperpolarizing factor, may
play a role in the epicardial coronary vasodilatory effect
of non-ionic contrast media.

Revealing concealed coronary atherosclerosis or
endothelial dysfunction: new roles for contrast 
media?

In patients with angiographically normal epicardial
coronary arteries intracoronary acetylcholine and sero-
tonin cause coronary artery dilation, whereas in patients
with coronary artery disease they cause non-significant
vasomotion or even coronary artery constriction4,23,37,38.
Similar data are obtained with physiological stimuli
such as the cold pressor test24 or coronary hyperemia28.
As already stated, the dilation of a coronary artery in re-
sponse to these stimuli is consistent with normal en-
dothelial function. Conversely, impaired vasodilation
may indicate the presence of endothelial dysfunction
and/or a more general vasomotor dysfunction involving
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family history of coronary artery disease11. In patients
with similar clinical characteristics, both Reddy et al.43

and Tousoulis et al.41 observed localized coronary va-
somotor dysfunction with the acetylcholine test. There-
fore, the non-ionic contrast test  might be less prone to
detect a coronary vasomotor dysfunction in the absence
of concealed coronary atherosclerosis compared to tests
evaluating the nitric oxide pathway. 

Future pathways to evaluate clinical implications
of altered coronary vasomotor responses to
contrast media

These findings have potential implications. From a
clinical standpoint, the vasoconstrictive response to
non-ionic contrast media in atherosclerotic segments
might worsen myocardial ischemia or even contribute
to the development of arterial thrombosis, also possibly
favored by the lesser antiplatelet and anticoagulant
properties of non-ionic versus ionic media48. From a di-
agnostic standpoint, these findings question the com-
parability of quantitative angiographic data obtained
when different invasive cardiology laboratories do not
standardize the use of contrast medium, unless rigorous
attention is paid to only obtaining angiograms destined
to quantitative angiography shortly after the use of ni-
trates or with adequate time intervals between consec-
utive angiograms.

Further studies utilizing intravascular ultrasound
imaging techniques as a gold standard are necessary in
order to evaluate the ability of the non-ionic contrast
test  to reveal concealed atherosclerosis and to distin-
guish it from vascular vasomotor dysfunction secondary
to the presence of cardiovascular risk factors. Longitu-
dinal studies are also needed to assess the prognostic sig-
nificance of an altered coronary vasomotor response to
non-ionic agents. Finally, a comparative analysis of the
information provided by contrast-induced vasomotion
(cyclooxygenase-dependent) and that induced by the
more classic nitric oxide-dependent stimuli (acetyl-
choline, serotonin, hyperemia, etc.) appears worthy of
being done.
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