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Introduction: B-mode ultrasound plays a crucial role in diagnosing chronic kidney disease (CKD) and 
determining its severity by assessing changes in renal cortex echogenicity. However, while it aids in 

grading CKD based on increasing renal cortical echogenicity, it lacks accuracy in detecting renal cortical brosis or stiffening. 
To address this limitation, our study aims to establish a correlation between renal cortical stiffness, measured in terms of 
elasticity values, and B-mode grades of CKD. This correlation is explored using shear wave elastography, a non-invasive 
technique for assessing tissue stiffness. The study objectives include evaluating the relationship between B-mode sonographic 
grading of renal parenchymal changes, the severity of renal disease, and the estimated glomerular ltration rate (eGFR) 
calculated based on patient age, gender, and serum creatinine levels. This observational study was  Material and Methods: 
performed in at a tertiary level medical college, based in the periphery of Maharashtra, India. In this study 20 patients with 
sonographically evident chronic kidney disease were studied. The shear wave elastography was performed in these 
individuals with help of Samsung RS80 EVO ultrasound equipment. The elastography values (measured in kPa) were taken at 
upper, middle and lower pole of diseased kidney. In bilateral chronic kidney disease, the elastography was performed in 
kidney with higher grade of chronic kidney disease. The ultrasound was performed by single observer to avoid inter-observer 
variability. Using elastography, the renal cortical elasticity of patients with B-mode ultrasonographically diagnosed  Results: 
chronic kidney disease was shown to be considerably reduced. There was signicant correlation between increasing 
sonographic grades of RPD and decreased elasticity of renal cortex (increasing kPa values). The correlation  Conclusions: 
between renal tissue elasticity and B-mode ultrasound implies that shear wave elastography (SWE) has the potential to serve 
as an indicator of chronic kidney disease (CKD) severity. While biopsy remains the gold standard for grading renal cortex 
stiffness or brosis, SWE cannot entirely replace it; however, it can be utilized for staging renal parenchymal disease (RPD). 
Serving as a cost-effective measuring tool, SWE aids in grading renal cortical stiffness and consequently RPD. When used in 
conjunction with B-mode ultrasound and aligned with its ndings, SWE emerges as a valuable, low-cost tool for more 
effectively staging RPD.

ABSTRACT

KEYWORDS : Chronic kidney disease, Chronic kidney disease, Elastography, shear wave elastography, eGFR.

Dr. Pankaj 
Badarkhe

Associate Professor, Department Of Radio-diagnosis, Government Medical 
College And Hospital Akola.

Radiology

INTRODUCTION
Chronic kidney disease (CKD) is a prevalent condition 
frequently encountered in clinical settings. Factors such as 
shifts in dietary patterns and a rise in sedentary lifestyles have 
contributed to the increasing prevalence of CKD, particularly 

[1]in association with Type II diabetes . CKD, characterized by a 
decrease in estimated glomerular ltration rate (eGFR) or the 
presence of albuminuria, is linked to the progression to end-
stage renal disease (ESRD), necessitating interventions like 

[2]dialysis or kidney transplantation to sustain life . Moreover, 
individuals with CKD face heightened risks of premature 

[1, 2 ]mortality due to cardiovascular disease (CVD)  .

In India, diabetes stands out as the leading contributor to the 
burden of CKD/ESKD, constituting approximately one-third of 
CKD cases, followed by other causes such as hypertension, 

[3, 4]glomerulonephritis, and undetermined factors . The global 
impact of CKD on mortality and morbidity is signicant. 
However, accurate assessment of CKD in India has been 
hindered by the absence of a comprehensive renal registry. 
Nonetheless, it is estimated that CKD affects around 800 per 
million population in India, with ESRD incidence ranging from 

[6]150 to 200 per million population .

Population-based studies have identied diabetic 
nephropathy as the most prevalent cause of CKD, affecting 30-
40% of individuals with diabetes and contributing to half of all 

[7]cases of kidney failure . Advanced stages of CKD are 
associated with heightened mortality and morbidity rates. 
Currently, CKD staging relies on estimated glomerular 
ltration rate (eGFR) calculated from serum creatinine levels 
[8]. Timely detection of CKD and initiation of both non-
pharmacological and pharmacological interventions have 

 [9–17]been shown to mitigate its progression to ESRD .

Despite the plethora of risk factors and complications 
associated with CKD, it often goes unnoticed, frequently being 
incidentally detected via ultrasonography. This is primarily 
due to the asymptomatic nature of early-stage CKD. 
Enhancing awareness and encouraging proactive health-
seeking behavior through screening efforts can be 

[18]instrumental in identifying CKD in its early stages . Studies 
have demonstrated the cost-effectiveness of screening and 

 [19]treating CKD, particularly in individuals with diabetes .

In advanced stages, chronic kidney disease (CKD) is 
[20]associated with increased mortality and morbidity . 
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Currently, the estimated glomerular ltration rate (eGFR) 
[20]derived from serum creatinine values is used to stage CKD . 

However, this technique has limitations, including 
confounding by race, gender, and muscle mass. Intra-renal 
brosis is a nal common pathway and pathological end-
stage for all CKD patients, and the degree of brosis can be 

[21]correlated with disease severity .

Elastography, a non-invasive technique that measures tissue 
elasticity, has emerged as a promising approach. Most 
elastography techniques, such as shear wave elastography 
(SWE) utilizing Acoustic Radiation Force Impulse (ARFI) 
quantication, are ultrasound-based. Shear wave 
elastography involves applying a low-frequency focused 
impulse to induce a shear wave in the tissue, perpendicular to 
the direction of the applied impulse. The speed of the shear 
wave, referred to as shear wave velocity, is proportional to 
tissue stiffness. Elastography quantication of shear wave 
velocity has shown promise as an alternative technique for 

[22,23]assessing liver brosis .

Until now, renal biopsy has been the only known method for 
the detection of intra-renal brosis, serving as the gold 

[21]standard for diagnosis . However, it presents signicant 
disadvantages, including invasiveness, expense, and an 
increased risk of complications. Moreover, insufcient biopsy 
samples often lead to challenges in proper histopathological 
diagnosis of the disease.

MATERIALS AND METHODS
Patient Selection
The inclusion criteria of the cases were as follows: 

21.  Subjects with an eGFR less than 90 (ml/min–1/1.73 m ).
2.  Participants with serum creatinine levels exceeding 1.2 

mg %.
Exclusions were applied under specic circumstances:
1.  Subjects displaying normal kidneys with normal cortical 

echogenicity.
2.  Individuals who declined participation in the study.
3.  Participants unable to adhere to the sonographer's 

breathing instructions during the Shear Wave 
Elastography (SWE) procedure.

The cohort under investigation consisted of 20 patients (12 
males, 08 females) undergoing treatment at Government 
Medical College, Akola. Comprehensive patient data 
including age, gender, and kidney function test results were 
documented, along with corresponding ultrasound shear 
wave elastography images.

METHODS
Written consent, duly informed, was acquired from all study 
participants. The data encompassed 20 adults (12 males, 8 
females, mean age 55), referred to the Department of 
Radiology, Government Medical College, Akola, for routine 
abdominal ultrasound between September 1, 2023, and 
November 30, 2023. The staging of chronic kidney disease 
(CKD) relied on eGFR values, with radiological classication 
based on parenchymal thickness, delineated as Grade I, II, or 
III renal parenchymal disease (RPD). eGFR computations 
were executed via the CKD-EPI creatinine equation (2021) 
utilizing the online eGFR calculator provided by the National 

[27]Kidney Foundation . 

Shear wave elastography, conducted utilizing "Samsung 
RS80" ultrasound equipment, entailed the measurement of 
elastography values (expressed in kPa) at the upper, middle, 
and lower poles of the affected kidney. In cases of bilateral 
CKD, elastography was performed on the kidney with the 

higher grade of CKD. To mitigate inter-observer variability, the 
ultrasound procedure was carried out by a single observer.

Informed Consent
Regarding informed consent, explicit written consent was 
procured from each participant in the study, ensuring their 
anonymity. No form of incentive was provided to participants 
for their involvement in the research.

DISCUSSION
Sonographic shear wave elastography represents a novel 
non-invasive method for diagnosing renal parenchymal 
brosis and cortical stiffness. Our investigation revealed a 
correlation between escalating serum creatinine levels and 
advancing stages of chronic kidney disease (CKD), with a 
corresponding increase in the grade of renal parenchymal 
disease (RPD) observed on B-mode ultrasound. This nding is 

[26]consistent with a study by Shakeel A. et al. , which identied 
renal cortical echogenicity as the most reliable sonographic 
parameter correlating with serum creatinine levels in CKD 
patients. Additionally, our study found that the average kPa 
value of the renal cortex, measured at the upper, middle, and 
lower poles of affected kidneys, increased in tandem with the 

[24]grades of RPD and stages of CKD. Kuttancheri T et al.  
similarly concluded in their original research that the 
correlation between renal tissue elastography values and 
estimated glomerular ltration rate (eGFR) suggests shear 
wave elastography (SWE) as an indicator of renal tissue 

[25] injuries in CKD patients. A separate study by Samir et al. 
arrived at comparable results in a cross-sectional pilot study, 
indicating that Young's modulus obtained through SWE could 
effectively differentiate between renal tissue affected by CKD 
and normal renal tissue, even when renal size could not 
discern between the two conditions.

[24]Kuttancheri T et al.  established a cutoff value of 4.95 kPa for 
the median estimated tissue Young's modulus to distinguish 
CKD from normal kidneys with 2 standard deviations above  
the mean (2.7 ± 1.1 kPa). Our study observing a Young's 
modulus exceeding 5 kPa in all CKD cases, where the average 
eGFR was 30 ml/min/1.73 m^2, and the average value was 
8.6 kPa. This led us to conclude that as eGFR values decrease, 
renal elasticity diminishes, and renal stiffness increases, 
indicating a positive correlation between CKD grades and 
renal parenchymal stiffness and brosis. Moreover, our study 
noted that with increasing grades of renal parenchymal 
disease on B-mode ultrasonography, the Young's modulus, 
indicative of renal stiffness/brosis, also rose. Statistical 
analysis was performed on the collected data, using pearson 

[28,29]correlation coefcient using Online software . Results of 
the pearson correlation indicated that there is a signicant 
large negative relationship between X and Y, (r (18) = 0.931, 
p<0.001).

Utilizing shear wave elastography enables the grading of 
brosis based on Young's modulus values, akin to liver 
elastography. This approach facilitates early detection of 
renal brosis and holds the potential to reduce the necessity of 
renal biopsy and associated complications. Shear wave 
elastography offers ease of implementation, affordability, 
reduced time consumption, and fewer complications in 
detecting renal scarring/brosis.
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Image : 1 :- In a patient with Grade III renal parenchymal 
disease the Young's Modulus was calculated using Samsung 
RS80 EVO equipment. It was found to be increased (9.6 kPa) 
more than the normal reference value (i.e. approximately 5 

[24]kPa) .

Image : 2 :- In a patient with Grade II renal parenchymal 
disease the Young's Modulus was calculated using Samsung 
RS80 EVO equipment. It was found to be increased (7.4 kPa) 
more than the normal reference value (i.e. approximately 5 

[24]kPa) .

Image : 3 Line Fit plot shows the negative correlation between 
the degree of decrease in e-GFR value to the increase in the 
renal parenchymal stiffness or Young's modulus.

OBSERVATIONS
Demographic Data Obtained

* Young's modulus were taken as average of kPa values at 
upper, mid and lower pole.

Abbreviations
CKD : Chronic kidney disease
RPD : Renal parenchymal disease
SWE : Shear Wave Elastography
eGFR : Estimated glomerular ltration rate
M : Male
F : Female
+ : Present
- : Absent

CONCLUSION 
The correlation between renal tissue elasticity and B-mode 
ultrasound suggests that shear wave elastography (SWE) has 
the potential to serve as an indicator of chronic kidney disease 
(CKD) severity. While renal biopsy remains the gold standard 
for grading renal cortex stiffness or brosis, SWE can 
complement this by providing staging information for renal 
parenchymal disease (RPD). Although SWE cannot entirely 
replace biopsy, it offers a cost-effective means of measuring 
renal cortical stiffness and, consequently, assessing RPD.

Utilizing shear wave elastography allows for the grading of 
brosis based on Young's modulus values, similar to liver 
elastography. This approach facilitates early detection of 
renal brosis and holds promise for reducing the necessity of 
renal biopsy and its associated complications in the future. 
When combined with B-mode ultrasound and correlated with 
its ndings, shear wave elastography emerges as a valuable, 
easily accessible, and cost-effective tool for more effective 
staging of RPD.
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