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Abstract

Background: Correlation of renal dimensions with renal function in healthy subjects has been firmly established, but
which renal dimension correlates best with renal function in chronic kidney disease (CKD) is still debatable.
Traditionally, bipolar length of the kidney has been considered a renal function indicator. However, it changes with the
size of the body.

Objective: To determine the correlation between renal ultrasound parameters and eGFR for renal evaluation in patients
with CKD.

Methods: This cross-sectional study was undertaken in Pakistan Kidney and Liver Institute Lahore, Radiology
department from 5th August 2023 to 4th February 2024. A total of 60 patients of 18-70 years of age with the clinical
diagnosis of CKD as mentioned by National Kidney Foundation guidelines (Kidney damage >3 months or decreased
GFR (less than 60 mL/min/1.73 m2) for 3 months or more) were included. Patients having a history of renal malignancy
or renal surgery, polycystic kidney disease, nephrolithiasis or hydronephrosis or fatty liver disease, on renal
replacement therapy, and severe pulmonary, liver, or heart disease were excluded. The ultrasound renal indices like
cortical and parenchymal thickness were measured for both kidneys and their respective mean was recorded and
analysed.

Results: The correlation between eGFR and renal cortical thickness was moderately significant as evidenced by a p-
value of 0.003 and r value of 0.372 (Table III). There was significant moderate correlation with eGFR and renal
parenchymal thickness as well (p-value=0.007,r=0.346)

Conclusion: Therenal parenchymal and cortical thickness correlate positively with eGFR in CKD patients.
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Introduction

hronic kidney disease (CKD) is a global health
predicament with expanding incidence and
prevalence reaching a prevalence of 8-16% and
12.6% in Pakistan." The adverse outcomes and
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premium treatment cost contribute to significant
mortality and morbidity. It has been estimated that the
disease incurs an annual fiscal expense above $50
billion. Efforts are ongoing to find alternative
methods to aid in disease management. Currently, the
diagnosis of CKD relies on clinical symptoms,
laboratory findings including assessment of
creatinine clearance estimated glomerular filtration
rate (eGFR) and proteinuria, and radiological
imaging including gray scale ultrasound, Doppler
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ultrasound and computed tomography (CT).}

The estimated glomerular filtration rate (eGFR) is
deemed the most reliable marker of glomerular and
renal function. Serum creatinine (SCr) is the most
commonly used endogenous marker in formulae that
estimate GFR including the Modification of Diet in
Renal Disease (MDRD) equation.*®

Since kidneys are positioned retroperitoneal, the US
allows easy evaluation with minimal interference of
intestinal gas. Early detection of abnormalities
through renal US can help slow the disease
progression and mitigate the detrimental effects.
Moreover, it is cost-effective, readily accessible, and
simple to perform at the patient's bedside. It provides
sufficient details of renal anatomy without the need
for contrast and ionizing radiation exposure.™*’

CKD can be associated with different values of
longitudinal kidney diameters. It increases in
polycystic kidney disease, in myeloma cast
nephropathy, in amyloidosis, and in the beginning of
the diabetic Kimmestiel-Wilson nephropathy.
Contrarily, it decreases in many other nephropathies,
such as chronic glomerulonephritis, nephroangiosc-
lerosis and chronic ischemic nephropathy.

In B-mode US (also known as greyscale imaging),
renal parameters mostly used are renal longitudinal
dimension, renal echogenicity, cortical and
parenchymal thickness. In CKD patients, these
parameters are quite helpful in establishing
ultrasonographic diagnosis of CKD as they give
indirect but useful information regarding the
irreversible renal morphostructural changes
occurring in the course of the disease.’

Correlation of renal dimensions with renal function in
healthy subjects has been firmly established,' but
which renal dimension correlates best with renal
function in CKD is still debatable. Traditionally,
bipolar length of the kidney has been considered a
renal function indicator but it changes with the body
habitus.' Besides, renal bipolar dimension can vary
according to the etiology underlying CKD; in
polycystic kidney disease, amyloidosis and myeloma
cast nephropathy it enlarges whereas in a variety of
rest of the nephropathies it diminishes." Other
alternatives like renal echogenicity, cortical and

parenchymal thickness are presumed to be better
forecasters of renal function in patients with CKD.
The renal parenchymal thickness can readily
distinguish acute kidney injury (AKI) from CKD.
Moreover, CKD results in a gradual and stepwise
decrease in renal parenchymal thickness with eGFR.
Particularly, the renal cortical thickness is associated
with least interobserver variability, thus rendering it
more suitable for renal function assessment and
monitoring.™"

In Pakistan, very limited data is available on which B-
mode sonographic renal parameters are correlated
with eGFR. One study performed in Pakistan
concluded a strong correlation of renal function with
renal cortical thickness in individuals affected by
CKD.'

Therefore, we formulated this project to correlate
aforementioned renal parameters with eGFR to
ascertain that which of these is most suitable for this
purpose. This analysis will also help establish
effective utilization of renal ultrasonography for a
more comprehensive evaluation of CKD status.

Methods

After authorization from the institutional review
board, we undertook this cross-sectional study in
Pakistan Kidney and Liver Institute Lahore,
Department of Radiology, from 5th August 2023 to
4th February 2024. A consecutive, non-probability
sampling technique was used. To estimate the sample
size, the expected value of correlation was taken as
0.508." Using a 5% level of significance and 10%
absolute precision the sample size came out to be 60
patients with CKD.

Patients 18-70 years of age with the clinical diagnosis
of CKD as mentioned by NFK guidelines (Kidney
damage >3 months or decreased GFR (less than 60
mL/min/1.73 m2) for 3 months or more) were
included. Patients having a history of renal
malignancy or renal surgery, a diagnosis of polycystic
kidney disease, nephrolithiasis, hydronephrosis, or
fatty liver disease, patients on renal replacement
therapy, and patients with end-stage pulmonary,
cardiac, or hepatic disease were excluded.

Informed consent was taken from the patients who
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satisfied the standards for inclusion. A proforma was
constructed to collect the patient's biodata,
radiological findings, and laboratory values. Serum
Creatinine value was used to calculate the GFR
through the Modification of Diet in Renal Disease
(MDRD) Equation. For standardization, one
radiologist who was blinded to the patient's eGFR
values, performed renal ultrasound using GE LOGIQ
P7 and GE LOGIQ S8 machines with curvilinear
probe 3.5-6.5 MHz. The sonographic renal
parameters like cortical thickness and parenchymal
thickness were calculated for both kidneys and their
mean was recorded.

The data was analyzed by SPSS version 20.0. Gender
and age were presented in frequency and percentage
and quantitative variables like cortical and
parenchymal thickness and eGFR were presented in
mean + SD. Pearson correlation was used to find a
relationship between above mentioned sonographic
renal parameters and eGFR. The p-value <0.05 was
deemed significant. After stratification for gender and
age, Pearson correlation was applied.

Results

The patient ages ranged from 13 to 83 years (mean
44.22 + 11.24 years). A greater part of the patient
population (32 in number, 53 %) fell in the 40 to 83
years age range. There were 44 (73%) male and 16
(27%) female patients. The female to male ratio was
1:2.8. The mean value of eGFR was 13.29 £6.50. The
mean renal cortical thickness was 0.56 +0.19 cm. The
average parenchymal thickness was 1.16 + 0.37 cm.
The renal cortical thickness and eGFR were

moderately positively correlated as indicated by a p-
value = 0.003 (r = 0.372, Table 1). There was a
significant moderate correlation between eGFR and
renal parenchymal thickness (p =0.007, r = 0.346) as
shown in Table 2.

Figure-1: Measurement of renal parenchymal
thickness in a CKD patient.

Table 1: Correlation between eGFR and cortical
thickness for the assessment of renal function in CKD
patients.

Renal cortical

FR
thickness &8
P
eaTSO.n 1 0.372
Renal cortical ~ Correlation
thickness Sig. (2-tailed) 0.003
N 60 60
Pearson 0.372 1
Correlation
eGFR  §ig (2-tailed)  0.003
N 60 60

Table2: Correlation between renal parenchymal
thickness and eGFR for the evaluation of renal function
in CKD patients

Renal
parenchymal  eGFR
thickness
Pearson
Renal Correlation ! 0.346
ATl o o o) 0.007
thickness
N 60 60
Pearson 0.346 1
Correlation
eGER  §ig (2-tailed)  0.007
N 60 60

Figure-2: Measurement of renal cortical thickness in
the same CKD patient.

Discussion

CKD has emerged as an extremely significant,
chronic, noncommunicable disease worldwide.
According to the guidelines laid down by American
National Kidney Foundation for CKD, chronic
kidney disease is defined as renal damage or
suboptimal renal function (reduced GFR) for 3
months or more (level A recommendation). On the
other hand, to be labeled as renal failure one of the
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following two conditions should be fulfilled:

1. GFR <15 mL/min per 1.73 m2, which is frequently
associated with a uremic clinical picture.

2. A necessity to initiate a renal replacement therapy
(transplantation or dialysis)."

Longitudnal renal lengths are reported in renal
ultrasounds as a routine practice since it is a
traditional belief that bipolar renal dimensions are
indicators of renal function in CKD, but this
parameter has a low specificity to foretell a
diminished renal function.”” Renal sizes differ with
body mass. Moreover, a kidney with a diminished
length can have a normal function and a kidney with
normal bipolar length can have abnormal function.
Another frequently used parameter, raised
echogenicity, is not a reliable indicator of fibrosis
because it also results from cellular infiltrates.
Although cortical thinning is a reasonable marker of
CKD, the converse is untrue; even in advanced
diabetic nephropathy, a normal or increased cortical
thickness can be observed."” Ultrasound assessment
of renal volume is a more precise indicator of kidney
function than the renal length." A recent study
revealed that statistical shape analysis of kidneys
with MRI incorporating length and parenchymal
thickness of the kidneys, in patients with CKD can
better categorise diseases underlying CKD."

One of the studies performed in Pakistan concluded a
substantial association between renal function and
cortical thickness in CKD patients evidenced by a p-
value < 0.001, (12 = 0.508). The parenchymal
thickness had a weak positive correlation with a p-
value 0of 0.001 and 12 0f 0.216. In the same study, the
longitudinal renal size was not significantly
correlated with renal function in CKD patients (p-
value 0.609)."

In an attempt to link ultrasonograhic renal parameters
with serum creatinine levels, Chhetri et al'” studied
these indices in 60 CKD patients. They stated a
considerable negative relationship between
parenchymal thickness and serum creatinine (r = -
0.945; p<0.001) as well as between cortical thickness
and serum creatinine (r=-0.980; p<0.001).

Another study from the subcontinent performed by
Garg et al." in 2022 evaluated the same parameters

and inferred a significant correlation between renal
cortical thickness and eGFR (r = 0.86, p < 0.001).
They further suggested that this parameter is more
beneficial in earlier phase of chronic kidney disease
owing to a better corticomedullar differentiation,
which in more advanced disease diminishes.
However, it is worthy to note that we stratified our
data for age and gender which was not done in this
study which is one of their limitations. Cho et al" also
showed that MRI derived body surface area adjusted
total kidney volumes and renal function were
strongly correlated.

Our mean renal cortical thickness (0.56 £ 0.19 cm)
was close to that reported by Mayeden et al. (0.66 +
cm).” Our average parenchymal thickness was 1.16 +

0.37 cm which is reasonably close to that calculated
by Guptaetal. (1.55+0.42cm).”

Our mean cortical thickness was also very similar to
that reported by Kodikara et al (0.6 cm).” One
parameter that they studied was association of renal
cortical thickness with CKD severity; they concluded
that particularly in early phase of the CKD,
parenchymal thickness and renal cortical thickness
outperformed absolute and relative renal length for
reliable CKD diagnosis. The other parameter that
they investigated was the association of renal cortical
thickness with common CKD etiologies like diabetes
mellitus (DM) and cardiovascular disease. Here they
revealed that renal cortical thickness deteriorated
more significantly in patients with cardiovascular
disease than patients with non-cardiovascular CKD.
For the DM group the converse was true; renal
cortical thickness was normal in 77% of this subset
compared with non-DM subset in which 51% of the
patient had anormal renal cortical thickness.

Quite recently, the mean cortical thickness has
surfaced as a new index to assess CKD patients. It is
fruitful in early CKD being significantly correlated
with eGFR, an important reason for which is that the
renal pyramids can be visualized better in early CKD.
On the contrary, later on in CKD, owing to a
diminished corticomedullary differentiation, it
becomes an uphill task to accurately determine the
corticomedullary interface which is amajor pitfall.

Comparing our study with that by Gupta et al.”, it is
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revealed that the cause of a strong positive correlation
of cortical thickness with eGFR is the renal cortex
being composed of glomeruli and collecting tubules
within the renal pyramids. Ongoing renal disease
destroys the glomeruli, thinning the renal cortex.
Further progression of renal disease damages both the
glomeruli and collecting tubules, leading to a
compromised renal volume and loss of
corticomedullary differentiation. Therefore ultra-
sound findings in early CKD show a decreased renal
cortical thickness, and in advanced disease the renal
volume also shrinks proportionately.

We determined that the association between eGFR
and renal parenchymal thickness was significant with
a moderately positive correlation (r = 0.346). Similar
conclusions were drawn by Andrulli et al. 2024. They
further emphasized that renal length was weakly
positively correlated with eGFR (r2=0.064), and that
the extent of proteinuria and histopathological
diagnosis of renal disease had an additional positive
correlation with the eGFR." Another recent work by
Chawla et al revealed that renal cortical thickness was
beteer correlated with eGFR than the renal length (p<
0.0001) and therefore, in diabetic renal disease this
parameter should be used in preference compared
with bipolar length (p<0.001).”

In 2021, Uduagbamen et al. following their study
concluded that renal cortical thickness was more
strongly correlated with eGFR as compared to renal
length and thus has more value in assessment of renal
function. Moreever according to them, eGFR and
renal cortical thickness decreased proportionately
with increasing chronic kidney disease stage.” Kharel
et al. 2024 concluded that eGFR and renal
parenchymal thickness were moderately positively
correlated (rs = 0.51, p <0.05). A similar correlation
was discovered between eGFR and renal length (rs =
0.46,p <0.05). However, eGFR and renal width were
weakly positively correlated (rs=0.3, p <0.05). They
also observed a significant association between
eGFR and renal cortical echogenecity grade
(p <0.05).” Our study is limited by a small sample
size chosen due to time constraints. Therefore, we
suggest conducting the study on a larger population to
enhance the generalizability of the findings.

Conclusion

This study concludes that in CKD, renal cortical and
parenchymal thickness are positively correlated with
renal function. We recommend that since
ultrasonography is cost-effective, non-invasive, and
readily available for renal disease assessment, and the
ultrasonographic parameters serve as reliable
biomarkers of renal function deterioration, renal
cortical and parenchymal thickness should be
routinely included in ultrasonography reports.
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