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In Vive Effects of Nonionic and Ionic Contrast Media on Beta-
Thromboglobulin and Fibrinopeptide Levels

ROHIT ARORA, MD, FACC, MANOj KHANDELWAL, MD, AASHA GOPAL, MD

New York, New York

Nonionic contrast media are suggested to cause increased tiirom-
boembolism (in vivo), platelet aggregation and procoagulant effect
(in vitro) as compared with jonic contrast media. To study these
effects in vivo, 30 consecutive patients undergoing routine angiog-
raphy were prospectively randomized to three groups of 10
patients each. Group A received diatrizoate (ionic, high osmolal-
ity), Group B ioxaglate (ionic, low osmolality) and Group C
iohexo! (nonionic, low osmolality). In vivo platelet alpha granule

release and fibrin-1 were by r
assay of beta-thrombog) in and fibr A in peripheral
venous samples.

Levels were estimated at three stages during the grocedure:
before and after leR ventriculography and after coronary angiog-
raphy. No dlﬂ'emms were roted (p = NS) when the ratios of
beta-th and i ide A were
among the three groups. These date suggest that the pewer
nonionic contrast media do not demnstnle enhanced systemic
platelet or fibrin with
ionic contrast media. However, larger randomud clinical studies
are necessary to conclusively establish the suggested thromboem-
bolic potential of nonionic contrast media.

(1 Am Coll Cardiol 1991;:17:1533-6}

The introduction of nonionic contrast media for angiography
has been a significant advance (1,2). However, the hemody-
namic advantages of nonionic contrast media over conven-
tional ionic. high osmolality contrast media during routine
angiography have been tempered by the high cost and
reports of prothrombotic effects of these agents. Nonionic
contrast media are suggested to cause increased thromboem-
bolism during cardiac catheterization (3.4). In vitro studies

Methods

Study patients. The study group consisted of 30 consec-
utive patients undergoing routine diagnostic left heart angi-
ography (coronary angi hy and left iculography).
The group included 14 men and 16 women with a mean age
of 58 years (range 42 to 78). Patients previously receiving
hepdnn warfam or aspirin therapy and patients with known

boemboliz disorders, a prosthetic valve, a permanent

(5-8) also suggest that they are iated with i d
platelet aggregation, loss of anti lant effect and in-
creased clot formation: however. their in vivo effects have
not been well studied. Therefore, we conducted a prospec-
tive randomized study during cardiac catheterization to
compare the effects on platelet activation and fibrin forma-
tion of a conventional contrast medium with those of newer
nonionic contrast media. Markers of platelet activation
(beta-thromboglobulin) and ﬁbnn formation (fibrinopeptide
A) were d by radi y before and after
routine cardiac catheterization. Beta-lhrombogiobulm isa
specific marker for platelet alpha-granule release (9.10).
Fibrinopeptide A is a 16 amino acid peptide that is cleaved
from fibrinogen by thrombin and reflects fibrin-1 formation
{11,12).
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pacemaker. valvular disease, cardiomyopathy, previous
myocardial infarction. unstable angina or renal failure were
excluded from the study. The patients’ medical regimen was
unaltered during the study. Of the 65 patients surveyed, 35
were excluded from the study because of the presence of
recent myocardial infarction in 11 and unstable angina in 6,
the use of anticoagulant or antiplatelet agents in 12 and other
reasons in 6.

The 30 patients were randomized to three groups of 10
palients cach: Group A received diatrizoate meglumine and
diatrizoate sodium 370 (ionic, high osmolafity), Group B
received ioxaglate 320 (ionic, low osmolality) and Group C
received iohexol 300 (nonionic, low osmolality) during car-
diac catheterization. The operators were aware of the con-
trast medium used during the procedure, Informed consent
was obtained from all patieats for participation in the study
according to 2 p pp! d by the C i on
Human Investigation at our institution.

Cardiac catheterization. Left heart catheterization was
perfi d by dard Judkins techni with use of 7F
USCI nycore (polyurethane overjacket and nylon inner core)
catheters. Both the femoral artery and vein were cannulated
with 8F Teflon sheaths (USCI) by standard Seldinger tech-
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nique and 7F piglail catheters were inserted over a wire
system. Before entry of the pigtail catheter into the left
ventricle. heparin (3.000 U) was delivered into the venous
system. Lefl ventriculography. performed with use of 45 mi
of conirast medium. was followed by right coronary angiog-
raphy in two orthogonal views and left coronary angiography
in at least four projections. The total time required for
angiography afier insertion of sheaths 10 the last left coro-
nary angiogram was noted (mcan 20 min. range 14 to 31).
The total volume of contrast medium used for the group
averaged 85 ml (range 65 to 105).

Blood pri g and radioi y. Peripheral
venous Hood samples were collected with a 21 gauge scalp
vein needle from an antecubital vein; a separate venipunc-
ture was used for cach sample. Only samples obtained from
venipunctures followed by smooth flow of blood were uti-
lized. Blood samples were rejected if 4 hematoma devel-
oped. blood flow stopped on withdrawal or the plasma after
centrifuging showed hemolysis. Venous blood (9 mi) was
withdrawn into a 10 ml polypropylene syringe and immedi-
ately transferred o a tube containing 1 ml of the following
anticoagulant solution: 0.10 M sodium chloride, 0.05 M
HEPES buffer (pH 7.4). 1.400 U/ml heparin, 0t mM adeno-
sine, 20 mM theophylline and 1,000 U/m] aprotinin (Frasylol}
(FBA Pharmaceuticals. Inc.). Blood samples were immedi-
ately placed on melting ice and within 1 h were centrifuged at
3,000 ¢ and 4°C for 20 min. The supernatant plasma was
transferred to polypropylene tubes with a siliconized pipette
and centrifuged at 49.000 g for 15 min at 4°C. The resulting
platelet-poor plasma was stored frozen at ~80°C. Fibrin-

ptide A and beta-thromboglobulin levels were measured
by radioimmunoassay as described previously (10.12). Three
sets of data were estimated for both beta-thromboglobuli
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Figure 1, C of levels of fibri A (FPA) /ml

before (PRE" and afler (POST) ieft ventriculography among the
three groups t10 patients in cach group). No statistically significant
differences were found when the ratio of levels for the three groups
was compared.

thromboglobulin levels was compared for the same periods
(Fig. 3 and 4).

Discussion

C ional ionic radi ast media infusions are
associated with a variety of adverse reactions as outlined in
a recent review (13). The newer nonionic, low osmolafit:
contrast media have been recognized in clinical studies (1,2)
as less chemotoxic, as causing less hemodynamic impair-
ment and as more biocompatible in vitro than ionic contrast
media. However, it was recently suggested that the use of
nomomc conirast medla may be associated with an increased

id of th licati Robertson (3)

and fibrinopeptide A for cach patienl. These were collected
after insertion of the femoral sheaths and after hepariniza-
tion, immediately after lefi ventriculography and later after
the last coronary angiogram.

Statistical analysis. Plasma levels of fibrinopeptide A and
bela-thromboglobulin were analyzed after logarithmic trans-
farmation and reported as geomeltric mean values and stan-
dard errors of the geometric mean. The ratio of levels before
and after icft veniriculography and before left ventriculogra-
phy and after coronary angiography were compared among
the three groups by analysis of variance. A p value < 0.05
was considered significant.

Resulis

Fibrinopeptide and beta-thromboglobulin levels. There
were no statistically significant differenccs among the lhree
groups when the ratio of fibrinopeptide levels was
either before and after left ventriculography (Fig. 1) or
before left ventriculography and after coronary angiography
(Fig. 2). Similarly. there were no statistically sigrificant
differences among the three groups when the ratio of beta-

suggested that there is enhanced blood clot formation in

hic syringes jonic than in those
containing ionic conmrast medium. Grollman et al. (4) re-
ported thromboembolic complications occurring during di-

Figure 2, C of levels of fib A (FPA) (pmol/ml

before lefl ventriculography (PRE) and after coronary angiography
ILATER]} among the three groups (10 patients in each group). No
statistically significant differences were found when the ratio of
levels for the three groups was compated.
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Figure 3. C of levels of bel {BTG)
(nglml) before (PRE) and after (POST) left ventriculography among
the three groups (10 patients in each group). No statistically signif-
icant differences were found when the ratio of levels for the three
groups was comparcd.

agnostic coronary arteriography in three patients despite
prior heparinization.

Reported thrombotic effects of nonionic contrast media.
Although in vitro evidence suggests that ionic contrast media
tend to have a greater anticoagulant effect than do nonionic
media, there are few supportive data in vivo (S-71. Contrast
media have several effects on the hemostatic system. with
the putative mechanism being binding of individual enzymes
and ihibition of fibrin polymerization (6). Contrast media
inhibit platelet aggregation in vitro and in vivo (6). may
damage the endothelium at the injection site because of high
osmolality and may activate coagulation. fibrinolytic and
kallikrein systems. Dawson et al. (5} in in vitro studies
reported that all contrast media inbibit platelet apgregation
and fibrin formation but cause no direct activaiion of fibrino-
lysis. Stormoken et al. (6) in an ia vitro and i in uvo study
during cerebral angiography observed a negli
of contrast medium on systemm hemostatic variables. but

derived pl dicated the need for premedica-

Figure 4, Comparison of levels of b bogl (BTG}
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tion with aspirin or heparin. Kopke et al. (7) observed
thrombin generation in a contrast agent-whole blood mixture
in in vitro experiments and noted that ivhexol may permit
thrombin generation to oceur in vivo. Our study showed
no sysiemic difference in beta-thromboglobulin or fibrin-
opeptide levels. suggesting no difference in platelet activa-
tion of fibrin formation in vivo. not ualike the study of
Stormoken et al. (6). To zlow for variations in artifactual
activation of these levels duning cathetenization, the ratio
of levels rather than the absolute levels was compared
among the three study groups. In addition. the volume of
contrast medium utilized and the time hetween estimation of
levels were not different for the three proups and the
catheterization protocol was kept rigorously similar for all
patients. No clinical thramboembolic event occurred during
our studies.

Limitations of study. The lack of statistically significant
differences in vivo, as in the study of Stormoken et al. {6),
sugpests that the concentrations in vivo may be too small lo
reflect differences in vitro. The usc sefore angiography of
heparin. which is an effective inhibitor of thrombin and other
enZyme precursors in the coagulation system. may vaniably
alrer levels of release of these enzymes. Although this study
did not show enhanced systemic platelet activation and fibrin
formation among the various contrast media. other sites of
measurements. downstream of the coronary artery or in the
coronary sinus. may show differences. This would test the
mechanism of thiombus formation by mlerpidy of m}momc
contrast medium and endothelivm. In
of thrombin and thrombin-antithrombin complex may dem-
onstrate w.hibition of fibrin polymenzation rather than of
fibrinopeptide A.

Clinical implications. Although this study shows o sys-
temic differences in platelet activation and fibrin formation
between ionic and nonioric contrast media, care must be
taken whea nonionic contrast media are used during cardiac
or cerebral angiography. Continuous flushing with saline
solution to prevent mixing of blood and contrast medium,
premedication with heparin and use of plastic syringes
remain important recommendations for the safe use of

fng/ml) before left ventriculography (PRE) and after coronary angi-
ography (LATER) among the three groups (10 patients in each
group). No statistically significant differences were found when the
ratio of levels for the three groups was compared.
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contrast media. Larger randomized clinical trials
are required 10 conclusively determine the suggested throm-
boembolic polential of ncaionic contrast media.

W are gratefui for the assistance of Rubert Sciacca. DPhil and Nomman
Giguere in the preparation of the manuscript.
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