
Annals of PIMS                     ISSN:1815-2287 

 

 Ann. Pak. Inst. Med. Sci. 2016                           191 

 

Determination of Best Grey-Scale Ultrasonography 

Parameter for Assessment of Renal Function in Chronic 

Kidney Disease 
Ali Mansoor1, Amalia Ramzan2, Aamer Nadeem Chaudhary3 

A u t h o r ` s   
A f f i l i a t i o n  

1FCPS Resident, Department of 
Radiology, Jinnah Hospital, Lahore 
2Senior Registrar, Department of 
Radiology, Jinnah Hospital, Lahore 
3Professor and Head of Department 
of Radiology, Jinnah Hospital, 
Lahore 

A u t h o r ` s  
C o n t r i b u t i o n  

1Data Collection, Data analysis and 
interpretation, drafting the article 
2Conception and design of the study, 
Drafting, Critical revision. 
3Critical revision & final approval of 
the manuscript 

H o w  t o  C i t e  t h i s  
M a n u s c r i p t  

Mansoor A, Ramzan A, Chaudhary 

AN. Determination of Best Grey-

Scale Ultrasonography Parameter 

for Assessment of Renal Function in 

Chronic Kidney Disease. Ann. Pak. 

Inst. Med. Sci. 2016; 12(4):191-194. 

Funding Source: Nil 
Conflict of Interest: Nil 

Address of Correspondence 

Ali Mansoor 
dr.alimansoor@hotmail.com  
 
 
 

 

A B S T R A C T  

Objective: To determine the best renal ultrasonographic parameter in 
assessing renal function in chronic kidney disease (CKD) patients. 
Study design: Observational study 
Place and Duration of Study: Radiology Department, Jinnah Hospital, 
Lahore from September 2015 to January 2016. 
Materials and methods: 50 patients diagnosed with CKD referred to 
Radiology Department for ultrasonography were included in the study. 
Serum creatinine level recorded within last 90 days was used to 
estimate GFR by CKD-EPI equation modified for Pakistan’s population. 
Renal length, renal cortical thickness, and renal parenchymal thickness 
was recorded in ultrasonography and renal volume calculated by the 
formula. Linear regression was then used for analysis and p and r2 
values calculated for each of these. 
Results: There was a significant and strong relationship between renal 
cortical thickness and renal function in CKD patients as evident by a p-
value < 0.001 and r2 value of 0.508. Renal parenchymal thickness 
showed a significant but weaker relationship with renal function (p-value 
= 0.001, r2 = 0.216). Renal volume had a significant but weak 
relationship (p-value 0.028, r2 0.097) while p-value of 0.609 showed 
that there was no significant relationship between renal length and 
kidney function in the subjects. 
Conclusion: Renal cortical thickness is the best indicator of renal 
function in CKD patients. 
Keywords: Chronic Kidney Disease (CKD), Ultrasound, Renal Cortical 
Thickness, Glomerular Filtration Rate (GFR) 

Introduction  

Chronic kidney disease (CKD) is a worldwide health 

problem with a rising incidence and prevalence. It has an 

estimated prevalence of 8-16 % worldwide1 and 12.6% in 

Pakistan2. CKD is associated with significant morbidity 

and mortality. As the disease burden is expected to rise so 

are the management costs, taking a toll on economic 

resources particularly in limited resource settings like 

ours. Therefore, there is continued interest in finding 

alternate effective and economic tools which can aid in 

the management of the disease. 

Ultrasonography is considered one of the best tools for 

screening patients for renal insufficiency3 and also used 

for monitoring the progression of CKD. Therefore, nearly 

all patients of CKD undergo renal ultrasound during the 

course of their management. It has been firmly 

established that kidney dimensions correlate with 

nephron mass and hence renal function in healthy 

individuals.4 However, which kidney dimension reflects 

the renal function best in disease state remains a matter of 

debate. Traditional teaching has regarded renal length 

measured at ultrasonography as the best parameter for the 
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purpose of estimating and monitoring renal function in 

these patients, and this is the parameter most commonly 

reported while performing a renal ultrasound.5 However, 

some recent studies have questioned this notion with 

alternatives like renal volume, renal cortical thickness 

and renal parenchymal thickness being suggested as 

better predictors of renal function in CKD patients. 

The present study was undertaken with the aim of 

comparing these four parameters i.e. renal length, renal 

volume, renal cortical thickness and renal parenchymal 

thickness for assessment of renal function in CKD 

patients and determine which of them is most suitable for 

this purpose. 

Methodology 
This cross-sectional study was carried out in Radiology 

Department, Jinnah Hospital, Lahore from September 

2015 to January 2016. Patients clinically diagnosed with 

CKD who presented to the department for 

ultrasonography were recruited in the study through non-

probability consecutive sampling. Those less than 18 

years of age (not valid for estimation of GFR by CKD 

formula), having renal calculi, cysts or hydronephrosis 

(implications for affecting renal ultrasound parameters) 

and those on dialysis (creatinine value not reflecting true 

indigenous renal function) were excluded. A sample size 

of 50 was calculated by Win Pipi version 11.15 with a 

confidence interval of 95%, an acceptable difference of 

10% and assumed the proportion of best ultrasound 

parameter of the renal function in CKD patients of 85%.  

Therefore, 50 patients (22 males and 38 females) who 

met the inclusion criteria were included in the study. 

Estimation of Renal Function: The lowest creatinine 

value recorded within previous 90 days was used for 

calculation of eGFR. The lowest value was used as it 

represented the best documented renal function in the 

study period and minimize the effect of superimposed 

acute on chronic renal failure3. It was decided to use a 

locally validated equation for estimating GFR for 

assessment of renal function as recommended by KDIGO 

guidelines.6 Therefore, a version of CKD-EPI equation 

for eGFR, modified for Pakistani population was used for 

this purpose. The CKD-EPI eGFR is given by formula7: 

(141 x (min of Cr/κ or 1)αx (max of Cr/κ or 1)-1.209 x 

0.993age x 1.018(if female) x 1.159 (if Black) where κ = 

0.7 (females) or 0.9 (males) andα = -0.329 (females) or -

0.411 (males)    

The modified version for Pakistani population is8: 

0.686 x (CKD-EPI eGFR)1.059 

Ultrasound Interpretation: The ultrasounds were 

performed in the Radiology department of our tertiary 

care hospital using standard gray-scale B-mode imaging 

with a 3.5 MHz curvilinear transducer. The examinations 

were assessed in real-time at the time of performing the 

ultrasound. The renal length was measured as the 

maximum bipolar distance in the sagittal plane. The renal 

volume was calculated using Dinkel’s formula9 for 

calculating the volume of ellipsoid [0.523 x (length x 

depth x width)]. The renal cortical thickness was 

measured at the level of mid-kidney over a renal pyramid 

perpendicular to the capsule as the shortest distance from 

the base of the medullary pyramid to the renal capsule as 

described by Moghazi et al.10 Renal parenchymal 

thickness was measured from the echogenic renal sinus 

fat to the renal capsule perpendicular to the capsule. The 

radiologist was blinded to the specific renal function of 

the patient when performing the scan. The measurements 

were taken bilaterally and a mean value calculated which 

was then used for analysis. 

The data was entered in SPSS version 20. The 

relationship between renal function and the various 

ultrasound parameters was assessed using linear 

regression. A p-value of less than 0.05 was considered 

significant and the r2 value was used to assess the 

strength of the relationship. 

Results  
Of the 50 subjects included in the study, 56% were 

female and 44% male with a mean age of 47.7±17.7 

years. The mean serum creatinine level was 6.9 mg/dL 

and mean value of eGFR 14.9 ± 9.3. Most of the patients 

belonged to CKD grade V (56%), 14% had grade IV 

CKD and all the rest belonged to CKD grade III. The 

mean values of the renal ultrasonography parameters are 

presented in table I.  

Table I: Mean Values of Renal Ultrasonography 

Parameters 

PARAMETER MEAN 

Renal Length 9.4 ±1.7 cm 

Renal Volume 104.8 ± 48.8 cm3 

Renal cortical thickness 0.8 ± 0.3 cm 

Renal parenchymal 

thickness 

1.6 ± 0.4 cm 

 

The relationship between renal cortical thickness and 

renal function was significant and strongest as evidenced 

by a p-value < 0.001 and r2 value of 0.508 (Figure I). 

Renal parenchymal thickness also showed a significant 

but weaker relationship with renal function (p-value = 

0.001, r2 = 0.216) as seen in Figure II.  
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Figure III shows that renal volume had significant but 

weakest relationship (p-value 0.028, r2 0.097) while renal 

length did not have any significant relationship with 

kidney function in CKD patients (p-value 0.609). 

 

Discussion 
This study evaluated the relationship between a new 

method of estimating renal function and ultrasonographic 

parameters – to the best of our knowledge there is no 

previous study correlating GFR estimated by CKD-EPI 

equation with ultrasonographic parameters in CKD 

patients. 

In patients with CKD, renal cortex often gets thinned out 

besides becoming echogenic. This can occur even with a 

normal bipolar renal length due to increase in the central 

sinus fat. Therefore, ultrasonographic measurement of 

renal cortical thickness has been suggested as an index 

for assessing the health status of the kidney.11 Our study 

also found renal cortical thickness as the best predictor of 

renal function in CKD patients. Beland et al.12 compared 

renal cortical thickness with eGFR calculated by both 

MDRD and Cockcroft-Gault equations in 25 CKD 

patients. They reported a significant relationship between 

these (r2value of 0.66).  Another study was done by 

Mustafiz et al.13in 2013 and comparing the same 

parameters also showed a significant correlation between 

renal cortical thickness and eGFR (r value of 0.8). Muto 

et al.14  also reported a significant relationship between 

renal function and renal cortical thickness measured on 

CT scan. 

The decrease in renal parenchymal thickness can precede 

the elevation of serum creatinine in early renal 

dysfunction.15In our study, the relationship between renal 

function and renal parenchymal thickness was significant 

but weaker than renal cortical thickness – the r2 value 

obtained was 0.216. Siddapa et al. has reported similar 

results.16Jovanovic et al. also reported a significant 

correlation between renal parenchymal thickness and 

creatine clearance as well as creatinine and creatinine 

clearance calculated by CG formula.17 

We found a significant but very weak relationship (p-

value 0.028, r2 0.097) between renal volume estimated by 

a formula using ultrasonographically measured renal 

dimensions and renal function. This could be because 

estimates of renal volume based on the ellipsoid formula 

have inherent inaccuracy as the kidney is not an 

ellipsoid.18 Further, the central echogenic sinus fat is 

included in the volume estimated by this formula and this 

fat may actually increase while the parenchyma atrophies 

thus leading to overestimation of renal volume. Makusidi 

et al. has also demonstrated similar results as our study.19 

Sanusi et al. also showed weak but positive correlation 

between renal volume and renal function.20 On the other 

hand, Kim et al. found renal volume as a very reliable 

indicator of renal function.21 However, his study involved 

use of matrix array tranducer and 3 dimensional 

ultrasonography which could explain the discrepancy 

between his study and ours. 

Renal length has previously been deemed as an 

insufficient independent indicator of CKD based on 

finding that some patients selected for renal biopsy based 

on renal length criteria turned out poor prognosis after 

renal biopsy. 22 In our study, the renal length did not 

show a significant relationship with renal function as 

suggested by a p-value of 0.067. Beland et al. also 
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demonstrated that there was no significant relationship 

between GFR estimated by MDRD equation and renal 

length.12 Siddappa et al. also obtained similar results 

when correlating serum creatinine level with renal 

length.16 Mazzotto et al. also reported that while renal 

length decreased significantly up to creatinine clearance 

30 ml/min; below this the decrease was insignificant. 23 

However, our study had a couple of limitations. The 

sample size was limited to 50; further studies evaluating a 

larger number of patients would be required to establish 

the results with more certainty. Secondly, since this study 

was conducted at tertiary care hospital, most of the 

subjects had end-stage renal disease. Ideally, patients 

with a full spectrum of disease from all stages of CKD 

should have been included. 

Conclusion 
Ultrasonography offers a cheap, non-invasive and easily 

available method for assessment of renal function in 

healthy and diseased individuals. However, a reliable and 

measurable parameter is necessary so that this assessment 

can be done objectively for a proper follow-up of CKD 

patients. Out of various renal measurements, renal 

cortical thickness appears to correlate best with renal 

function in patients having renal impairment and 

therefore should be routinely included in ultrasonography 

reports. 
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