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Abstract : This study was performed to retrospectively pursue any correlation between renal cortex thickness (RCT),
outer medulla thickness (OMT) on ultrasonography (US) and chronic kidney disease (CKD) with International Renal
Interest Society (IRIS) stage. Medical records and US findings of the dogs diagnosed CKD were reviewed for comparing
to those of the clinically healthy dogs from March. 2015 through June. 2016. To evaluate the correlation about normal
and CKD patients, RCT and the OMT were measured on US images. RCT and OMT were adjusted by dividing
body surface area for standardization (RCTS, OMTS). Also the ratio of RCT/OMT were calculated and these indices
were evaluated to investigate any tendency between 5 groups (normal and 4 IRIS stages) using Jonckheere-Terpstra
trend test (J-T test). The RCTS showed a declining tendency (p < 0.02) and the OMTS showed an inclining tendency
from normal through each IRIS stage (p < 0.01). The RCT/OMT showed also declining tendency (p < 0.01). Although
the gold standard for renal function including GFR is lack, it is thought that differentiation between normal and CKD
patients could be possible on US measurement of renal cortex and outer medulla thickness, which could be an alternative
index for kidney function in diagnostic imaging.
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Introduction

Chronic kidney disease (CKD) is defined as the presence

of functional or structural disorders in kidneys. In general,

these abnormalities can be evaluated by clinical pathologic

approach such as symmetric dimethylarginine assay (SDMA),

serum BUN and creatinine level (4,5). Also in diagnostic

imaging, the ultrasonographic (US) findings of renal length,

margin and echogenicity could be assessed. However, diag-

nostic imaging approach cannot be a quantitative analysis.

In human medicine, diagnostic imaging indices such as the

thickness or volume of the cortex and medulla measured by

US or computed tomography are developed as indicator of

renal function. In studies of the relationship between renal

cortex thickness on US and the degree of renal impairment in

CKD using estimated glomerular filtration rate (eGFR), there

was a statistically significant relationship between eGFR and

cortical thickness (1,12,17). There are also several studies

evaluating kidney function by measuring the volume of kid-

ney parenchyma using CT or MRI (3,16).

This study is to investigate whether these indices can be

applied to canine CKD patients and whether these indicators

can represent renal function. The purposes of this retrospec-

tive study are to determine whether there are significant dif-

ferences in renal cortical thickness (RCT) and outer medulla

thickness (OMT) between normal and CKD patients and to

pursue any correlation between US measurements of RCT,

OMT with each IRIS stage in canine CKD patients.

Materials and Methods

Patient selection

Canine patients that were diagnosed with CKD for the first

time at the Veterinary Medical Teaching Hospital, Seoul

National University between March 2015 and June 2016

were recruited. Patients without serum chemistry results or

abdominal US or difficult in identifying kidney structure due

to progression of CKD were excluded. As a result, 26 CKD

patients were selected for the study. All these patients, serum

chemistry to measure BUN, creatinine and abdominal US

were performed on the day at admission. Nineteen healthy

canine patients without any abnormality in renal function

confirmed by laboratory tests such as urine specific gravity,

dip stick test, urine sediments and serum BUN, creatinine

were also included in this study to compare with these CKD

patients.

Ultrasonographic evaluation of renal cortex and outer

medulla

Based on a study that discussed the outer medulla of nor-

mal canine kidney on US, we were able to establish the mea-

suring criteria of RCT and OMT. According to this study, the

hyperechoic outer medulla, which can be misinterpreted as a

medullary rim sign in normal dogs without renal dysfunc-

tion, is particularly well visualized in small-breeds on US
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images. And this study concluded the outer medulla and the

actual renal cortex on US should be distinguished (6).

The US images were obtained using 4-9 or 4-10MHz

microconvex and 5-12 or 5-13 MHz linear probes (SA-9900,

Medison, Seoul, Korea; and Aloka Prosound 7, Hitachi Aloka

Medical Ltd., Tokyo, Japan). And the images were evaluated

with a DICOM workstation (INFINITT PACS, INFINITT

Healthcare Co., Ltd., Seoul, Korea) using electronic calipers.

In US images, the RCT and OMT were measured at the mid-

dle point of the kidney in the sagittal or dorsal section. RCT

was made in the uppermost hypoechoic part of the renal

parenchyma and OMT was performed in the hyperechoic

parenchyma region below the cortex (Fig 1). RCT and OMT

were adjusted by dividing body surface area for standardiza-

tion (RCTS, OMTS). To ensure objectivity, the RCT and

OMT were measured each three observers (S.L., S.H., S.C.)

and observer measured three times independently. By compar-

ing each of the three measurements, the intra-observer agree-

ment of each observer was evaluated and the inter-observer

agreement was evaluated by comparing the average values of

the three measurements of each observer.

Statistical analysis

The data were analyzed 2 different ways. First, the RCTS,

OMTS and RCT/OMT were compared between normal and

CKD patients by independent t-test. And these indices were

evaluated to investigate any tendency between 5 groups (nor-

mal and 4 IRIS stages) using Jonckheere-Terpstra trend test

(J-T test) which is a test for verify the hypothesis that the

medians of data are ordered (increase or decrease) among

groups (7). The statistical analysis used in this study is illus-

trated schematically in (Fig 2). Intra- and inter-observer

agreement were assessed using the Intraclass correlation

coefficient (ICC). All statistical analysis was performed

using SPSS (IBM SPSS Statistics for Windows, Version 23.0,

IBM Corp., Armonk, NY, U.S.A.). A p- value < 0.05 was con-

sidered to represent statistically significant differences.

Results

Nineteen normal patients without clinical evidence of renal

dysfunction and 26 CKD patients were included. The nor-

mal patients consisted of Maltese (n = 10), Yorkshire terrier

(n = 2), Chihuahua (n = 1), Dachshund (n = 1), Pekingese

(n = 1), Pomeranian (n = 1) and Cocker spaniel (n = 1), poo-

dle (n = 2). The mean age was 3.63 years and average weight

was 3.82 kg. They visited the hospital for G.I tract disease

(n = 8), neurological disorder (n = 4) such as disc disease and

seizure, dermatological disorder (n = 2), endocrine disease (n =

1), ophthalmic disorder (n = 1), etc. (n = 3) and no abnormal-

ity in the kidney function except the corresponding disease.

Fig 1. Ultrasonographic measurements of RCT (dash line) and

OMT (full line) on sagittal section.

Fig 2. A summary of the statistical analysis used in this study.

Comparing the indices (RCT, OMT, RCT/OMT) between nor-

mal and CKD patients using an independent t-test and then tried

to figure out the trend of these indices between the five groups

of the normal and the IRIS stages using the J-T trend test.

Table 1. Intra-observer agreement evaluation of normal and CKD patients

Normal US index ICC CI CKD US index ICC CI

Observer 1
RCT 0.969 [0.853; 0.950]

Observer 1
RCT 0.985 [0.977; 0.991]

OMT 0.989 [0.982; 0.994] OMT 0.994 [0.990; 0.996]

Observer 2
RCT 0.987 [0.977; 0.993]

Observer 2
RCT 0.994 [0.990; 0.996]

OMT 0.988 [0.980; 0.994] OMT 0.973 [0.957; 0.984]

Observer 3
RCT 0.994 [0.990; 0.997]

Observer 3
RCT 0.99 [0.984; 0.994]

OMT 0.994 [0.990; 0.997] OMT 0.997 [0.995; 0.998]

ICC: intraclass correlation coefficient, CI: confidence interval.
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CKD patients consisted of Maltese (n = 8), Shihtzu (n = 7),

Yorkshire terrier (n = 4), other small-sized breed (n = 2),

medium-sized breed (n = 4), and large-sized breed (n = 1).

The mean age was 12.08 years and average weight was 5.72

kg. The IRIS stage, defined as serum creatinine level, showed

the following distribution; IRIS stage 1 (n = 6), IRIS stage 2

(n = 1), IRIS stage 3 (n = 14), IRIS stage 4 (n = 5).

The RCT and OMT is measured in US images by 3

observers (S.L., S.H., S.C.). Each observer measured 3 times

and the mean value was used as a data. To secure objectiv-

ity, ICC was evaluate. A high agreement was found in the

analysis of intra-observer agreement of RCT and OMT mea-

surements on ultrasound in 19 normal patients. And intra-

observer agreement in 26 CKD patients was also highly

agreeable (Table 1). In the inter-observer agreement analy-

sis, both RCT and OMT showed higher agreement in normal

patients than CKD patients. RCT measurements in CKD

patients showed slightly lower agreement than normal (Table

2). The measurements in patients with CKD were somewhat

less consistent than normal patient. However, the ICC was

higher than 0.75 in CKD patients and this could be inter-

preted as a good correlation between observers (2).

The RCT and OMT were compared by standardized val-

ues divided by the body surface area of the patients (RCTS,

OMTS). The distribution of the measured RCTS, OMTS, and

RCT/OMT values is shown in (Fig 3). The results of inde-

pendent t-test for 19 normal and 26 CKD patients were

shown in (Table 3). The RCTS was higher in normal group

and the OMTS was higher in CKD group. The ratio of RCT

to OMT (RCT/OMT) was smaller in patients with CKD.

There were significant differences in RCTS, OMTS, and

RCT/OMT between the two groups (p < 0.05).

These indices were also significantly correlated with each

IRIS stage. The RCTS showed a declining tendency (p <

0.02) and the OMTS showed an inclining tendency from nor-

mal through each IRIS stage (p < 0.01). The RCT/OMT

showed also declining tendency (p < 0.01). The results of J-T

test are shown in (Table 4). Fig 4 is a diagram interpreting

the J-T test.

Discussion

Assessment of kidney in patients with CKD on US has

been based on the cortical and medullary echo, length of kid-

ney, and irregularity of margin. These are useful parameter in

diagnosing CKD but cannot be quantitative analysis for kid-

ney function (14). Therefore, this study was aimed to quanti-

tatively evaluate the structural changes of kidneys on US

with changes in kidney function. The most obvious indicator

of kidney function is glomerular filtration rate (GFR). How-

ever, it is difficult to measure patient GFR in a clinical set-

ting. Although serum creatinine levels do not increase until

75% of nephrons are damaged, or rise due to other causes

Fig 3. Boxplot of the RCTS, OMTS, RCT/OMT in normal and CKD patients and each IRIS stage groups.

Table 2. Inter-observer agreement evaluation of normal and CKD
patients. ICC: intraclass correlation coefficient, CI: confidence
interval

US index ICC CI

Normal
RCT 0.904 [0.834; 0.947]

OMT 0.968 [0.944; 0.982]

CKD
RCT 0.796 [0.677; 0.876]

OMT 0.823 [0.738; 0.887]

Table 3. The mean values of RCTS, OMTS, and RCT/OMT in
normal and CKD patients

RCTS OMTS RCT/OMT

Normal 10.72 ± 0.38 5.55 ± 0.25 2.03 ± 0.86

CKD 9.19 ± 0.42 8.41 ± 0.41 1.12 ± 0.39

p-value < 0.007** < 0.05* < 0.04*

Table 4. The results of J-T test in the 5 groups. The RCTS and
OMTS, RCT/OMT

RCTS OMTS RCT/OMT

St. J-T Statistic −2.412 5.518 −7.797

p-value < 0.016* < 0.01** < 0.01**
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other than renal function, they replace GFR measurements in

most clinical settings (15). In humans, various methods of

obtaining estimate GFR (eGFR) that can predict GFR using

only simple patient information such as body weight, age,

sex and ethnicity based on the patient’s serum creatinine con-

centration have been studied. In addition, studies have been

actively carried out to obtain more accurate eGFR in CKD

patients with renal dysfunction so that a more clinical

approach can be achieved (8,9,11,13,19). In addition, this

study found that SDMA, which is known to have a strong

correlation with GFR and detect kidney dysfunction more

earlier than serum creatinine, was not available due to lack of

cases. (5,10). However, as the indices used in this study,

there was a statistically significant difference between nor-

mal and CKD patients. Also we confirmed the tendency of

each index according to IRIS stages. As the IRIS stage

increased, that is, as the CKD progressed, the RCTS tended

to decrease and the OMTS tended to increase, and thus the

RCT/OMT statistically confirmed a tendency to be more

markedly decreased (Fig 4).

The evaluation of outer medulla mentioned in this study

has not been studied so far in veterinary research, especially

diagnostic imaging. Also, OMT measurement was easier on

US images than the whole medulla evaluation.

Decreased RCT in CKD is pathologically associated with

glomerulosclerosis and tubular atrophy (18). The increase in

OMT can be explained as follows: In humans, a study showed

that GFR declines with normal aging and total kidney vol-

ume remains stable through about age 50 years due to declin-

ing cortical volume and a compensatory medullary volume

increases (3). Further research will be necessary in canine

patients about medullary thickness or volume moreover outer

medulla with pathological approach.

The limitation of this study is that as the IRIS stage

increases in CKD patients, the distinction between the two

structures of kidney becomes vague. The kidney cortex and

outer medulla were more clearly identified in younger

patients and in those who had no renal dysfunction (Fig 5).

Indeed, 11 cases were excluded from this study because of

the difficulty in distinguishing between the two structures

especially in CKD patients group. Also the indices were not

compared with clear indicator representative of renal func-

tion. And the number of samples used in this study is small.

Therefore, future studies will be conducted prospectively

with a larger number of samples and based on the criteria

that can represent the renal function such as SDMA. In addi-

tion, studies on the relationship between age related changes

in kidney structure and renal function will be studied as in

human studies.

In conclusion, the US assessment of the renal cortex and

outer medulla is distinctly identified. Although the gold stan-

dard for renal function including GFR is lack, it is thought

that differentiation between normal and CKD patients could

be possible on US measurement of RCT and OMT, which

could be an alternative index for kidney function in diagnos-

tic imaging.
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