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IntrOductIOn
Sonography is the preferred modality of imaging in suspected cases 
of acute and chronic renal diseases. The ease of performing the 
sonography with the advantage of affordability, availability, lack of 
ionizing radiation, portability with option of conducting investigation 
at patient's bedside and repeatability makes sonography as the most 
useful investigating tool in evaluating renal diseases [1].  Though the 
sonographic findings of renal diseases are nonspecific, nevertheless 
these findings are of enormous help in evaluating the nephrological 
diseases [2]. Sonography is extensively used to assess the kidneys 
and sonographic grading of renal parenchymal changes is also used 
by both radiologists and nephrologists to assess the renal function. 
Glomerular filtration is the process by which the kidneys filter the 
blood, removing excess wastes and fluids. Glomerular Filtration Rate 
(GFR) is a calculation that determines how well the blood is filtered 
by the kidneys, which is one way to measure the remaining kidney 
function.  The GFR is typically recorded in units of volume per time, 
e.g., millilitres per minute (ml/min).  Glomerular  filtration  rate  (GFR)  
is  the  best  overall  index  of  kidney function, which is the best 
way to tell how much kidney function the person has. It is used to  
assess  renal  function  and  is  a  more  sensitive  measure  of  renal  
impairment  than  serum creatinine. Even with normal range of serum 
creatinine, person can have significantly reduced renal function and 
by the time the serum creatinine is increased above normal range, 
there could be reduction in up to 50 % of renal function, especially in 
aged individuals. GFR will allow earlier identification of patients with 
chronic kidney disease (CKD). This is particularly important as these 
patients are at increased cardiovascular risk compared with the 
general population and may benefit from risk factor modification. 
Normal GFR is above 100 ml /minute/1.73 m2. A GFR in the range 
of 60 -100 may indicate early renal disease. A GFR under 60 ml/
minute/1.73 m2 indicates significant kidney disease. Lower GFR 

 

value indicates worse kidney function. Also, a progressive decline 
in GFR is an indicator of declining in the renal function [3]. In clinical 
practice GFR is estimated (eGFR) using a mathematical formula that 
considers  a person's body surface area, age, sex, race and serum 
creatinine levels. Presently eGFR is calculated using modified diet in 
renal disease (MDRD) formula which gives eGFR in ml/min/1.73 m2. 
The MDRD formula is derived at (175 × (Scr)-1.154 × (Age)-0.203 × 
(0.742 if female) × (1.212 if African American). The equation does not 
require weight because the results are reported normalized to 1.73 
m body surface area, which is an accepted average adult surface 
area. Ethnicity of the person is considered in calculating eGFR 
using MDRD formula, because Africans tend to have proportionally 
greater muscle mass than non Africans and therefore produce 
more creatinine. The estimated GFR using this formula is found to 
be more accurate and acceptable in evaluating kidney disease in 
day to day practice [4]. The objective of the present study was to  
compare  the  sonographic  severity  grading  of  renal  parenchymal  
changes  with  eGFR calculated using MDRD formula among the 
patients with bilateral renal disease.

MAterIAls And MethOds
The study was conducted in the Department of Radiology, in 
collaboration with Department of Medicine and Nephrology,   
Yenepoya   Medical   College   Hospital,   Mangalore,   India   
a constituent college of Yenepoya University. The study was 
conducted in the year 2014. The adult patients with suspected 
kidney disease referred from the department of medicine and 
nephrology for sonography of abdomen were the study participants. 
We conducted a cross-sectional study from March to September 
2014 and data was collected for 70 patients during study period. 
We did not include or exclude the patients for the study based 
on history of diabetes or hypertension. For each of the patient 
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ABstrAct
Introduction: The sonographic findings are of help in evaluating 
the nephrological diseases. Glomerular filtration rate is another 
parameter for assessing the reserved renal function and an 
indicator of prognosis. In clinical practice GFR estimation 
(eGFR) is done by using a mathematical formula. In our study, 
we compared the sonographic grading of renal parenchymal 
changes with eGFR  calculated  using  Modified Diet in Renal 
Diseases  formula  based  on serum  creatinine, age, gender  
and ethnicity. 

Aim: To evaluate the relevance of sonographic grading of renal 
parenchymal changes in assessing the severity of the renal 
disease and comparing it to the eGFR calculated using MDRD 
formula based on the age, gender and serum creatinine value 
of the patient. 

Materials and Methods:  The  adult  patients  with  suspected  
kidney  disease  referred  for  sonography  of abdomen were 
our study participants. As per our study design following strict 
inclusion and exclusion criteria, patients were selected as study 
participants and for each of the patient’s renal parenchymal 
status, serum creatinine, age, gender and ethnicity were 
documented. 

results: A total of 70 patients were our study participants, out 
of which 67.1% were males and 32.9% were females. Our study 
showed a linear correlation between sonographic grading of 
renal parenchymal changes with eGFR. 

conclusion: We conclude that by evaluating the kidneys with 
sonography and calculating eGFR using MDRD formula the 
renal status will be more accurately interpreted. 
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Parameter Gender

Male (n=47) Female (n=23)

Mean age (±SD) 52.5±7.8 57.3± 9.3

Mean kidney size (±SD) [cm] 9.8±0.85 9.13±1.15

Serum creatinine (±SD) [mg/dl] 2.1±0.93 2.1±1.2

eGFR (±SD) [ml/ min/1.73  m2] 46.8±30.4 38.4±25.5

Sonographic grading

0 9 5

I 7 4

II 21 9

III 10 5

[table/Fig-5]: Descriptive statistics of patients with bilateral medical renal disease 
(n=70).

[table/Fig-6]: Correlation between ultrasonographic grading of renal parenchymal 
changes with serum creatinine.

[table/Fig-1]: Grade 0- Normal sized kidney, cortical echogenicity is less than that of spleen, with well maintained cortico-medullary differentiation. [table/Fig-2]: Grade 1- 
Normal sized kidney, cortical echogenicity is same as that of spleen, with maintained cortico-medullary differentiation. [table/Fig-3]: Grade 2- Normal sized kidney, cortical 
echogenicity is more than that of spleen, decreased cortico-medullary differentiation. [table/Fig-4]: Grade 3- reduced renal length, cortical echogenicity is more than that of 
spleen, with poorly maintained cortico-medullary differentiation.

with suspected renal disease ultrasound scan of abdomen was 
performed and the renal size was measured and the parenchymal 
changes were graded. Then the serum creatinine, age, gender were 
documented for all study participants. The data was analysed using 
Statistical Package for the social sciences (SPSS) for windows 
version 16.0.Chicago, SPSS Inc.  Descriptive statistics were used 
to express the results. Pearson or Spearman’s correlation coefficient 
values were used to draw valid inferences. All the patients of our 
study were of Indian origin, residents of Karnataka – Kerala origin.

Inclusion criteria: Age >18 years (MDRD formula for calculating 
eGFR is applicable for persons aged more than 18 only) and patients 
with bilateral disease.

exclusion  criteria:  Those patients  on renal replacement  therapy 
like dialysis  or renal (to avoid statistical variations as the serum 
creatinine may not be consistent in them) patients with major 
physical handicap (as their body surface area is altered and MDRD 
formula is not acceptable in this group of patients), patients with 
single kidney, obstructive uropathy, cases of polycystic kidney 
disease, renal malignancy, patients in sepsis, having acute illness 
like diarrhea, dehydration and acute febrile illness.

ethics  statement:  The  ethical  committee  of  the  University  
was  consulted  and  ethical clearance was obtained before starting 
the study. Written informed consent was taken before enrolling the 
patients for the study.

Sonography of study participants was performed with Wipro GE 
Voluson E8 using convex transducer by a single radiologist having 
13 years of experience in renal ultrasound. Patient's age, sex and 
ethnicity was documented   before  doing sonography.  For each of 
study participant, renal parenchymal status was documented based 
on their size and echo-texture. The echo texture of spleen instead of 
liver is used to compare the renal cortical echotexture, as  presence  
of  fatty  liver  may  cause  errors  in  comparison  and  splenic  echo  
texture  is consistently preserved in majority of population. Following 
grading system was used [Table/Fig-1-4] [5]:

Renal  length  was  measured  in  coronal  plane,  with  patient  in 
lateral  position  (left  lateral position for right kidney and right lateral 

position for left kidney) with breath holding in midinspiration.  A renal 
length of 9-11 cm was considered as normal [6]. After Sonography 
serum creatinine was evaluated and was compared with sonographic 
grading. The mean serum creatinine was 2.1(±1.03) mg / dl. 

results
A total of 70 patients were our study participants, out of which 47 
(67.1%) were males and 23 (32.9%) were females. The mean age of 
the study participants was 55.45 ± 8.35 years (range: 40-72 years) 
[Table/Fig-5].  There was no specific pattern of sonographic grading 
in different age groups.  The findings were not gender dependent 
and the findings were the same in both sexes. On  sonographic  
evaluation  of  our  study  participants;  14(20%)  cases  showed  
grade  “0”,11(15.7%) cases showed grade “1”, 30(42.9%) cases 
showed grade “2” and15 (21.4%) cases showed  grade  “3” renal  
parenchymal  changes. There was no change in grading of renal 
parenchymal changes between male and females or patients of 
different age groups. In our study, as the sonographic grading of 
renal parenchymal changes increased, the serum creatinine also 
increased in linear pattern [Table/Fig-6]. The tendency of the graph 
showed linear correlation  between  the  sonographic  grading  of  renal  
parenchymal  changes  and  serum creatinine. A graph generated 
by plotting sonographic grading of renal parenchymal changes 
and eGFR. This graph shows an inverse relationship between the 
sonographic grading and eGFR [Table/Fig-7]. As the grading of renal 
parenchymal changes increased, the eGFR decreased. Similarly the 
serum creatinine had an inverse relationship with eGFR; i.e.  as the 
serum  creatinine increased,  the  eGFR  decreased  [Table/Fig-8].
The  other  finding  we  noted  was  a correlation between the kidney 
size and eGFR. As the average kidney size decreased, eGFR also 
decreased in linear pattern [Table/Fig-9]. Our study showed a linear 
correlation between sonographic grading of renal parenchymal 
changes with eGFR [Table/Fig-8].



www.jcdr.net Vinayaka Undemane Shivashankara et al., Comparison of Grading of Renal Parenchymal Changes by Sonography  and eGFR

Journal of Clinical and Diagnostic Research. 2016 Feb, Vol-10(2): TC09-TC11 1111

[table/Fig-7]: Correlation between ultrasonographic grading of renal parenchymal changes with estimated glomerular filtration rate (eGFR).  [table/Fig-8]: Correlation between 
the serum creatinine and estimated glomerular filtration rate (eGFR). [table/Fig-9]: Correlation between the average kidney sizes with estimated glomerular filtration rate 
(eGFR). 

dIscussIOn
Sonography is an important non-invasive investigating tool in 
evaluation of diseases of the kidney [7]. By grading the renal 
parenchymal changes, the severity of the disease can be assessed 
[8]. GFR is the most important indicator of renal function. By 
calculating eGFR using simple available MDRD formula, the reserved 
renal function and in turn the severity and prognosis of the patient 
can be evaluated [9]. Various studies have shown accuracy of 
sonography in assessing the renal parenchymal disease with good 
sensitivity, though  less specificity [10]. Levey et al., have studied the 
role of eGFR in evaluating chronic kidney disease and in predicting 
prognosis. The eGFR is one of the important indicator of reseved 
renal function and the indicator of prognosis. Progressive declining 
eGFR is associated with higher morbidity and mortality [11]. In  our  
study we  attempted  in  comparing  the  sonographic  grading of 
renal parenchymal changes, which is useful in initial evaluation  of 
renal disease with the eGFR which is an indicator of reserved renal 
function and prognosis. We used two independent diagnostic tools 
to enhance the accuracy of renal assessment.  In  our  study,  the  
correlation  between  the sonographic  grading  and  the  eGFR  
showed  that,  increased  grading  was  associated  with decreased 
eGFR. Hence, Sonography can be well used as a preliminary 
investigating tool, as it is easily available, non-invasive and does 
not involve exposure to ionizing radiation. By considering eGFR and 
sonographic grading of renal parenchymal changes the accuracy of 
assessment of renal ruction will be increased.

lIMItAtIOn 
Neither sonography nor eGFR can point out the specific aetiology 
for compromised renal function.

cOnclusIOn
eGFR is an important  factor  which  can be used as a factor to 
predict  prognosis  in renal diseases. Sonography is a good non-
invasive diagnostic tool for evaluation of renal disease. There is 
good correlation between the sonographic grading and eGFR using 
MDRD formula. We conclude that by evaluating the kidneys with 
Sonography and calculating eGFR using MDRD formula the renal 
status will be more accurately interpreted.
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