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Introduction
As the usage of iodinated contrast media (CM) increases, Contrast-induced nephropathy (CIN) has become one of the most prevalent causes of acute renal failure,

especially in patients suffering from diabetes or cardiovascular pathology (1, 2). Previous research on CIN has been limited by the methods to monitor renal blood flow

(RBF) and partial pressure of oxygen (pO,) (3). Accordingly, we aimed to quantify the functional response to iodinated CM injection in rabbits using FAIR-ASL and

BOLD MRI. We hope that these MR techniques could be used as a noninvasive tool to study the pathogenesis associated with CIN.

Materials and Methods

Fifteen healthy rabbits were randomized into iopamidol (n=10) and control (n=5) groups.
Experiments were conducted on a 3T GE MR scanner with a commercial QUADKNEE coil. The
single shot FSE (SSFSE) with FAIR preparation was adopted for ASL scans, inversion time (TI) of
1400ms (4).The BOLD images for R2* evaluation were obtained by using a multi-echo SPGR
sequence with 12 TEs (5). The baseline FAIR-ASL and BOLD images were obtained before iodinated
CM injection. After a 24-hour control period, the rabbits received an intravenous injection of
iopamidol-370 with dosage of 6ml/kg body weight or an equivalent amount of 0.9% saline. A serial
MR examination was performed at 1 hour, 24 hours, 48 hours and 72 hours following injection to
monitor the dynamic response of intra-renal perfusion and oxygenation. RBF maps were quantified ©® . . -
by ASL data (the renal cortex: 0-600 ml/100 g/min, the medulla: 0-250 ml/100g/min). R2* maps were [igure 1: Representative axial ASL images. a) Three raw
constructed with GE FUNCTOOL, by fitting the signal intensity values to a mono exponential curve, images with global inversion; (b) corresponding raw images
One-way ANOVA and Fisher's LSD test were used to determine the time-dependent changes of RBF
and R2* in different ROIs.

Results

The ASL images revealed enough spatial information to visually determine tissue contrast between
the renal cortex and medulla (Fig.1). Fig 2 shows a representative baseline BOLD image from a
rabbit’s left kidney. As shown in Fig.4, the cortical RBF was reduced at 1-24 hours after iopamidol- *
370 administration (P=.04 and P=.01 vs. baseline), and gradually returned to a relatively baseline level Figure 2: Axial multiple-echo SPGR BOLD images. a) The
within 48-72 hours (P=NS). The medullary RBF was prominently reduced at 1-48 hours after 'aW image (TE=19ms, 128x128 with 12cm FOV) provides
administration (P=.00, P=.00 and P=.01), but retained at a low level until 72 hours (P=.05). There was ¢nough spatial resolution to identify CO, OS, IS and IM; (b)
no significant change in either cortical or medullary RBF at each time point in control group. It reveals TE-dependent signal intensities in four ROIs were fitted by a
that iopamidol-370 produces a more RBF reduction in medulla than in cortex, which implies a more mono exponential curve; ¢) Ro* map; d) T2* map.
vulnerability of the renal medulla to CM-associated ischemia. Within the kidney IS, the mean R,* was
greatly increased at 1 hour after iopamidol-370 administration (P=.00), remained higher than baseline
at 24 hours (P=.05), and gradually recovered to baseline within 48-72 hours after iopamidol-370
administration (P=NS) (Fig.5). The iopamidol did not produce statistically significant changes in R,*
in the kidney CO, OS and IM (P=NS). In control group, there was no significant change in R,* in each
kidney structure due to saline injection (P=NS).

Discussion and Conclusion

Evaluation of the iodinated CM effects on renal hemodynamics and oxygenation is critical to help us
better understand and prevent CIN. By using noninvasive ASL and BOLD MR techniques, our study
demonstrated that non-ionic, high-osmolality iopamidol-370 produces a relatively long-term reduction
in kidney function. It has further illustrated that iopamidol induces a significant and protracted hypoxic
state of the kidney, particularly within the inner stripe of the outer medulla.

In conclusion, with the usage of a noninvasive ASL and BOLD MRI, the present study reveals a
time-course decrease in RBF and oxygen level due to iodinated CM. The finding of extreme and
prolonged hypoxic state of the kidney, particularly in the inner stripe of the outer medulla, is valuable
to understand the pathogenesis of CIN.
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Figure 3: Delayed hypoperfusion and hypoxic state of the
kidney induced by iopamidol. Baseline ASL and BOLD
imaging shows excellent blood flow and high oxygen level,
while post scans at 24 hours revealed RBF was greatly
decreased and outer medullary R,* was greatly increased
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Figure 4: RBF reduction within 72 h following iopamidol administration. The
mean cortical RBF decreased by 1 h, reached its minimum by 24 h and gradually
returned to baseline by 48 h. a) The medullary RBF decreased to its minimum by
24 h and remained lower than baseline at 72 h; b) lopamidol produced a greater
reduction in RBF within the medulla as compared to the cortex of this kidney (b).
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Figure 5: Renal Ry* within 72 h following iopamidol administration. (a) Ry* in
the kidney IS increased rapidly to maximum at 1 h (P=.00 vs. baseline), and
stayed higher level at 24 h (P=.05), while falling to normal within 48-72 h. The
R2* in CO, OS and IM increased slightly (P=NS); (b) Iopamidol induced a
more great R,*increase in the kidney IS than the other regions, and the R,*
change in the kidney IM showed a large deviation.
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