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Hepatic CT Enhancement: Comparison between Dimeric and
Monomeric Nonionic Contrast Agents in Rabbits'
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Purpose: To determine the hepatic and vascular enhancement profiles with nonionic
dimeric, iodixanol, contrast agent in the rabbit and to compare them with nonionic
monomeric, ioversol, contrast agent.

Materials and Methods: Seven rabbits initially underwent hepatic dynamic CT scan
with either iodixanol or ioversol, followed by repeated CT scan with other unused con-
trast agent with one week interval between scans. Pre and post contrast attenuation
values of hepatic parenchyma, aorta and portal vein were measured sequentially. The
mean enhancement of the hepatic parenchyma, aorta and portal vein were compared
between two agents. The mean peak enhancement and peak enhancement time of the
liver, aorta, and portal vein were also compared.

Results: The attenuation values of ioversol showed a greater mean hepatic enhance-
ment than iodixanol from 18 seconds to 39 seconds after injection (from late arterial
phase to early portal venous phase) with a statistical significance (p<0.05). The mean
peak enhancement of hepatic parenchyma, aorta and portal vein was also greater us-
ing ioversol than iodixanol, but the mean peak enhancement times of ioversol and
iodixanol were nearly identical.

Conclusion: Ioversol may have the greater effects than iodixanol on hepatic tumor
conspicuity, especially from late arterial phase to early portal veneous phase.
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In hepatic CT imaging, an iodinated contrast agent is
administered to achieve a high contrast of hepatic
parenchyma to lesion to increase tumor conspicuity (1—
5). It is usually considered that the increased enhance-
ment of the normal hepatic parenchyma with contrast
agent means increased conspicuity of hepatic lesions (6).
Although adverse reactions have been reduced by the
use of nonionic monomeric contrast agent (7), these
monomeric agents are hyperosmolar to blood.
Therefore, efforts have been made to generate contrast
agents with an osmolarity equal to that of blood (8).

A new nonionic dimeric, iodixanol, contrast agent is
isoosmotic with plasma and is reported as less toxic for
the vascular administration (8—11), but it is increased in
the molecular size and weight and viscosity of the con-
trast agent (Table 1) (8). This nonionic dimeric contrast
agent, iodixanol, is reported to have a higher diagnostic
confidence, excellent tolerance and lower overall toxici-
ty compared to monomeric contrast media (8—11).
Because of these reasons, nonionic dimer contrast is
sometimes preferred in CT examination, especially in
patients with a high risk of contrast agent-induced ad-
verse effects (8). However, the pharmacokinetics of
iodixanol has not been fully studied enough in the nor-
mal hepatic parenchyma for potential use in CT (12).

The purpose of this study is to determine the hepatic
and vascular enhancement profiles with iodixanol in the
rabbit and to compare them with ioversol.

Materials and Methods

Seven New Zealand white rabbits underwent two dy-
namic hepatic CT examinations with nonionic dimeric
iodixanol (Visipaque 320, Nycomed, Oslo, Norway) and
nonionic monomeric ioversol (Optiray 320, Mallincrodt
medical, Quebec, Canada) on two-separate days (one
week interval between CT scans). Ioversol was chosen
since it had the same iodine concentration (320 mgl/ml)
as iodixanol. Their physicochemical properties are listed
in Table 1. Three rabbits were initially examined with
the iodixanol, followed by the second examination with
the ioversol, whereas the remaining four rabbits were
examined in reverse order. The study was performed on
either male or female rabbits weighing 2.8 to 3.8 kg
(mean, 3.2 kg). Just before the first examination, blood
samplings were done for sGOT, sGPT, BUN and creati-
nine to insure that each evaluated laboratory findings
were within the normal range. The rabbits were anes-
thetized by an intramuscular injection of ketamine 75
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mg/kg and by an intravenous infusion of pentothal sodi-
um 20 mg/kg. A butter fly needle (21 G) with a connect-
ing tube (0.8 ml in luminal volume) was placed in the
marginal vein of rabbit’'s ear. The rabbits were then
placed in right lateral decubitus position for CT scan
(13). After connecting the injector syringe to the intra-
venous access site, the connecting tube was filled with
0.8 ml of each contrast agent. The equal amounts of
each contrast agent per body weight, 640 mgl/kg (2
ml/kg) were used, and the injection rate was 0.3 ml/sec
in all cases. CT examinations were obtained on a SCT-
7000 TH (Shimadzu, Kyoto, Japan) with 100 mA, 80
kVp, 3 mm collimation, and field of view range was 110
mm. Power injector was used for the administration of
contrast agents. Scanning was done with 3-second inter-
val during 120 seconds in the same area of the liver.
Following each examination, precontrast attenuation
values for the hepatic parenchyma, aorta and portal
vein were determined by measuring and averaging the
first two scans. Three postcontrast attenuation measure-
ments of the hepatic parenchyma were taken in the dif-
ferent hepatic lobes or segments, and these were aver-
aged for each image. Regions of interest encompassed at
least 1 cm? and avoided blood vessels and artifacts.
Postcontrast attenuation was also measured at each lev-
el in the aorta and portal vein. The attenuation values
were measured and averaged by two radiologists
(B.K.K., K.N.K.]. Measurements for all examinations
were obtained without knowledge of contrast agent
used in either examination. Enhancement was defined
as the difference in attenuation values between the post-
contrast and precontrast images. The mean enhance-
ment-time curves were created and compared. The sta-
tistical comparison between two CT examinations with
two different contrast agents was performed using
Wilcoxon-signed ranks test.

For the determination of each hepatic enhancement
phase, it was regarded as an initiation of arterial phase
when the aorta was enhanced more than 150 HU
(Hounsfield unit) from the time of contrast injection,
and as a end time of arterial phase when the hepatic en-
hancement reached 30% of hepatic peak enhancement.
It was considered as a beginning of portal phase when
the liver was enhanced to 70% of hepatic peak enhance-
ment (13—15).

Results

The mean peak enhancement of the hepatic parenchy-
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Fig. 1. The Time-density Curve of Hepatic Parenchyma.

The attenuation values of ioversol showed a greater mean he-
patic enhancement than iodixanol from 18 seconds to 39 sec-
onds after injection, which corresponded to the late arterial
and early portal venous phases of dynamic hepatic enhance-
ment with a statistical significance (, p<0.05).

ma, aorta and portal vein was greater using ioversol
than iodixanol, but the mean peak enhancement time of
ioversol and iodixanol was nearly identical (Table 2).
The arterial phase of CT scanning using ioversol and
iodixanol was from 12 seconds to 21 seconds after con-
trast injection; the beginning time of portal venous
phase, 30 seconds after injection. The time-density
curve of hepatic parenchyma was demonstrated graphi-
cally in Figure 1. The attenuation values of ioversol
showed a greater mean hepatic enhancement than
iodixanol from 18 seconds to 39 seconds after injection,
which corresponded to the late arterial and early portal
venous phases of dynamic hepatic enhancement with a
statistical significance (p< 0.05) (Fig. 1, Table 3).

Discussion

In hepatic CT imaging, the main objective for injecting
iodinated contrast agent is for an achievement of a high
parenchyma-to-lesion contrast to optimize lesion con-
spicuity (1—5). CT number actually has two compo-
nents - a true interstitial tissue contrast component and a
blood pool component (depending on the relative sizes
of the true interstitial contrast component and the blood
pool component of enhnacement at various times and
also depending on the proportion of the tissue volume
occupied by those compartments themselves) (16).
Therefore, hepatic enhancement after an injection of
contrast agent is dependent not only on the proportional
volume of blood pool and interstitium but also on the

Table 1. The Physicochemical Properties of Contrast Agents
': [+ Morsanic moromes | ‘ onersol I(.)di).;arcli(?l
e . FH"*--... + Rl climals (Nonionic monomer) (Nonionic dimer)
£ m .".rw"a,.'1 AL Structural forrpula C,5H,I3N504 C3sHyuIgNgO15
L iE o P Molecular weight (kDa) 0.807 1.550
= A Tonf 3| Osmolarity 702 290
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§ | # Concentration (mgl/ml) 320 320
5 =1 i Viscosity (mPa: Sat 37°C) 5.8 11.4
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Table 2. Difference between Ioversol and Iodixanol in the Mean
Hepatic Enhancement

Postinjection =~ Mean hepatic enhancement (HU)

. - p-value
time (sec)* Toversol Iodixanol
18 16.3 3.9 0.027
21 284 22 0.016
24 43 33 0.050
27 52.4 43 0.031
30 66.1 51 0.041
33 80.1 66 0.016
36 85.9 72 0.031
39 83.7 67 0.016

* In sequential dynamic CT scan, time recorded above is statisti-
cally significant range after an injection of each contrast agent.

Table 3. The Mean Peak Enhancement in Equivalent Time
Mean Peak Enhancement (HU/sec)

Organ -
Toversol Iodixanol
Aorta 430/18 397/18
Liver 86/36 72136
Portal vein 200/30 168/30

vascular permeability of the contrast agent (17, 18). The
physicochemical properties of each contrast agent such
as molecular weight, size, viscosity and osmolarity are
important in determination of their vascular concentra-
tion and their leakage (vascular permeability) into inter-
stitial space, ie, hepatic enhancement.

A nonionic dimer, iodixanol has a concentration of
320mgl/ml, osmolarity of 290 mOsm/kg , viscosity of
11. 4 mPa- S at 37°C and 1.550 kDa. On the other
hand, a nonionic monomer, ioversol, a concentration of
320 mgl/ml, osmolarity of 702 mosm/kg, viscosity of 5.8
mPa- S at 37°C and 0.807 kDa (Table 1). Iodixanol is
higher in viscosity and heavier in molecular weight and
larger in molecular size and lower in osmolarity than
ioversol. Consequently, these different physicochemical
properties of both contrast agents certainly cause differ-
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ent hepatic enhancement pattern from the late arterial
to early portal phases in this study (6, 12).

To begin with, a smaller molecular weight and size of
the monomeric nonionic contrast agent may cause bet-
ter diffusion to the interstitium, which possibly increas-
es hepatic enhancement. Secondarily, a lower osmolari-
ty of the nonionic dimeric contrast agent plays a role in
better vascular enhancement, partly because of a lesser
degree of osmotic-driven self-dilution and partly be-
cause of a reduced leak through blood vessels into the
interstitium. Whereas the higher osmolarity of nonionic
monomeric contrast agent induces increased interstitial
contrast concentration, which, in turn, increase en-
hancement of tissue in which interstitial component
dominates (16). Thirdly, although the effect of viscosity
is not clear, a higher viscosity probably reduces leak to
the interstitium. Subsequently, enhancement of hepatic
tissue, especially interstitium, is relatively lower in non-
ionic dimeric contrast agent than monomeric contrast
agent. In hepatic enhancement, maybe all properties of
iodixanol such as low osmolarity, high viscosity, and
large size and molecular weight serve as a slow diffusion
of the agent to the interstitium. Moreover, it is not clear-
ly identified how much the physicochemical properties
of contrast agent are affected by the pulmonary vascular
beds (pulmonary circulation of contrast agent) and car-
diac circulation.

These results are differed from the study done by
Graf, et al (12) in that the nonionic monomeric contrast
agent shows a greater mean peak enhancement in the
aorta and portal vein than the nonionic dimeric contrast
agent. In Graf, et al's study (they used iopromide in-
stead of ioversol), the nonionic dimer (iodixanol)
showed a greater mean enhancement of the aorta and
portal vein than the nonionic monomer (iopromide).
However, their study was done with dual-phase study
on three different human groups whereas our this study
was done on the dynamic sequential study on the same
subjects (rabbit). Since each contrast agent has a unique
time-density curve, the knowledge of time-sequential
characteristics of enhancement pattern on the same sub-
jects is more important than the degree of enhancement
on different groups during a certain period of time.
Consequently, it would be difficult to compare results of
these two studies.

Iodixanol is isoosmotic with plasma and is reported
less toxic for the vascular administration (8—11). In case
of using iodixanol because of its tolerability, a CT scan-
ning protocol, in which the time from the late arterial to
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late portal phase is avoided, is recommended for the
outstanding conspicuity of hepatic lesion.

The limitations of our study included a small number
of rabbits as well as the different status of each rabbit
such as cardiac output, heart rate and hydration be-
tween one-week interval. Nevertheless, the time of peak
enhancement of the aorta, portal vein and hepatic
parenchyma was nearly identical in both contrast
agents, strongly suggesting that the different status of in-
dividual rabbit did not greatly affect the results.

In conclusion, the nonionic monomeric contrast agent
showed a greater enhancement of the liver of rabbits
from the late arterial phase to early portal phase than
nonionic dimeric contrast agent with a statistical signifi-
cance. However, further studies are needed to deter-
mine whether the use of the isotonic agents effects on
the lesion conspicuity in pathologic liver.
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