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Decreased Infarct Volume and Intracranial Hemorrhage
Associated with Intra-Arterial Nonionic Iso-Osmolar Contrast
Material in an MCA Occlusion/Reperfusion Model

H. Morales, A. Lu, Y. Kurosawa, J.F. Clark, ). Leach, K. Weiss, and T. Tomsick
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ABSTRACT

BACKGROUND AND PURPOSE: Infarct volume and intracranial hemorrhage after reperfusion with nonionic low-osmolar and iso-
osmolar iodinated IRCM has not been previously compared. We postulated that iso-osmolar and low-osmolar iodinated contrast media
exert varied effects on cerebral infarct after intra-arterial injection. We compared infarct volume and hemorrhagic changes following
intra-arterial infusion of iodixanol, iopamidol, or normal saline in a rat MCA occlusion/reperfusion model.

MATERIALS AND METHODS: Infarct was induced in 30 rats by a previously validated method of MCA suture occlusion. Reperfusion was
performed after 5 hours with either iodixanol (n = 9), iopamidol (n = 12), or saline (n = 9). MR images were obtained at both 6 and 24 hours
after ischemia, followed by sacrifice. Infarct volume was measured with T2WI and DWI by semiautomatic segmentation. Incidence and
area of hemorrhage were measured on brain sections postmortem.

RESULTS: T2WI mean infarct volumes were 242 * 89,324 * 70, and 345 = 92 mm® at 6 hours, and 341 = 147,470 =+ 91, and 462 = 71 mm’
at 24 hours in the iodixanol, iopamidol, and saline groups, respectively. Differences in infarct volume among groups were significant at 6
hours (P < .03) and 24 hours (P < .05). In the iodixanol, iopamidol, and saline groups, mean areas for cortical intracranial hemorrhage were
0.8,18.2, and 25.7 mm?; and 28, 31, and 56.7 mm?, respectively, for deep intracranial hemorrhage. The differences in intracranial hemorrhage
area among groups were statistically significant for cortical intracranial hemorrhage (P < .01).

CONCLUSIONS: Intra-arterial infusion of nonionic iso-osmolar iodixanol showed reduced infarct volume and reduced cortical intracra-
nial hemorrhage areas in comparison with nonionic low-osmolar iopamidol and saline. Our results may be relevant in the setting of
intra-arterial therapy for acute stroke in humans, warranting further investigation.

ABBREVIATIONS: IA = intra-arterial; ICH = intracranial hemorrhage; IRCM = iodinated radiographic contrast material; HT = hemorrhagic transformation

se of iodinated radiographic contrast material (IRCM) is in-
herent in the current diagnostic and therapeutic paradigm of
stroke evaluation and therapy in humans, not only via intrave-
nous infusion in CT angiography and CT perfusion but also via
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intra-arterial (IA) injection of IRCM during revascularization at-
tempts. Data identifying CTP IRCM leakage as a predictor of sub-
sequent hemorrhagic transformation (HT) and intracerebral
hemorrhage (ICH) have accumulated.'™ Yet IRCM deposition in
the brain as a sequela of IA revascularization in humans is a fre-
quent phenomenon, commonly but not invariably associated
with HT.*

Having identified relevant differences in ICH following IA
infusion of nonionic low-osmolar IRCM in a rat reperfusion
model, we postulated that potential clinical differences might
also exist between low-osmolar and iso-osmolar IRCM with TA
infusion.> Therefore, we evaluated nonionic iso-osmolar
IRCM (iodixanol, 290 mOsmol) versus a nonionic low-osmo-
lar IRCM (iopamidol, 616 mOsmol) on brain infarct and ICH
in a rodent MCA occlusion/reperfusion stroke model. To the
best of our knowledge, similar experimental studies evaluating
potential differences of IA IRCM on these parameters have not
been previously reported.
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MATERIALS AND METHODS

The animal protocol was approved by the University Animal Care
Committee and conformed to the National Institutes of Health
Guide for Care and Use of Laboratory Animals (http://grants.
nih.gov/grants/olaw/Guide-for-the-care-and-use-of-laboratory-
animals.pdf). Male Sprague-Dawley rats had unrestricted access
to food and water and were housed with a 12-hour light-dark
cycle. Throughout the study, the investigators and veterinarian
staff closely monitored the rats’ health status.

This was a single blinded placebo-controlled study.

General Surgical Preparation

Thirty-four male Sprague-Dawley rats (body weight = 310.7 *
12 g) were anesthetized with 3% isoflurane and maintained with
1.5% isoflurane in a mixture of 70% N, and 28.5% O,. Rectal
temperature was monitored and maintained at 37 = 0.5°C with a
feedback-controlled heating blanket. Four animals were excluded
from the analysis due to failure of the surgical technique. They
were not imaged, dying immediately following reperfusion. Sub-
arachnoid hemorrhage was identified on postmortem analysis.

Stroke Model and Drug Injection

A previously validated method of MCA occlusion with intralumi-
nal suture was used.® The left common carotid artery, external
carotid artery, and internal carotid artery were isolated via a ven-
tral midline incision. A 3/0 monofilament nylon suture was used
to occlude the MCA.” The suture was inserted into the external
carotid artery and advanced into the ICA until the tip occluded
the junction of the MCA and anterior cerebral artery (approximately
20 mm beyond the carotid bifurcation until mild resistance was felt).
The wound was closed temporarily, and the suture was kept in place
for 5 hours. Rats were then re-anesthetized, and the ventral midline
neck incision was again opened. Immediately after removal of the
suture to allow reperfusion, a polyethylene-10 tube was placed into
the external carotid artery with its tip at the ICA origin The ICA was
not directly catheterized. All animals initially received a 10-minute
intra-arterial saline infusion of 1 mL/kg. Next, either iodixanol (290
mOsmol/kg H,0, Visipaque, 320 mg I/mL; GE Healthcare, Prince-
ton, New Jersey), iopamidol (616 mOsmol/kg H,0, Isovue, 300 mg
I/mL; Bracco Diagnostics, Princeton, New Jersey), or normal saline
(300 mOsmol/kg H,0) was infused (1 mL/kg) for an additional 10
minutes. The external carotid artery was ligated, and the incisions
were sutured. Thus, 3 groups were studied as follows: iso-osmolar
iodixanol group (n = 9), low-osmolar iopamidol group, (n = 12),
and saline group (n = 9).

Monitoring of Regional Cerebral Blood Flow

Before MCA occlusion, a small craniotomy near the vertex (5 mm
lateral and 2 mm posterior to the bregma) was performed. This al-
lowed cerebral blood flow estimation from the left MCA by using
transcranial laser Doppler sonography perfusion measurements (PF-
5001; Perimed, Jirfilla, Sweden) before and after MCA occlusion
and after reperfusion with saline and/or IRCM infusion.®

Neurologic Deficits and Mortality
Neurologic examinations at 45 minutes and 2, 12, and 24 hours
after induction of ischemia were scored according to a 7-point
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scale modified from Zhang et al”: no neurologic deficit = 0, forelimb
flexion = 1, circling to the right = 2, impaired or lame forelimbs = 3
and hind limbs = 4, inability to walk = 5, and animal death = 6.
Average scores were calculated for each group. Mortality was ex-
pressed as the number of rats dying within 24 hours before euthana-
sia divided by the number in each group X100.

MR Imaging Protocol

We used a custom-made single-channel coil (Resonance Innova-
tions, Omaha, Nebraska) designed to fit a rat’s head and opti-
mized for use in a clinical 3T magnet (Signa Excite; GE Health-
care, Milwaukee, Wisconsin).

Following reperfusion at both 6 and 24 hours after ischemia,
the animals were imaged in the coronal plane with the following
protocol: T2WT (TR/TE: 2500/92 ms, section thickness: 2 mm,
FOV: 6 cm, matrix: 256 X 256, NEX: 1), TIWI (TR/TE: 867/20
ms, section thickness: 2 mm, FOV: 6 cm, matrix: 256 X 256, NEX:
1), T2FLAIR (TR/TE/TI: 12827/120/2250 ms, section thickness: 2
mm, FOV: 6 cm, matrix: 352 X 224, NEX: 1), gradient-recalled
echo (TR/TE/lip angle: 550 ms/20 ms/20°, section thickness: 2
mm, FOV: 6 cm, matrix: 224 X 224, NEX: 2), and spin-echo DWI
(b = 1000, FOV: 4 cm).

Infarct Identification and Volume Measurement

Infarct volume was measured in a randomized, blinded fashion at
both 6 and 24 hours on T2WI and DWI, processed on a separate
workstation with iPlan, Version 2.6 (BrainLab Software, Feld-
kirchen, Germany). Semiautomatic segmentation of the infarcted
areas and of the entire brain was performed, and both the relative
(volume of infarcted hemisphere / volume of total brain X100)
and the absolute volume were calculated.

Hemorrhage Identification and Measurement

After the 24-hour brain MR imaging, rats were sacrificed. The brain
was sliced into six 2-mm coronal sections (12 faces). The sections
were fixed in 4% paraformaldehyde for 15 minutes. A previously
reported visual method was used to estimate the ICH area.'®'* Both
sides of the section were optically scanned. The incidence of hemor-
rhage was first calculated as number of rats with hemorrhage/total
number of rats per group, then similar calculations were made re-
garding a distinct location of the hemorrhage in the basal ganglia or
cortex. The hemorrhagic area on each section face was measured
with the MCID imaging system (Imaging Research, St. Catherines,
Ontario, Canada).' Finally, the total area for the 12 faces was ob-
tained by summation of individual areas.

Statistical Analysis
Statistical analysis was performed with the Statistical Package for the
Social Sciences for Windows, Version 16.0 (IBM, Armonk, New
York). All data were described as mean = SE. The difference among
the 3 groups for quantitative variables of ischemia was assessed by
using a 1-way ANOVA analysis. When statistical significance was
obtained in the ANOVA analysis, a post hoc analysis between each of
the 2 groups was assessed by using the Fisher Least Significant Differ-
ence test. The difference among the 3 groups for qualitative variables
was assessed by using the x* test or Kruskal-Wallis test.

The distribution of the quantitative variable “hemorrhagic area”
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Table 1: Absolute and relative infarct volumes at 6 and 24 hours after ischemia

Relative Infarct Volume

Absolute Infarct Volume:

Absolute Infarct Volume:

(% Total Brain) T2WI (mm?) DWI (mm?)

Group 6 hours 24 hours 6 hours 24 hours 6 hours 24 hours
lodixanol 64+6(n=9) 227+10(n=8) 242+89(n=9) 341+147(n=8) 208=90(n=7) 328=W4(n=7)
lopamidol 28*55n=1) 32%63(n=10) 324=70(n=12) 470+91(n=10) 309=49(h=10) 438=90(n=9)
Saline 244+62(n=9) 324+550n=6) 345+92(n=9) 462+71(n=6) 331+103(n=8) 468+ 63(n=5)
Statistics (ANOVA) P <.018 P <.028 P<.03 P <.047 P <.018 ns.

Note:—n.s. indicates not significant.

showed hyperthermia, with similar aver-
age body temperatures (Celsius) in all 3
groups: 39.2 = 0.9 (iodixanol), 39 = 0.8
(iopamidol), and 39.3 = 0.9 (saline).

CBF measured as the percentage per-
fusion after ischemia/before ischemia
(39 £ 26%, 39 = 17%, and 46 = 22%) or
as the percentage perfusion after IRCM/
before ischemia (88 * 14%, 90 = 18%,
and 78 = 16%) for iodixanol, iopamidol,
and saline, respectively, demonstrated no
statistical difference among groups.

No statistical difference was found for
the average neurologic score after 45 min-
utes and at 2, 12, and 24 hours among
groups (3.9 * 0.2,3.6 £ 0.3,3.4 = 1, and
3.2 * 1 in the iodixanol group; 3.7 = 0.4,
35+ 0.7,39 * 1.1, and 3.7 = 1.3 in the
iopamidol group; 4.1 = 0.3,3.3 £0.3,4.3 =
1.3, and 4.5 * 1.8 in the saline group, re-
spectively) (Kruskal-Wallis test). One ani-
mal in the iodixanol group (11%), 2 ani-
mals in the iopamidol group (17%), and 5
animals in the saline group (55%) died; 3,
at 7 hours and 2 animals at 18 hours. Dif-
ferences among groups for mortality were
not statistically significant (exact test).

All animals developed T2 and FLAIR
hyperintense signal and restricted diffusion
in the MCA territory, including the basal
ganglia, at 6 and 24 hours.”'? Both the rel-
ative and absolute infarct volumes after ad-
ministration of iodixanol were significantly
smaller than those in the other 2 groups at 6
and 24 hours (Table 1 and Fig 1). Differ-

FIG 1. T2WI (A], B], Cl) and DWI (A2, B2, C2) of 3 different rats at 24 hours after ischemia,
corresponding to the iodixanol (A7, A2), iopamidol (B], B2), and saline (Cl, C2) groups, show
decreased infarcted volume in the iodixanol group compared with iopamidol and saline groups.

ences in infarct volumes among groups
were significant at 6 hours (P < .03) and 24

was not normal; therefore, a nonparametric (Kruskal-Wallis) test
was used to compare mean areas among groups. The difference
among groups for categoric variables was assessed by using the exact
test. The Pearson coefficient was used to correlate infarct volume and
hemorrhagic area. Statistical significance was set at P < .05.

RESULTS

No statistically significant differences were found among groups
in body weight, morphometric parameters, or physiologic param-
eters as measured during surgery, including body temperature
(Celsius). Following occlusion before reperfusion, all animals

hours (P <.05) (Fig 2). Post hoc analysis for
infarct volume differences between the iodixanol and iopamidol
groups and between the iodixanol and saline groups was significant
at 6 hours (P < .03 and P < .01, respectively) and 24 hours (P < .02
and P < .008, respectively).

Excessive DWT artifacts due to inadequate coil optimization
were encountered in the first 4 animals at the 24-hour scan. The
artifacts problem was resolved for the remainder of the study.
Nevertheless, a strong trend for decreased DWI volume for the
iodixanol group was identified when comparing the absolute
DWTI infarct volumes at 24 hours.
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All animals showed HT, typically visualized on pathologic
brain sections as macroscopic non-space-occupying red areas
(Fig 3). The absolute cortical ICH in the iodixanol group was
significantly smaller than that in the other 2 groups (P < .01)
(Table 2). The incidence of cortical and deep (basal ganglia) ICH
was not different among groups (exact test).

There was a positive but nonrobust linear scatterplot correla-
tion between the MR imaging infarct volume and total hemor-
rhagic area on cut sections when all the groups were pooled (Pear-
sonr=0.415, P <.023;r* = 0.17). The correlations were positive
for each group and fell into the moderate category as well: saline,
r = 0.365, P < .335; iodixanol, r = 0.449, P < .225; and iopami-
dol, r = 0.512, P < .089 (Fig 4).

DISCUSSION

Both IV and IA IRCM injection may increase the permeability of
the blood-brain barrier under normal conditions in animals."*'
Theoretically, it is possible that large IV or IA doses of IRCM (as
used in therapeutic revascularization procedures) may contribute

to a BBB opening, edema, and HT.'®'” Following ischemia in

humans, additional leakage of IRCM across the damaged BBB has
been reported under a variety of circumstances. Contrast deposi-
tion during CT perfusion in the acute ischemic setting has been
noted to be a marker of subsequent ICH."™ It remains unclear
whether this is both cause and effect. Lummel et al* recently con-
structed a nexus between hyperattenuated cerebral lesions and
IRCM deposition immediately after mechanical revascularization
preceded by CTA/CTP, suggesting that early hyperattenuated le-
sions were IRCM-volume related with a higher risk of secondary
HT, but they did not find them necessarily predictive of reduced
clinical functional outcome.

A variety of IRCM has been used clinically in human stroke
evaluation and therapy, and IRCM differs in its effects on and
potential for passage across the injured BBB. Variable passage
across the BBB may modulate infarct edema and the risk of ICH.
Tonic hyperosmolar IRCM (~1200 mOsm) has been abandoned
for IA use due to increased neurotoxicity compared with the low-
osmolar IRCM (~700 mOsm). Doerfler et al'® showed decreased
infarct volume following IV nonionic low-osmolar IRCM (770
mOsm) versus ionic hyperosmolar iothalamate (2520 mOsm) in

a rodent permanent occlusion stroke

600.00 -

500.00 -

400.00 -

300.00 -

Infarct volume T2-WI (mm3)

200.00 -

100.00 -

imaging  Model, and they suggested that osmolar-

o time after
MCA

Occlusion

EJ6hMRI
B 24h MRI

ity, at least in part, explained the effect.
Newer iso-osmolar IRCM is theoretically
less cytotoxic due to lower osmolarity
(similar to plasma, ~300 mOsm), com-
IRCM. "¢
However, complex mechanisms other

pared with low-osmolar

than osmolarity alone are acting as
well.

IRCM effects on infarct volume and
ICH may be due to osmotic, direct neuro-
toxic, hydrostatic, or vascular occlusive
effects. The belief that IRCM hyperosmo-
larity is responsible for several adverse ef-
fects of IRCM via toxic ionic load conflicts
with data suggesting a beneficial osmotic
tonicity effect of intravascular IRCM on
the extravascular, extracellular space

based on molecular size.?'"**> The mole-

T
lodixanol lopamidol

FIG 2. Boxplot analysis of absolute infarct volume per group and at 2 different times after
ischemia (6 hours and 24 hours). There is increased volume of infarct in the iopamidol and saline

groups compared with the iodixanol group.

Saline

cule size of dimeric iodixanol (1000 d, ap-
proximately 6 times larger than mannitol)
is approximately twice as large as mono-
meric iopamidol (500 d); it may be less

FIG 3. Hemorrhagic transformation on sample animals. A, lodixanol group. B, lopamidol group. C, Saline group. Note the small amount of
hemorrhage in the iodixanol rat (arrows in A) compared with larger areas in the other 2 animals (arrows in B and C).
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Table 2: Incidence and area of cortical and deep intracranial hemorrhage on cut-section

inspection

Hydrolysis of iodixanol in vitro can
produce a derivative of propylene glycol

Cortex Deep (Basal Ganglia)

Total

Area
(mm?)°

Area

Group Incidence® (mm?)?® Incidence

Incidence

(2,3-dihydroxy-1-propylamine HOCH,-CH

—— (OH)-CH,-NH,). Propylene glycol when

(mm?)?

5 (56%)
9 (75%)
8(89%)

08 x15
182 £ 31
257 =39.7

9 (100%)
12 (100%)
9 (100%)

28 £ 23
31£246
56.7 £ 293

lodixanol (n = 9)
lopamidol (n = 12)
Saline (n = 9)

9 (100%)
12 (100%)
9 (100%)

288 + 233  injected intra-arterially in an ischemic

49.2 503
82.5 £ 627

brain model of rats has been found to de-
crease BBB dysfunction by a “sealing” ef-

2P < .0l
5 Not significant.

fect, with subsequent decreased permea-
bility and size.”>  Although
iodixanol has no biotransformation after

infarct

250.00 7

200.00

I
o
)
8

1

100.00 | x

50.00 o a x

Total Area of Hemorrhage (mm2)

.00 | o

Group

O lodixanol
X lopamidol
A Saline

intravenous injection, a similar “sealing”
effect in the BBB is possible.”*>

Clot formation and coagulation inter-
actions by IRCM also have impact on in-
x farct volume and ICH.?® Mechanisms and
effects may be paradoxical, with equilib-
rium among thrombotic, antiplatelet, and
fibrinolytic properties resulting in a dom-
inant state, which varies among different
IRCM. Specifically, iodixanol has been
found to have a less thrombotic effect
than iopamidol.”” However, no Doppler-
a measured CBF differences were identified
postreperfusion in our animals that could
x reasonably explain an effect of persistent
reduced blood flow on infarct volume in
the iodixanol group. Even in the absence

of coagulation-mediated oligemic effects,

T T T
300.00 400.00 500.00

Infarct Volume T2-WI (mm3)

T T
100.00 200.00

FIG 4. Scatterplot shows positive linear correlation between infarct volume and hemorrhagic
transformation in all groups. The correlation is mild (- = 0.415), and in some cases, large infarct

volumes were not associated with large hemorrhagic areas.

able to traverse early damage to the blood-brain barrier to exert
adverse osmotic or direct toxic effects in the extracellular space.
Conversely, iopamidol may ultimately more easily traverse the
damaged membrane to increase edema, rather than decrease it, by
osmotic effect.

Endothelial cell morphology and function may be directly af-
fected variably by IRCM injection, contributing to IRCM and fluid
passage beyond the arterial lumen.** There is conflicting evidence
regarding increased neurotoxicity once the IRCM has crossed the
BBB in animals and humans.'”*>** Heinrich et al’* compared the
direct cytotoxic effects of dimeric iso-osmolar and monomeric iso-
osmolar IRCM on renal tubular cells in vitro and found that dimeric
IRCM have stronger direct cytotoxic effects, postulating a mecha-
nism independent from osmolarity.”®

Molecular chemotoxicity, related to the chemical structure of the
molecule, decreases as the number of carboxyl groups decreases and
the number of hydroxyl groups increases. Increasing the number of
hydroxyl groups also increases the solubility of the agent, thus reduc-
ing its tendency to bind to tissues and proteins.”>’ Agents with no
carboxyl groups and a number of hydroxyl groups evenly distributed
around the main molecule have a reduced propensity for neurotox-
icity.”* Todixanol has an increased number of hydroxyl groups com-
pared with low-osmolar IRCM.

T
600.00 increased hemoglobin binding attributed

to IRCM may exert a circulatory hypoxic
effect, promoting neurotoxicity via re-
duced oxygen delivery to tissue.”®

Physical properties such as viscosity
differ among IRCM and can exert a hy-
drostatic effect.>® Todixanol has increased viscosity (11.8 cP)
compared with iopamidol (4.7 cP) at 37°C. The reduced hy-
drostatic effect across an injured BBB may account for the
reduced infarct edema volume measured compared with saline
or a less viscous low-osmolar contrast. Differences in infusion
duration were not encountered in our study. Higher viscosity
fluid may reduce antegrade reperfusion and reduce hydrostatic
infarct edema. If so, reduced viscosity-related antegrade rep-
erfusion may represent a new therapeutic option for further
exploration.

Changes in the environment, such as decreased pH or in-
creased temperature in the hypoxic brain tissue, can cause
changes in the physicochemical properties of IRCM as well. The
role these differences play in our particular results is difficult to
postulate.

We observed a trend toward increased mortality and worse
neurologic score in the saline group compared with iodixanol and
iopamidol. It is likely that significant damage of the BBB had
already occurred by the time of reperfusion 5 hours after isch-
emia. Reperfusion itself caused an inflammatory cytotoxic effect,
with increased edema and ICH. Reperfusion increases levels of
reactive oxygen species, including the superoxide radical and ni-
tric oxide.*>*! Oxidative radicals trigger activation of metallopro-
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teinases, which disrupt permeability barriers and, in turn, poten-
tiate injury to microvasculature and neural cells during ischemia
and reperfusion.*>** Larger infarcts and increased HT occur in
the reperfusion of MCA occlusion compared with permanent oc-
clusion, and metalloproteinases are particularly increased after
reperfusion compared with models of permanent occlusion.'?

Aquaporin-4 has been linked to the severity of infarct volume
but not with HT.** Therefore, the mechanism of HT, though
linked to mechanisms affecting reperfusion, infarct volume, and
edema previously discussed, might have a separate and different
pathophysiologic pathway after reperfusion in acute ischemic
stroke in humans and animals.*>

The contributions of hemorrhagic changes, typically petechial in
the rat, might also increase differences in apparent, measurable sec-
ondary infarct edema. However, on the basis of our pilot work, more
hemorrhagic changes were anticipated in the IRCM group, as op-
posed to lesser areas with iodixanol. In contrast to our pilot work, in
which 37% of saline-infused and 75% of iohexol-infused rats exhib-
ited HT, all animals in the current study exhibited HT, most frequent
and voluminous in the saline and iopamidol groups. The higher per-
centage of ICH in all groups can be attributed to the additional bur-
den of postreperfusion transportation, anesthesia, MR imaging, re-
covery, and delay before sacrifice, likely contributing to stress-
induced infarct volume and HT. Nevertheless, we identified
decreased HT in the iodixanol group. Thus, we might indeed be iden-
tifying a direct or indirect effect of iodixanol, whose exact mecha-
nisms and significance remain to be clarified.

There are a number of limitations of our methods, analyses,
findings, and hypotheses regarding the IRCM effect on infarct
volume and ICH. First, our data for infarct volume as measured
by DWI are inconclusive at 24 hours, mainly due to field inhomo-
geneity artifacts precluding 4 early cases from adequate evalua-
tion. The role of ADC for prediction of HT in our population is
yet to be explored further.**™*® The 5-hour time window is later
than typically used in ischemic rat models. Knight et al*® reported
no T2 signal changes early after reperfusion in a model of 2—4
hours of transient ischemia. Thus, the late time was chosen to
guarantee maximal ischemic potential.

The large volume and concentration of prolonged IA IRCM
injection was chosen not only to avoid overlooking any potential
adverse effect not obvious with lower volumes but also to more
closely simulate the effect of frequent, repetitive injections in the
setting of prolonged occlusion, as is commonly used in human
stroke intervention, in the timeframe when intervention is most
typically applied and when benefits of revascularization are ex-
pected to be diminishing.

Another limitation is the lack of images before reperfusion. Any
proposed protective effect of iodixanol might have been demon-
strated by different rates of increase, or reduction, of infarct edema
volume between prereperfusion and postreperfusion scans. With
surgery performed remote from the scanner site, imaging during
occlusion was impractical at this stage of investigation.

Differences in infarct volume and ICH might be attributed to
inadequate MCA occlusion or reduced reperfusion effect in the io-
dixanol group. However, Doppler CBF showed no statistical differ-
ences among groups, with overall no indication of inadequate occlu-
sion or differences in reperfusion. In addition, we have found
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spontaneous hyperthermia useful in estimating successful occlusion
of the MCA territory in our model, with direct correlation between
the body temperature and infarct size.>® All animals showed hyper-
thermia with similar average body temperatures before reperfusion
in all 3 groups. Therein, we have no evidence that the infarct devel-
opment before reperfusion was different in all 3 groups.

Nevertheless, further investigation with a larger number of
animals could improve the consistency of late DWI measure-
ments; if possible, MR imaging before reperfusion could help to
confirm our results.

CONCLUSIONS

In our MCA occlusion/reperfusion rat model, iso-osmolar iodix-
anol perfusion demonstrated reduced infarct volume and cortical
ICH area compared with both low-osmolar iopamidol and saline
perfusion. The responsible mechanism for these findings is not
clear. Multiple mechanisms are certainly possible, including not
only physical-chemical or coagulation-related effects but also an-
tioxidative or other antitoxic effects at the BBB and/or in the brain
parenchyma. Although different low-osmolar IRCM can have
distinct effects in the infarcted brain, a potential direct or indirect
effect of iodixanol might be postulated. Further investigation is
warranted.
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