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Ultrasonographic Changes of Acute Renal Failure Induced by Gentamicin in Dogs

Gyunghun Jin and Jongtae Cheong'
Department of Veterinary Medicine, Cheju National University

Abstract : Present study was undertaken in order to document early renal ulirasonographic changes of gentamicin
nephrotoxicosis and to show the value of renal ultrasonography as a contributory means of early diagnosis of acute renal
failure in dogs. The experimental design was a randomized complete block design with six treatments in two blocks (gentamicin-
treated & saline-treated). Acule renal failure was induced by toxic dosage of gentamicin (30 mg/kg) and saline solution sham
equivalent in volume to that of the loxic dosage of gentamicin (1.5-3 ml). Subjective visualization of increased remal cortex
echogenicity (IRCE) was objectified with digital image analysis methods. Before treatment, the renal cortex was visible as
homogenous echoes (hat were hypoechoic relative (o the surrounding tissues, whereas the renal medulla was anechoic to slightly
hypoechoic. After treatment, the renal cortex was hyperechoic relative to the surrounding tissue. Increased rtenal corfex
echogenicity was associated with significant nephrotoxicosis and was superior to serum creatinine elevation in nephrotoxicosis
detection. Urine GGT was superior to other clinicopathological data utilized in the diagnosis of nephrotoxicosis. Based on
the above results, increased renal cortex echogenicily seemed to be of use in detecting of acute renal failure
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Table 1. The experimental trials of the dogs

No. of Dosage of
Group dogs Drugs administration
Gentamicin 10 mg/ke, IV,
Treatment 6 sulfate TID for 10 days
Control 6 Saline 0.5~1 mi/day, TV,

TID for 10 days
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Fig 1. Ultrasonographic determination of the renal size in the four measurements is shown in dogs. The measurement was per-
formed using electric calipers. Length was determined along longitudinal axis of the kidney in the longimdinal section from the
back. Depth 1 was measured along the axis at right angles to the longitudinal axis in the same section. Depth 2 was measured
along the longer axis of the kidney in the transverse scction from the back. Width was measured along the axis at right angles

to the longer axis.
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Table 2. Classification of echo intensity

Grade Value Ultrasonographic evaluation
I 1 Nommal, less than liver
I 2 Greater than or equal to liver, less than spleen
1 3 Equal to spleen
v 4 Greater than spleen

- Modified from “Increased renal cortical echogenicity in pediatric
renal disease: histopathologic correlation’ by Brenbridge et al.?.
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Table 3. Renal cortex histopathology subjective grading scale
Grade Renal cortex histopathology
1 Normal

’ Cytoarchitectural abnormal, cellular necrosis, or both in
10% or less of proximal tubules within the sample

Cytoarchitectural abnormal, cellular necrosis, or both in
10% or 50% of proximal tubules within the sample

Cyloarchitectural abnormal, cellular necrosis, or both in

4 greater than 50% of proximal tubules within the sample

-Derived from 'Gray-scale sonographic characterization of aminogly-
coside induced nephrotoxicosis in a canine model' by Rivers et al.”.
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Fig 2. Mean length of left kidney versus time in days. Day
zero represents baseline screening values. Statistically signif-
icant differences exist between values for the treatment group
versus the control group; The size of left kidney was signif-
icantly increased at the 8th, the 10th day in gentamicin-treated
group (%; p<0.05, **; p<0.01). Values represent means x SD.
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Fig 3. Mean length of right kidney versus time in days. Da
zero represents baseline screening values. Statistically signifi
cant differcnces exist between values for the treatment grou
versus the control group; The size of right kidney was signit
icantly increased at the 10th day in gentamicin-treated grou
(*; p<0.05). Values represent means + SD.
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Fig 4. Mean echogenicity score of kidney versus time in days.
Day zero represents baseline screening values. Statistically
significant differences exist between values for the treatment
group versus the control group; There was significantly
increased from the 6th day to the 10th day in gentamicin-
treated group (*; p<0.05, **; p<0.01). Values represent means
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Fig 6. Objective assessment of renal cortex echogenicity ver-
sus time in days. Day O represents baseline screening values.
Data points consist of a ratio constructed from mean gray
value per pixel in a region of interest from kidney cortex,
divided by mean gray-level per pixel in from adjacent liver
(for right-kidney ratio) or spleen (for left-kidney ratio). Sta-
tistically significant differences for both left and right kidney
objective renal cortex echogenicity ratio values exist between
values for the treatment group versus the control group (*;
p<0.05, **; p<0.01). ROI : region of interest. Values represent
means * SD.
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Fig 5. Sequentially obtained vltrasonographic images from gentamicin treated group illustrating representative examples of subjecti
renal cortex echogenicity grading scale. Each figure of sonographic images, denoted A through D, left kidney and adjacent splee
obtained on the same day of data collection. Sonographic images in: A demonstrate grade 0; B demonstrate 1; C demonstrate 2; an

D demonstrate 3.
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Fig 7. Renal enlargement volume in four measurements deter-
mincd by ultrasonography.

Table 4. Renal measurement on ultrasonographic and actual
size

Koy pphiosue s rato
Length  41.5£3.42% 387+£342 1.07%0.06
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Fig 8. Mean wurine specific gravity versus time in days. Day
zero represents baseline screening values. The values of urine
specific gravity was no statistical differences between gen-
tamicin-treated and saline-treated group. Values represent
means + SD.
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Fig 9. Mean urine pH versus time in days. Day zero repre-
sents baseline screening values. The values of pH significantly
increase on the 8th day after the administration in gentamcin-
treated group (*; p<0.01). Values represent means + SD.
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Table 5. Hematological values of dogs according to the administration of gentamicin and saline in days
Days Group N. of heads  RBC (10*/ul) WBC (/ul) PCV (%) Fib. (mg/dl) TP (g/dl)
Treat 6 500+ 77" 9808% 3025 44,54 2 504 283+ 150 6.7% 0.56°
0 Control 6 465k 88 7425+ 1908 37.0%4.33 333% 155 6.5+ 0.35
Treat 6 480+ 82 10556% 2643 33.5+2.33 383 155 6.1+ 0.76
2 Conirol 6 551£ 66 8500+ 983 30.6%1.11 3664 111 6.1+ 0.63
A Treat 6 504+ 32 10308=% 1605 33.5+4.16 350+ 183 6.4£ 0.91
Control 6 480+ 67 97914+ 1955 32.8+3.11 233+ 122 5.8+0.37
Treat 6 458190 9541+ 1191 34.6£1.77 250k 100 6.2+ 0.26
6 Control 6 505+ 59 9558+ 775 30.3+ 4.88 3834 61 6.2+ 0.38
Treat 6 524+ 93 9401+ 2015 32,84 1.88 166 44 6.3+ 0.33
8 Control 6 517+ 35 9008+t 1458 32.6% 4.00 233+ 122 6.1+ 0.27
Treat 6 528+ 68 9516t 861 20,54 2.33%% 316=x 150 6.1:£ 0.430%
10 Control 6 556+ 42 9213+ 1925 34.2+ 3.66 283+ 183 6.2 0.31

T; Time, 1); Mean = 8D

Treal; Gentamicin treated group

Control; Saline treated group

A: a, B: b; Significantly differential pairs(*; p<0.05, **#; p<0.01)
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Fig 10. Mean urine gamma glutamy! transpeptidase versus
time in days. Day zero represents baseline screening value.
Statistically significant differences exist between values for
the treatment group versus the control group; Urine GGT was
significantly increased from the 2nd day to the 10th day in
gentamicin-treated group (¥; p<0.05, **; p<0.01). Values rep-
resent means = SD.
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Fig 11. Mean setum blood urea nitrogen versus time in days.
Day zero represents baseline screening values. The values of
serum BUN was significantly increased at the 8th, the 10th
day in gentamicin-(reated group (*; p<0.01). Values represent
means + SD.
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Fig 12, Mean serum creatinine concentration versus time in
days. Day zero represents baseline screening values. The values
of serum creatinine concentration was significantly increased
from the 6th day to the 10th day in gentamicin-treated group (*;
p<0.05, **; p<0.01). Values represent means + SD.
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Fig 13. Mean renal cortex histopathology grade of gentami-
cin-treated group were significantly higher than that of saline-
treated group (*; p<0.01). Values represent means + SD.
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