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ABSTRACT

The aim of this study was to determine the accuracy of ultrasono-
graphic measurement of canine kidneys. A method agreement
analysis comparing pairs of measurements (ultrasonographic kid-
ney dimensions and direct kidney dimensions) was performed.
Nineteen dogs aging from one to thirteen years were used. The
ultrasonographic and anatomic linear parameters obtained from
the kidneys were the following: width, length and height; the kid-
ney volume was estimated from these measures using the for-
mula of an ellipsoid. The statistical method performed (method
agreement) demonstrated a satisfactory agreement. It can be
concluded that ultrasound measurement is sufficiently accurate
for clinical use, assuming a careful scanning technique.

Key words: Kidney, dog, ultrasonography, measurements,
statistical agreement analysis.

RESUMEN

El objetivo de este trabajo fue determinar la fiabilidad de las
medidas ecograficas de los rifiones del perro. Se llevd a cabo
un analisis de concordancia entre métodos (medidas ecografi-
cas del rindn y medidas anatdmicas directas). Se utilizaron pe-
rros cuyas edades iban de uno a trece afios. Las medidas eco-
graficas y anatdmicas lineales que se obtuvieron de los rifio-
nes fueron las siguientes: anchura, longitud y altura. El volu-
men renal se estim6 aplicando estas medidas en la formula de
un elipsoide. A través de un analisis de concordancia estadisti-
ca se observo un nivel de acuerdo satisfactorio. Se puede con-
cluir que las medidas ecograficas son suficientemente fiables
para su uso en clinica, si se lleva a cabo una cuidadosa técni-
ca ecografica.
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INTRODUCTION

Ultrasonography is a very important imagine technique
non-invasive for the study of the renal disease [9]. It is a very
useful method to evaluate kidney size, shape, location as well
as the internal structure. The evaluation is not affected by kid-
ney function. Ultrasonography and radiography (conventional
radiography and excretory urography) are imaging techniques
of choice in clinical practice and, although ultrasonography
presents some advantages over radiography, usually both pro-
cedures are complementary [7].

In nephrology, other diagnostic imaging methods used,
such as magnetic resonance imaging [10], computerized tomo-
graphy [8] or nuclear scintigraphy [12], provide as well valuable
information. However, these methods are expensive and are
only available in clinical reference centers.

Alterations in kidney size appear commonly in canine
(Canine familiaris) renal disease. Ultrasonographic study of
these changes is very important for the diagnosis and progno-
sis of these disorders [4].

Several reports have demonstrated the accuracy of ultra-
sonography to determine the renal measurements. The most im-
portant studies were published by Nyland et al. [6] and Felkai et
al. [3], whom determined the renal volume from linear ultrasono-
graphic measurements. Moreover, Barr [1] determined the repro-
ducibility and accuracy of ultrasonographic measurements of lin-
ear renal parameters in the dog and evaluated a method to calcu-
late the renal volume. Since then and to date, other studies using
a more novel statistical method have not been published.
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In this study, the linear ultrasonographic measurements of
the kidneys have been compared with the same linear anatomic
measurements. Subsequently, both renal ultrasonographic and
anatomic volume have been calculated using the formula for the
volume of an ellipsoid. Finally, data have been compared using
the statistical method agreement to validate ultrasonography as
an accurate method to evaluate the renal size.

MATERIALS AND METHODS

Nineteen dogs referred to the Internal Medicine Depart-
ment of the Veterinary Teaching Hospital at Extremadura Uni-
versity (Spain) were used. The group included animals of differ-
ent sex, and aging from 1 to 13 years (mean = 5.79 + 3.35),
ranging in bodyweight from 5 to 47.5 kg (mean = 24.66 + 12.38
kg). Breeds included in the study were the following: Epagneul
Breton, Belgian sheepdog, English cocker spaniel, Pit bull ter-
rier, Yorkshire terrier, Boxer, Napolitan mastiff, Siberian husky,
English bulldog, Beagle, Basset hound and cross breed.

Animals used in the study were euthanized for reasons
other than renal disease. In each case, the owners had given
permission for post mortem examination. Physical examination
as well as hematological, biochemical and urinary tests were
performed to confirm the absence of renal disease.

Ultrasonographic measurements were performed imme-
diately after euthanasia. The protocol established for the ultra-
sonographic examination was the following: A patch of hair
was clipped just ventral to the sublumbar muscles, just behind
the last rib on the left and over the last two intercostal spaces
on the right. The skin was prepared by cleaning the area, and
an enough quantity of acoustic gel (MeVeSur, El Puerto de
Santa Maria, Spain) was applied. Real-time ultrasonographic
images were obtained with an ultrasound system (Philips HDI
5000, Madrid, Spain), using a sector transducer with variable
receiving frequency (2-5.0 MHz) (Philips, Madrid, Spain). Fi-
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FIGURE 1. LONGITUDINAL SECTION OF A KIDNEY OBTAI-
NED USING ULTRASONOGRAPHY/ SECCION LONGITUDINAL
DE UN RINON OBTENIDA MEDIANTE ULTRASONOGRAFIA.

nally, the kidneys were removed and a caliper was used to per-
form the anatomic measurements.

Ultrasound measurements

Two standard planes of section were imaged in each kid-
ney. In addition, three measurements were performed for each
plane and the mean of the three results was taken. The ultra-
sound measurements obtained were the following:

— Transverse section. The animal was placed in lateral re-
cumbency with the kidney to be examined uppermost. The
transducer was positioned on the left flank just behind the
last rib for the left kidney, and on the right flank, over the
last two intercostal spaces, for the right kidney. Then, the
kidney was located and the transducer was rotated through
90° to get the maximum transverse section. Renal width
and height were measured in this plane (FIG. 1).

— Coronal section. The animal was also positioned in lat-
eral recumbency and the transducer situated in the loca-
tion previously described. The transducer was moved
until the long axis of the kidney was maximal. Renal
length was recorded in this plane (FIG. 2).

Kidney volume determination using ultrasound

The approximate renal volume was estimated using the
formula for the volume of an ellipsoid: V=L x W x H x 0.523 (V
= volume; L = length; W = width; H = height).

Anatomic measurements

Renal length, width and height were measured using a
caliper. Three measurements were performed for each pa-
rameter and the mean was recorded.

Anatomic volume determination

The anatomic volume was calculated using the means of
the three direct measurements of renal length, width and
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FIGURE 2. CORONAL SECTION OF A KIDNEY OBTAINED

USING ULTRASONOGRAPHY./ SECCION TRANSVERSAL DE UN
RINON OBTENIDA MEDIANTE ULTRASONOGRAFIA.
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height. The formula for the volume of an ellipsoid previously
described (V =L x W x H x 0.523) was applied.

Statistical analysis

The repeatability of each method (ultrasonographic
measurements and direct measurements) was calculated as-
sessing the differences between pairs of repeated measure-
ments and the mean of these differences (d) which is an esti-
mate of the mean bias of the first experiment relative to the
second. As a measure of repeatability, the British Standards
Institution repeatability coefficient [8] was calculated as twice
the SD of the differences. This coefficient is used as indication
of the maximum difference likely to occur between repeated
measurements.

A method agreement analysis between two protocols (ul-
trasonographic kidney dimensions and direct kidney dimen-
sions) was done. Differences between paired measurements
on the same samples and the mean of these differences (d)
were calculated to estimate the mean bias of one method rela-
tive to the other. The 95% limits of agreement were calculated
as d £ SD. SD is the standard deviation of the differences be-
tween paired measurements [8]. All calculations were done us-
ing Microsoft Excel [11].

RESULTS AND DISCUSSION

The physical examinations and laboratory work from the
dogs used in this study were normal. The rest of results ob-
tained are shown in TABLE I.

The kidneys in the dog usually can be imaged from a
ventral approach, with the animal situated in dorsal recum-
bency [1,2,3]. However, in this work both flanks have been
used as acoustic windows to avoid the interference in renal
measurements caused by gas bowel.

The aim of this study was to evaluate the accuracy and
reproducibility of the linear measurements of canine kidneys
using ultrasonography and to calculate the renal volume with
the formula of an ellipsoid. Previous reports established the
precision of both the ultrasonographic measurements of the
kidney [1,2] and the estimation of the renal volume [3,6] for
comparing with the direct measurements of the kidney. Be-
cause it has been shown that the kidney size changes follow-
ing its removal from the body [6], in the present study, the dif-
ference with respect to previous report lies in the fact that the
anatomic measurements from kidneys have been compared
with the ultrasonographic measurements using the statistical
method agreement (TABLE Il). In addition, the renal volume
was calculated from direct linear measurements obtained of
the kidney (“anatomic measurements”), instead of using the
classic method of water displacement; subsequently, the renal
volume was compared with that obtained from the linear ultra-
sonographic measurements using as well the method agree-
ment (TABLE II).
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TABLE Il
METHOD AGREEMENT ANALYSIS RESULTS./RESULTADOS
DEL ANALISIS DE CONCORDANCIA ESTADISTICA.

Kidney Width Height Length Volume
(cm) (cm) (cm) (cm®)

Left -0.32+1.02 0.32+1.86 0.39%1.78 6.24 + 54.60
Right -0.39+0.88 0.16+1.64 0.25+2.16 1.15+42.08

The difference between the means of the repeated meas-
urements of the right kidney width was d = — 0.39 (TABLE lI),
and the value of the left kidney was d = — 0.32 (TABLE Il). The
British Standards Institution repeatability coefficients were 2SD
= 0.88 (TABLE Il) for the right kidney, and 2SD = 1.02 (TA-
BLE II) for the left kidney (FIGS. 3 and 4) the length of each kid-
ney measured ‘in vivo” was compared with the ultrasonographic
dimensions. The mean difference between repeated measure-
ments of the right kidney was d = 0.25 (TABLE II), with the Brit-
ish Standards Institution repeatability coefficient being 2SD =
2.16 (TABLE Il and FIG. 5). The results for the left kidney were
d =0.39 and 2SD = 1.78 (TABLE Il and FIG. 6). When the anat-
omic height measurement was compared with the ultrasono-
graphic height measurements, the values of “d” were 0.16 for
the right kidney (TABLE Il) and 0.32 for the left kidney (TA-
BLE II). The British Standards Institution repeatability coeffi-
cients were 2SD = 1.64 and 2SD = 1.86 for the right and left kid-
ney, respectively (TABLE Il and FIGS. 7 and 8).

The limits of agreement (d £ 2 SD) of each volume kid-
ney were calculated and the result for the right kidney was 1.15
+42.08 (TABLE Il and FIG. 9), and 6.24 + 54.60 for the left kid-
ney (TABLE Il and FIG. 10).

Two ways of evaluating renal measurement: ultrasono-
graphic kidney dimensions and direct kidney dimensions were
used. FIGS. 3 and 10 show that the scatter of the points is ran-
dom, indicating that the size of the discrepancy between the two
methods of measures is not related to the number of measure-
ments. It was observed that 95% of differences lie within of limits
of agreement, except for the width values from the right kidney.
Right kidney ultrasound measurements are usually more difficult
to obtain than those of the left kidney because of gas bowel and
the cranial location of the right kidney under the rib cage.

CONCLUSION

This is a satisfactory agreement, and the ultrasono-
graphic method is able to use for renal measures with reason-
able confidence in the dogs. Therefore, it was concluded that
linear kidney ultrasound measurements “in vivo” appear to be
sufficiently accurate for clinical use. Renal volume may be cal-
culated using the formula for the volume of an ellipsoid, and
this gives a good indication of the true renal volume The ex-
actitude of the measure depend of operator's competence us-
ing ultrasound equipment and to the sonologist knowledge and
experience.
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FIGURE 3. METHOD AGREEMENT ANALYSIS OF RIGHT KIDNEY WIDTH DETERMINED BY ANATOMIC MEASUREMENTS
AND ULTRASONOGRAPHIC MEASUREMENTS. THE MEAN OF THE DIFFERENCES (D) AND THE LIMITS OF AGREEMENTS
(D £ 2SD) ARE GIVEN (N=19)./ ANALISIS DE CONCORDANCIA ESTADISTICA DE LA ANCHURA DEL RINON DERECHO DETERMINADA
MEDIANTE MEDIDAS ANATOMICAS Y MEDIDAS ECOGRAFICAS. SE MUESTRAN LA MEDIA DE LAS DIFERENCIAS (D) Y LOS LIMITES DE
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FIGURE 4. METHOD AGREEMENT ANALYSIS OF LEFT KIDNEY WIDTH DETERMINED BY ANATOMIC MEASUREMENTS
AND ULTRASONOGRAPHIC MEASUREMENTS. THE MEAN OF THE DIFFERENCES (D) AND THE LIMITS OF AGREEMENTS
(D * 2SD) ARE GIVEN (N=19)./ ANALISIS DE CONCORDANCIA ESTADISTICA DE LA ANCHURA DEL RINON IZQUIERDO DETERMINADA
MEDIANTE MEDIDAS ANATOMICAS Y MEDIDAS ECOGRAFICAS. SE MUESTRAN LA MEDIA DE LAS DIFERENCIAS (D) Y LOS LIMITES DE
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FIGURE 5. METHOD AGREEMENT ANALYSIS OF RIGHT KIDNEY LENGTH DETERMINED BY ANATOMIC MEASUREMENTS
AND ULTRASONOGRAPHIC MEASUREMENTS. THE MEAN OF THE DIFFERENCES (D) AND THE LIMITS OF AGREEMENTS
(D £ 2SD) ARE GIVEN (N=19)./ ANALISIS DE CONCORDANCIA ESTADISTICA DE LA LONGITUD DEL RINON DERECHO DETERMINADA
MEDIANTE MEDIDAS ANATOMICAS Y MEDIDAS ECOGRAFICAS. SE MUESTRAN LA MEDIA DE LAS DIFERENCIAS (D) Y LOS LIiMITES DE
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FIGURE 6. METHOD AGREEMENT ANALYSIS OF LEFT KIDNEY LENGTH DETERMINED BY ANATOMIC MEASUREMENTS
AND ULTRASONOGRAPHIC MEASUREMENTS. THE MEAN OF THE DIFFERENCES (D) AND THE LIMITS OF AGREEMENTS
(D £ 2SD) ARE GIVEN (N=19)./ ANALISIS DE CONCORDANCIA ESTADISTICA DE LA LONGITUD DEL RINON IZQUIERDO DETERMINADA
MEDIANTE MEDIDAS ANATOMICAS Y MEDIDAS ECOGRAFICAS. SE MUESTRAN LA MEDIA DE LAS DIFERENCIAS (D) Y LOS LiMITES DE
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FIGURE 7. METHOD AGREEMENT ANALYSIS OF RIGHT KIDNEY HEIGHT DETERMINED BY ANATOMIC MEASUREMENTS
AND ULTRASONOGRAPHIC MEASUREMENTS. THE MEAN OF THE DIFFERENCES (D) AND THE LIMITS OF AGREEMENTS
(D £ 2SD) ARE GIVEN (N=19)./ ANALISIS DE CONCORDANCIA ESTADISTICA DE LA ALTURA DEL RINON DERECHO DETERMINADA
MEDIANTE MEDIDAS ANATOMICAS Y MEDIDAS ECOGRAFICAS. SE MUESTRAN LA MEDIA DE LAS DIFERENCIAS (D) Y LOS LIMITES DE
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FIGURE 8. METHOD AGREEMENT ANALYSIS OF LEFT KIDNEY HEIGHT DETERMINED BY ANATOMIC MEASUREMENTS
AND ULTRASONOGRAPHIC MEASUREMENTS. THE MEAN OF THE DIFFERENCES (D) AND THE LIMITS OF AGREEMENTS
(D £ 2SD) ARE GIVEN (N=19)./ ANALISIS DE CONCORDANCIA ESTADISTICA DE LA ALTURA DEL RINON 1ZQUIERDO DETERMINADA
MEDIANTE MEDIDAS ANATOMICAS Y MEDIDAS ECOGRAFICAS. SE MUESTRAN LA MEDIA DE LAS DIFERENCIAS (D) Y LOS LIiMITES DE

CONCORDANCIA (D = 2SD) DONDE N=19.
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FIGURE 9. METHOD AGREEMENT ANALYSIS OF RIGHT KIDNEY VOLUME DETERMINED BY ANATOMIC MEASUREMENTS

AND ULTRASONOGRAPHIC MEASUREMENTS. THE MEAN OF THE DIFFERENCES (D) AND THE LIMITS OF AGREEMENTS

(D + ZSD) ARE GIVEN (N=19)./ ANALISIS DE CONCORDANCIA ESTADISTICA DEL VOLUMEN DEL RINON DERECHO DETERMINADO

MEDIANTE MEDIDAS ANATOMICAS Y MEDIDAS ECOGRAFICAS. SE MUESTRAN LA MEDIA DE LAS DIFERENCIAS (D)Y LOS LIMITES DE
CONCORDANCIA (D + 2SD) DONDE N=19.
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FIGURE 10 METHOD AGREEMENT ANALYSIS OF LEFT KIDNEY VOLUME DETERMINED BY ANATOMIC MEASUREMENTS
AND ULTRASONOGRAPHIC MEASUREMENTS. THE MEAN OF THE DIFFERENCES (D) AND THE LIMITS OF AGREEMENTS
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