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Fig. 1. SNR on T2-weighted image during renal ischemia. SNR
of cortex (Cx), outer medulla (OM) and inner medulla (IM) are
significantly decreased after clamping of renal artery. Changes
of SNR over time are not significant.
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Fig. 2. SNR of renal cortex on T2-weighted image before and
after reperfusion. SNR of renal cortex is significantly de-
creased over time (p=0.003) but the difference of SNR among
groups is not significant (p=0.42).

Table 1. Patterns of Time-Relative Signal Intensity Curve at 72 hours After Reperfusion and Mean of Time-to-Peak in Rabbits with Cyclic

Curve Patterns Before Ischemia and After Reperfusion

Sham (n=3) 30min (n="7) 1hr(n=7) 2hr (n=7)
Plateau curve pattern 0 5 7
Cyclic curve pattern 3 2 0
Location Reperfusion Mean of time to peak (sec)
Cortex Before 10.7 £ 1.9 11.6 + 2.9 11.3 £ 6.8
1hr 13.9 £ 1.92 14.0 + 2.9 11.6 + 4.5
24 hr 129 + 3.2 174 + 2.9 179 + 45
72 hrs 11.8 + 1.9 18.0 = 5.8 209 + 6.8
Outer medulla Before 16.1 £3.2 16.1 3.2 18.9 £ 6.8
1hr 182+ 1.8 29.6 + 4.8 41.8 + 18.2
24 hr 18.2 + 3.7 25.7+ 3.2 273+ 114
72 hrs 16.1 = 3.2 270+ 74 30.5+ 2.3
Inner medulla Before 225+ 3.2 21.2 £5.8 25.7 £ 13.6
1hr 246 +4.9 40.5 + 8.1 45.0 = 13.6
24 hr 236+ 19 347+ 70 30.5+ 11.4
72 hrs 26.8 + 2.5 32.1 £ 94 40.2 + 2.3
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Fig. 3. Sequential dynamic MR Images
of a left kidney of 30 minutes ischemia
group. Before ischemia, a high signal
intensity band (arrows), migrating
from cortex to inner medulla, was well
demonstrated (A). One hour after
reperfusion, the movement of high SI
band was delayed (B). MRI after 24 (C)
and 72 hours (D) reperfusion showed
improved flow of Gd-DTPA through
medulla.
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Fig. 4. Sequential dynamic MR Images
of a left kidney of one hour ischemia
group. Before ischemia, a high signal
intensity band (arrows), migrating
from cortex to inner medulla along
time, was demonstrated (A). This high
SI band was disappeared and stagna-
tion of Gd-DTPA was noted in the
medulla after one and 24 hours reper-
fusion (B, C). 72 hours after reperfu-
sion, the migrating high SI band was
not seen but the stagnation of Gd-DT-
PA in medulla was improved (D).
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Fig. 6. Area under the time-relative signal intensity (%RSI) curve
of renal cortex (A), outer medulla (B) and inner medulla (C) after
reperfusion. Areas under %RSI curve of all layers are signifi-
cantly changed over time. Areas under the time-%RSI curve of
outer and inner medulla of 2 hour ischemia group are signifi-
cantly higher than those of 30 minute ischemia group (p=
0.004, p<0.001).
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Table 2. Correlation Between Pathologic Grading and Ischemia Group

o Group (Duration of ischemia)
Grade Description
1(0.5hr) 1I(1hr) II(2hrs)
0 No signs of necrosis 3(42.9%) 2 (28.6%)
1 Necrosis of individual cells
< 10/ HPF 4(57.1%) 4(57.1%)
10-30/HPF 2 (28.6%)
> 30/ HPF 2 (28.6%)
2 Necrosis of all cells in adjacent PCT* with survival of surrounding tubules 1(14.3%) 2 (28.6%)
Necrosis confined to distal 1/3 of PCT* with band of necrosis extending across inner cortex 1(14.3%)
4 Necrosis of all three segments of PCT 0 0 0
Total 7 7 7
p=0.002, Kruskal-Wallis test, *PCT, proximal convoluted tubule.
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Fig. 7. Area under the time-relative signal intensity (%RSI) curve along layers from cortex to inner medulla. Before ischemia, the area
under the curve is gradually decreased from cortex to medulla (A). one hour after reperfusion, the area under the curve is reversed;
the area is gradually increased from cortex to medulla (B). This pattern is also seen at 24 hours after reperfusion (C). 72 hours after
reperfusion (D), 30 minute and one hour ischemia groups show little difference in the area under the curve between cortex and
medulla whereas two hour ischemia group shows again higher area under the curve of renal medulla than that of cortex.
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Fig. 8. Relative left renal uptake (%) of *»Tc DMSA before and
after reperfusion of left renal artery. Relative left renal uptake
is significantly decreased over time (p=0.03). The two hour is-
chemia group shows significantly lower uptake than 30
minute and one hour ischemia groups after reperfusion
(p=0.005).

Table 3. Mean Value of Parameters of MRI and *"Tc-DMSA Scintigraphy Before Ischemia and After 72 hour Reperfusion in Rabbits

Without Tubular Cell Necrosis

Variables Before ischemia 72 hrs after reperfusion P-value*
MRI SNR on T2WI Cortex 12.3 7.2 0.088
Outer medulla 15.7 14.9 0.687
Inner medulla 18.3 21.3 0.562
Area under the time-%RSI curve ~ Cortex 17501 9086 0.007
Outer medulla 14747 9706 0.005
Inner medulla 13669 9323 0.004
DMSA Relative left renal uptake (%) 45.90 47.9 0.500

* Paired t-test

Table 4. Mean Value of Parameters of MRI and **Tc-DMSA Scintigraphy Before Ischemia and After 72 hour Reperfusion in Rabbits with

Tubular Cell Necrosis

Variables Before ischemia 72 hrs after reperfusion P -value*

MRI SNR on T2WI Cortex 12.0 10.1 0.088
Outer medulla 15.0 15.5 0.611

Inner medulla 19.3 21.4 0.073

Area under the time-%RSI curve  Cortex 15803 10382 < 0.001

Outer medulla 14280 10192 < 0.001

Inner medulla 12978 12731 0.796

DMSA Relative left renal uptake (%) 50.5 26.1 < 0.001

* Paired t-test
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Fig. 9. Histology of left renal cortex (H and E). No sign of necrosis in proximal convoluted tubules (A, x400). Necrosis of several
tubular cells in grade I necrosis (arrow in B, X 400). Necrosis of All cells in a tubule in grade II necrosis (C, X 400). Necrosis extend-

ing across the inner cortex in group III necrosis (D, X 200).
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Dynamic Contrast-Enhanced MR Imaging of
Renal Ischemia-Reperfusion Injury"

Jun Hyun Baik, M.D., Myeong Im Ahn, M.D., Young Ha Park, M.D., Soo Kyo Chung, M.D.

'Department of Radiology and Nuclear Medicine, The Catholic University of Korea

Purpose: To evaluate the usefulness of magnetic resonance imaging (MRI) in a renal ischemia-reperfusion in-
jury.

Materials and Methods: Twenty-four rabbits were randomly divided into four groups, including a sham oper-
ated group (n=3). Renal ischemia was induced for 30 minutes (group 1), 60 minutes (group 2) and 120 minutes
(group 3). MR imaging was performed before ischemia as well as one hour, 24 hours, and 72 hours after reper-
fusion. A *~Tc-dimercaptosuccinic acid (DMSA) scintigraphy was performed before ischemia, as well as 24
hours and 72 hours after reperfusion. The signal-to-noise ratio (SNR) on the T2WI, time-relative signal intensi-
ty (%RSI) curve on dynamic enhanced images, and relative left renal uptake (%) on DMSA scan were obtained
and compared to the histologic findings.

Results: The SNR of the cortex on the T2WI changed significantly over the course of the reperfusion time
(p<0.001), but was not significantly different among the ischemia groups. The area under the time-%RSI
curve gradually decreased from cortex to inner medulla before ischemia, which was reversed and gradually
increased after reperfusion. The areas under the time-%RSI curve of outer and inner medulla were significant-
ly different among the ischemia groups (p=0.04, p=0.008). The relative renal uptake (%) of left kidney de-
creased significantly over the reperfusion time (p=0.03), and was also significantly different among the is-
chemia groups (p=0.005). Tubular cell necrosis was observed in 16 rabbits (76.2%). The histologic grades of
group 3 were higher than those of group 1 and group 2 (p=0.002). Even in rabbits without tubular cell necro-
sis, the areas under the time-%RSI curves of the cortex, outer, and inner medulla after a 72 hour reperfusion
time were significantly lower than those before ischemia (p=0.007, p=0.005, p=0.004).

Conclusion: The results of this study suggest that dynamic enhanced MR imaging could be a useful tool for the
evaluation of renal ischemia and reperfusion injury.
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