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The qualitative and quantitative assessment of the renal cortex of the
clinically healthy rabbits
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Abstract: Qualitative ultrasonographic images in diagnosing renal parenchymal diseases can be inadequate. The relationship
between renal cortical echogenicity and parenchymal disease has been demonstrated in people. However, it is difficult to determine
diffuse fat vacuoles and the parenchymal diseases at qualitative renal assessment. Disorders of the renal cortex are frequently seen in
rabbits. The aim of this study was to qualitatively and quantitatively evaluate the echogenicity of the renal cortex in clinically healthy
rabbits. Fourty-two clinically normal and with no history of renal disease rabbits were used. The each rabbit was investigated by
complete blood count, urinalysis and renal biopsy. Renal ultrasonography was performed with a 6.5 MHz probe. For each image, three
equally sized regions of interest was detected within the renal cortex. The mean pixel intensity was determined using an 8-bit grayscale,
with 256 colour of grey colours. Qualitative echogenicity was evaluated by two observers. Observer 1 evaluated as an isoechoic (36/42)
and hyperechoic (6/42). Observer 2 evaluated as an isoechoic (35/42) and hyperechoic (7/42). Quantitatively, the mean pixel intensities
analysed for the renal cortex was 59.2+2.23 (range: 28-91). The result of this study indicates that analysis of digitized renal cortical
ultrasonographic images from rabbits using the histogram technique can be used to quantitatively determine echogenicity.
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Klinik olarak saghklh tavsanlarda cortex renalis’in kalitatif ve kantitatif degerlendirilmesi

Ozet: Kalitatif ultrasonografik goriintiiler, bobrek paransimi hastaliklarmin teshisinde yetersiz kalabilmektedir. Insanlarda
bobregin cortex renalis ekojenitesi ve paransimal doku hastaliklart arasinda bir iliski oldugu kanitlanmistir. Bununla birlikte kalitatif
renal ultrason muayenesinde diffiiz yag vakuolleri ile parangimal hastaliklarin teshisi miimkiin olamamaktadir. Yeni Zelanda tavsanlari,
ozellikle anatomik ve fizyolojik deneylerde kullanilabilecek kadar kiigiik ve nispeten kolay erisilebildikleri i¢in 6nemli bir modeldir.
Tavsanlarda cortex renalis’e iliskin hastaliklar siklikla gériilmektedir. Bu ¢alismanin amaci klinik olarak saglikli tavsanlarda cortex
renalis’in kalitatif ve kantitatif analizinin yapilmasidir. Caligmada klinik olarak saglikli ve dykiisiinde herhangi bir bobrek hastaligi
bulunmayan kirk iki adet saglikli tavsan kullanildi. Her bir tavsana kan sayimi, idrar fonksiyon testi ve renal biyopsi yapildi. Renal
ultrasonografi 6.5 MHz prob kullanilarak uygulandi. Tiim gériintiilerde cortex renalis bolgesinde ii¢ adet odak noktas1 sekli olusturuldu.
Ortalama piksel yogunlugu 8-bit 256 renkli gri-skala kullanilarak ol¢iildii. Kalitatif ekojenite iki gozlemci tarafindan degerlendirildi.
Gozlemci 1 izoekoik (36/42) ve hiperekoik (6/42) olarak degerlendirdi. Gozlemci 2 izoekoik (35/42) ve (7/42) olarak degerlendirdi.
Kantitatif olarak cortex renalis ortalama piksel yogunlugu 59.242.23 (min-maks: 28-91) olarak tespit edildi. Bu ¢alismanin sonuglari,
tavsanlarda cortex renalis’in ultrasonografik goriintiilerinin histogram teknigi kullanilarak sayisal karakterize edilmesiyle kantitatif
olarak kullanilabilecektir.

Anahtar sozciikler: Bobrek, ekojenite, histogram, ortalama piksel yogunlugu, tavsan

Introduction
Due to its capacity to provide information about
echogenicity, size and shape, ultrasonography is
considered a useful tool for the diagnosis and assessment
of kidney diseases in rabbits and other animals (7, 16, 23).

The qualitative detection of diffuse fat vacuoles may be
problematic in the kidney (7). Further, the detection of
alterations in echogenicity is difficult in diffusely affected
organs when compared to the situation in focally affected
organs, since focal abnormalities stand out from the
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uniform background of the parenchyma, which has a
normal ultrasonographic appearance (6). An organ’s
echogenicity is subjectively evaluated by means of the
visual detection of that organ’s brightness. Humans are not
considered to be good assessors of echogenicity (19),
since the human naked eye can only discriminate 10-12
shades of grey and 256 colours (20).

The histogram displays the tonal distribution of the
image. In which values based on their level of brightness,
on the x axis from dark (0) to light (255). The y axis
represents the total number of pixels in the image with that
level of brightness (1). Quantitative ultrasonography
derives numerical values from the echogenicity data
related to the mechanical properties of the tissue being
evaluated. These numerical values enhance the accuracy
in terms of differentiating between tissues with normal and
abnormal ultrasonographic  appearances (3, 21).
Additionally, the presence of a plentiful amount of fat
vacuoles in the renal cortex is positively associated with a
large difference in echogenicity (25).

Fat vacuoles on renal cortex, aminoglycoside-
induced  nephrotoxicity, = multiple  renal  cysts,
hydronephrosis, glomerulosclerosis, glomerular crescents,
tubular, interstitial fibrosis urolithiasis, hypercalciuria, are
frequently seen in rabbits (16). The main aim of the
present study was to qualitatively and quantitatively
examine the echogenicity of the renal cortex in clinically
healthy New Zealand rabbits.

Material and Methods
Animal and protocol: The study was approved by
the Ethics Commission of the Mehmet Akif Ersoy
University (Approval number: 93773921-1949-72).
Forty-two New Zealand rabbits (9 months-old, weighing
4526 + 263.15 g) 22 males, 20 females were used in this

Figure 1. Regions of interest (ROI)
squares on renal cortex (20x20).

study. The rabbits were all determined to have no history
of renal disease and their initial condition was investigated
by means of a physical examination, blood count;
Haemoglobin (HGB), haematocrit (HCT), mean
corpuscular haemoglobin (MCH), mean corpuscular
haemoglobin concentration (MCHC), red blood cell
(RBC), mean corpuscular volume (MCV), urinalysis,
including pH, urine volume, specific gravity, glucose,
blood and urobilinogen. Rabbits were placed under
sedation using 1 mg/kg of midazolam (Dormicum®,
Roche Hellas S.A. Alamanas, Greece). After sedation,
each rabbit was placed in a dorsal recumbent position for
the duration of the ultrasound examination. The rabbits’
hair was clipped and acoustic gel was applied to the skin.

Ultrasound and histogram: The ultrasound
examination was performed using a commercially
available digital abdominal ultrasound platform equipped
with a 6.5 MHz short-focal-length micro-convex
transducer (DC 6-Vet® Mindray Bio-Medical
Electronics, Shenzhen, China). The ultrasound settings
were; Gain 86 decibel (dB), frame rate 78 frame per
second (fps), dynamic range 65 decibel dB, depth 6.2
millimeter (mm). The rabbits were restrained in a left
dorsal recumbent position during the ultrasonographic
evaluation. The ultrasonographic echogenicity was
evaluated qualitatively by two observers, namely a
specialist in anatomy (observer 1) and a specialist in
diagnostic imaging (observer 2). The rabbits’ kidneys
were anatomically evaluated for ultrasonographic
anomalies. The images were analysed using the digital
image analysis software Image J (1.46 r, NIH, USA).

For each image, three equally sized regions of
interest were detected within the renal cortex. The mean
pixel intensity within each regions of interest (ROI) was
determined (Figure 1). A minimum of 400 pixels (20x20)
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were considered in each ROI (6). The mean pixel intensity
was determined using an 8-bit grayscale, with 256 shades
of grey (14) (Figure 2). In grey scale histogram schemes,
the minimum grey level was zero. The maximum grey
level depends on the digitisation depth of the image.
For an 8-bit-deep image it is 255. In a binary image a
pixel can only take on either the value 0 or the value
255. In contrast, in a greyscale or colour image a pixel
can take on any value between 0 and 255. A grey level
histogram indicates how many pixels of an image share
the same grey level. The x-axis shows the grey levels
and the y-axis shows their frequency in the image. This
information can be used to calculate a threshold (1).
The mean, standard deviation and 95% confidence
interval (Cl) of the data were calculated using SPSS
software, version 19.0, for Windows (SPSS Inc. Chicago,
IL, USA).

Biopsy and histology: The skin of the right
paralumbar fossa was aseptically prepared. One
centimeter skin incision was made using a number 4 blade

Figure 2. Gray scale mean pixel intensity calculation.

Figure 3. Glomerules and tubules in the
renal cortex (H&E, x200).  Arrow:
Glomerulus, arrow head: Tubulus renalis.

(Kai Europe Gmbh, Solingen, Germany). Four millimeter
diameter biopsy punch was introduced into the skin hole
and was advanced into the cranial pole of the kidneys,
using ultrasonographic guidance. Tissues were removed
and fixed in a 10% buffered formalin solution for 24
hours. After fixation, tissues were passed through graded
alcohols and xylol and embedded in paraffin.
Approximately, 3-5 pm thick sections were taken from
tissues blocks with microtome and were stained with
hematoxylin-eosin. Sections were examined under light
microscope (Olympus BX 41).

Results

In this study, the renal cortex was evaluated both
qualitatively and quantitatively in 42 clinically healthy
New Zealand rabbits. All the blood count results including
HGB, HCT, MCH, MCHC. RBC, MCV were within
reference range limits (Table 1). No abnormality was
detected in the renal cortex during the histological
examination for any of the rabbits (Figure 3). The urinalysis
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Table 1. Blood count results.

Parameter HGB HCT MCH MCHC RBC MCV
g/dl % pg g/dl 1091 fl
Rabbits (n: 42) 14.11£1.15 45.9944.5 17.68+2.07 32.4+4.95 7.9+0.82 65.25+3.82
Values were shown as a mean=standard deviation.
Table 2. Urinalysis results of 42 clinically healthy rabbits.
Parameter pH Urine volume SpeC|_f|c Glucose Blood Urobilinogen
(ml/kg) gravity
I?r?bglzt; 8.25+0.37 126.5+6.17 1009+13.59 Negative Negative Negative

Values were shown as a mean=standard deviation.

results including pH, urine volume, specific gravity,
glucose, blood and urobilinogen were shown in Table 2.
The qualitative echogenicity evaluation for observer 1 can
be summarised as isoechoic (36/42) and hyperechoic
(6/42), while for observer 2 it can be summarised as
isoechoic (35/42) and hyperechoic (7/42). Quantitatively
the mean pixel intensity analysed for the renal cortex was
59.2+2.23 (range: 28-91).

Histopathologically, the renal cortex and medulla
were examined. Sections were evaluated for existence of
any degeneration, necrosis and inflammatory reactions.
Tubule epithelium was found to have normal morphology
in the cortex and medulla. In the examination of glomeruli,
it was seen that bowman cavity and mesangium had
normal morphology and no pathology was found. With
these findings, it was determined that the kidney had
normal histology and no pathological findings.

Discussion and Conclusion

The kind of histogram used in the present study
offers a graphical representation of the values of the pixels
in an image. It is more commonly referred to as an image
histogram or a grey-level histogram. An image histogram
shows the detection of the pixels at each point in a scene
as well as the number of those pixels. Hence, various
information related to the image can be extracted from the
histogram. It is not possible to determine exactly where
the pixels are located on an image. However, general
information regarding the image can be obtained from its
light-dark region values (1).

Dimitrov (5) claims that the heterogeneous renal
echogenicity indicated hyperechoic findings in rabbits.
However, qualitative observations may vary from person
to person. Indeed, Ivanci¢ and Mai (7) report that
qualitative renal cortex to hepatic parenchymal
echogenicity shows differences between observers. Renal
calcinosis cases suspected of having mild renal
insufficiency can be diagnosed histologically, although

they cannot be diagnosed using radiographs (17). These
facts reinforce the notion that qualitative results should
always be verified with quantitative methods. Considering
this case qualitative review of this study was evaluated by
two observers and additionally images were analysed
quantitatively.

Liu et al. (9) report that contrast-enhanced renal
echogenicity increases the mean pixel intensity in rabbits.
In the present study, the mean pixel intensity is 59.2+2.23
(range: 28-91). However, we did not use contrast agents to
measure the echogenicity, since clinicians typically do not
use contrast agents to diagnose renal diseases. Ivanci¢
and Mai (7) sought to investigate the kidney cortex in
dogs using B-mode imaging. They report the mean pixel
intensity to be 41 (95% CI1 38-44) for dogs. Maurya et al.
(11) report the renal cortex structure to be significantly
different in all experimental animals, including dogs and
rabbits. This difference may stem from the histological
structural diversity of the animals.

In children with a hydronephrosis renal echogenicity
correlates with decreased renal function, and the results of
the first postnatal ultrasound may use as a predictor of
impaired relative renal function (3). Histopathological and
ultrasound examinations of the kidney show that increased
echogenicity significantly correlates to histopathological
examination of some diseases as glomerulosclerosis,
glomerular crescents, tubular atrophy and interstitial
fibrosis. (2, 4, 12, 13, 22-24).

The quantitative evaluation of renal cortical
echogenicity is not a commonly used approach, having
only previously been described in humans (10, 20). An
ultrasound-guided biopsy of the kidney can be performed
to allow for a histological evaluation and a definitive
diagnosis. However, it is an invasive method that
clinicians do not commonly use. A histogram analysis
using ultrasound images can be more appropriate and safer
in the serial evaluation of tissues to monitor disease
progression or the effectiveness of treatment (15). Such an
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appropriate has been recommended for the early diagnosis
of certain renal diseases, for example, aminoglycoside-
induced nephrotoxicity, and it has been reported to be
more sensitive than the visual examination of ultrasound
images during the early stages of the disease (18).

It is important to recognise that quantitative
ultrasonography is not without difficulties. It has been
suggested that echogenicity is not affected by the probe
frequency or the type of device, but rather that it varies
inversely to the gain (10). However, in this study the gain
and all settings was found to be standard for all the rabbits.
Additionally, the depth of the ROI is an important factor
when performing the analysis. The strength of the
returning echoes decreases as the depth and distance from
the transducer increase. An ROI drawn deep within the
tissue may not offer sufficient echogenicity data for
analysis. The type and the amount of the tissue overlying
the ROI also affect the echogenicity data (8, 20). None of
our rabbits were obese, so the amount of subcutaneous
tissue between the kidneys was only minimal.

Clinically, it is the subjective assessment of
echogenicity that is used to make decisions. But the
plentiful amount of fat vacuoles in the tubular epithelium
of the renal cortex can affect qualitative echogenicity in
normal Kidney (25). This fact reinforces the notion that
qualitative results should always be verified with
quantitative methods.

We performed a histogram analysis of the rabbits’
renal echogenicity both quantitatively and qualitatively.
The results of this study could be used to perform a
qualitative assessment and analysis of digitised renal
cortical ultrasonographic images obtained from rabbits
using the histogram technique, which could be used to
quantitatively determine the echogenicity. We consider
that a histogram analysis of the renal cortex may make a
valuable contribution to the evaluation of the integrity of
renal diseases. Additionally, we highlight the value of
identifying a non-invasive method for diagnosing the
progression of kidney disease in rabbits. In the future,
clinicians may compare the quantitative results of this
study with kidney disease histogram analysis results in
rabbits.
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