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Introduction
An estimated 1.2 million people 

worldwide died of chronic kidney 
disease (CKD) based on the 2017 
Global Burden of Chronic Kidney 
Disease Study.1  The prevalence of 
CKD in Asian countries is reported to 

Abstract

Chronic kidney disease (CKD) is one of the leading causes of mortality in the Philippines. In a country with a poorly 
structured healthcare system, it is important to maximize available resources in the management of patients 
with this disease. 

Ultrasound is the imaging modality of choice for screening and detection of kidney disease. Both morphologic (kidney 
length, renal parenchymal echogenicity grading) and hemodynamic (resistivity index) sonographic parameters are 
valuable in the assessment and determination of disease progression. 

This is a prospective cross-sectional study correlating the ultrasonographic parameters (morphologic and hemody-
namic) to the computed estimated glomerular filtration rate (eGFR) of CKD patients. A total of 42 subjects catego-
rized as belonging to CKD grades 3 through 5 based on eGFR participated. 

The study showed a significant correlation between renal parenchymal echogenicity and eGFR. In conclusion, the 
grading of renal parenchymal echogenicity is a useful parameter compared to the resistivity index and renal length in 
determining the renal status of CKD patients.
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be among the highest in the world. 
As of 2016, it was one of the leading 
causes of death, according to The 
American Journal of Kidney Disease.2 
In the Philippines, kidney diseases, 
especially end-stage renal disease 
(ESRD), are the seventh leading cause 
of death among Filipinos, according 

to the National Kidney and Trans-
plant Institute.3 Chronic kidney dis-
ease poses a tremendous financial 
burden on patients in developing 
countries with poorly structured 
public healthcare systems, such as 
the Philippines.2

Adequate evaluation of renal dis-
eases with readily available diagnos-
tic tools is essential to decision mak-
ing that could offer a more favorable 
outcome for the patient. Ultrasonog-
raphy is becoming a first-line modali-
ty in suspected cases of renal disease 
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and postintervention surveillance. 
Since ultrasonography is relatively 
affordable, does not require contrast 
media or expose patients to ionizing 
radiation, and is non-nephrotoxic, it 
has become the most useful tool in 
evaluating renal disease.4,5 

Morphological changes in the re-
nal parenchyma were indisputably 
found to correlate with renal disease 
thus, Doppler ultrasound has been 
incorporated in greyscale imaging 
and is used to calculate the resistive 
index (RI) flow parameter, which 
has been considered in numerous 
studies to be a promising tool in ob-
taining quantitative diagnostic and 
therapeutic insight into CKD.6

Research Question
The major question at the center 

of this study was: which sonograph-
ic parameter (resistivity index, 
renal parenchymal echogenicity 
grading, or kidney length) is most 
sensitive to and correlates well with 
declining eGFR levels in patients 
with chronic kidney disease under-
going whole abdominal ultrasound 
at West Visayas State University 
Medical Center (WVSUMC)?

Statement of the Problem

The estimated glomerular filtra-
tion rate is the most widely used 
indicator for renal disease. The 
“2002 National Kidney Foundation–
Kidney Disease Outcomes Quality 
Initiative (NKF-KDOQI) Clinical 
Practice Guidelines for Chronic 
Kidney Disease: Evaluation, Clas-
sification, and Stratification,” and 
“The Kidney Disease: Improving 
Global Outcomes (KDIGO) 2012 
Clinical Practice Guideline for the 
Evaluation and Management of 
Chronic Kidney Disease (CKD),” 
both define CKD as a decrease 
in eGFR (<60 ml/min/1.73 mm2). 
They also recommend the use of 
eGFR and creatinine in the initial 

assessment. However, the avail-
ability of eGFR reports may not be 
instantaneous in outpatient clinics. 
Some studies highlight common 
limitations that challenge the utility 
of eGFR in the diagnosis of CKD.7

Ultrasound has been used for 
decades to evaluate the degree of 
kidney disease using morphologic 
changes in the renal parenchyma. 
Recently, renal parenchymal resis-
tive indices have been found to help 
assess CKD. A study by Heine et al 
in 2006 concluded that ultrasound 
intrarenal RI independently reflects 
local renal damage and systemic 
vascular disease.8

Kidney sonography at our insti-
tution does not involve resistive 
index determination despite the 
ease of acquisition of RI values. 
There appears to be an insufficient 
comparative study regarding which 
parameter—ultrasound grading of 
the renal parenchyma, parenchy-
mal RI, or kidney length—best cor-
relates with abnormal eGFR levels. 
Moreover, the correlation between 
the sonographic variables is not 
well-documented in our setting. 

Although various studies have 
independently correlated each 
parameter to eGFR, how these vari-
ables compare with each other in 
evaluating CKD is not known. Thus, 
this study aimed to determine how 
well sonographic grading of renal 
parenchymal echogenicity, kidney 
size, and the resistive indices cor-
relate with declining eGFR grades in 
these patients.

Significance of the Study

In clinical settings, no single 
diagnostic parameter is recom-
mended for initial assessment of 
the patient’s condition. The KDOQI 
and KDIGO Guidelines define CKD 
based on structural abnormalities 
detected in imaging and decreased 
eGFR. Hence, this study seeks to 
correlate the sensitivity of ultra-

sound’s morphological and hemo-
dynamic parameters to the eGFR. 
The acceptable correlation of the 
two will impact clinicians, sonogra-
phers, radiologists, and patients.

Imaging with qualitative and 
quantitative parameters for detect-
ing CKD presence, severity, and 
progression will provide clinicians 
with better guidance in managing 
the disease and help determine 
treatment efficacy. In certain 
conditions where eGFR calculations 
are hampered by overestimations 
or underestimations owing to dis-
crepancies in the biomarkers being 
analyzed, sonography offers an 
alternative parameter. The current 
scanning protocol can be modified 
to incorporate vascular studies 
for CKD assessment and serve as 
alternative parameters where renal 
parenchymal echogenicity is indis-
cernible. A comprehensive imaging 
report with qualitative and quan-
titative assessment can provide 
patients with a more conclusive 
diagnosis, reducing the need for ad-
ditional, costly imaging procedures.  

Objectives of the Study

This study aimed to compare 
morphologic parameters (sono-
graphic grading of renal paren-
chymal echogenicity and kidney 
length) and the hemodynamic 
parameter (renal RI) and their 
correlation to the eGFR of CKD pa-
tients undergoing whole abdominal 
ultrasound at West Visayas State 
University Medical Center. More 
specifically, it was performed to:

•	 Identify which parameter is 
more sensitive to and correlates 
well with deranged eGFR levels 
(Grades 3 to 5); and, 

•	 Determine the correlations be-
tween different sonographic pa-
rameters (RI, renal parenchymal 
echogenicity grading or kidney 
length) as eGFR grades decline.
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Figure 1. Representative sonograms of renal parenchymal echogenicities at different gradings. Grade 0 (A) shows well-maintained cortico-
medullary differentiation with cortical echogenicity less than the adjacent spleen. Grade 1 (B) shows isoechoic cortex with that of the adjacent 
splenic parenchyma with maintained cortico-medullary differentiation. Grade 2 (C) shows decreased cortico-medullary differentiation with 
hyperechoic cortex compared to adjacent splenic parenchyma. Grade 4 (B) shows decreased renal length with markedly increased cortical 
echogenicity and lack of cortico-medullary differentiation.

A

C

B

D

Table 1. Grading of renal parenchymal echogenicity.
PARENCHYMAL ECHOGENICITY (COMPARED TO SPLEEN PARENCHYMA) CORTICO-MEDULLARY DIFFERENTIATION

GRADE 0 Less Well-maintained

GRADE 1 Same Maintained

GRADE 2 More Decreased

GRADE 3 More Poorly maintained

Supplement to Applied Radiology18 January / February 2024



A Comparative Study of Renal Parenchymal Resistive Index LEADERS ON THE HORIZON

Review of Literature
A review of the literature was 

conducted to determine the sub-
jects and conclusions of studies 
with respect to the utility of 
morphologic and hemodynamic 
parameters in ultrasound. 

eGFR

According to the “KDIGO 2012 
Clinical Practice Guideline for the 
Evaluation and Management of 
Chronic Kidney Disease,” the kid-
ney has many functions, including 
excretory, endocrine, and meta-
bolic. The glomerular filtration 
rate (GFR) is one component of 
excretory function. However, it is 
widely accepted as the best index 
of overall kidney function because 
it is generally reduced following 
widespread structural damage, and 
most other kidney functions de-
cline in parallel with GFR in CKD.9 

For these reasons, the guidelines 
recommend eGFR in the assess-
ment, management, and monitor-
ing of disease progression of CKD 
patients. In a 2008 commentary 
appearing in the Clinical Journal 
of American Society of Nephrology, 
however, Richard J. Glassock and 
Christopher Winearls discouraged 
the use of eGFR alone in diagnosing 
and classifying CKD.10 

Morphological Parameters

Unlike acute kidney injury, 
where healing is complete with 
total functional kidney recovery, 
sustained insults from chronic and 
progressive nephropathies progress 
to kidney fibrosis and destruction 
of the normal organ architecture.11 
Ultrasound scans that demonstrate 
small kidneys with reduced cortical 
thickness, increased echogenicity, 
scarring, or multiple cysts suggest a 
chronic process. 11 

In a 2015 study of 72 CKD 
patients with stages 1-4 disease, 

Lucisano et al concluded that the 
improved correlation of corrected 
parameters for body height with 
the GFR makes renal sonography 
a reliable tool for a more complete 
assessment of the disease.12 

In 2017, Yaprak and colleagues 
published their findings on the 
role of kidney length, parenchymal 
thickness and echogenicity in as-
sessing CKD. They utilized these pa-
rameters to interrogate each kidney 
of 120 patients with stages 1-5 CKD. 
An ultrasonographic CKD score 
was used, based on the mentioned 
parameters, which revealed that 
eGFR correlates with kidney length 
and parenchymal thickness.13 

In a study by Shivashankara et 
al, renal parenchymal status was 
assessed effectively using a grading 
system that compared the echotex-
ture of the renal parenchyma with 
that of the splenic parenchyma, as 
well as the degree of sonographic 
differentiation of the renal cortex 
to that of the medulla (Table 1).5

Ahmed et al in 2019 studied the 
correlation of the role of ultrasound 
with serum creatinine levels in the 
diagnosis of CKD. The researchers  
found that renal cortical echoge-
nicity correlates best with serum 
creatinine over longitudinal kidney 
length, parenchymal thickness, 
and cortical thickness in pa-
tients with CKD.14   

Hemodynamic Parameters

In their 2022 study, Radermacher 
et al hypothesized that in patients 
with CKD of any cause, the decline 
of renal function resulting from 
nonspecific renal scarring would 
correlate with a higher renal resis-
tance index. Interstitial fibrosis and 
loss of capillaries and glomeruli 
are the hallmarks of renal scarring. 
Assessment of intrarenal vascular 
resistance helps determine the de-
gree of renal parenchymal damage. 
Color Doppler ultrasonography 

was performed on 162 consecutive 
patients with renal disease. The 
researchers found that renal func-
tion declined over time in patients 
with RI >0.80. They concluded that 
a renal RI ≥0.80 reliably identifies 
patients at risk for progressive 
renal disease.15

A 2012 study published in Biomed 
Central Nephrology found an associa-
tion between renal RI with histo-
logic findings and renal outcome. 
The renal RI was measured prior to 
biopsy in 58 CKD patients. The study 
revealed that RI > 0.65 were associ-
ated with severe interstitial fibrosis, 
arteriosclerosis, and declines in 
renal function.16 However, the sam-
ple size was small, and CKDs arise 
primarily from glomerulonephritis.

In 2020, Sutikno et al compared 
the diagnostic value of renal RI and 
cortical echogenicity in 41 CKD pa-
tients. Resistive indices and degree 
of echogenicity were taken from 
both kidneys of subjects, all with a 
GFR < 90 ml/min./1.73 m2 at screen-
ing. They found renal RI to be supe-
rior to renal cortical echogenicity 
in terms of specificity for CKD.4

The literature clearly shows the 
significant correlation of morpho-
logic and hemodynamic parame-
ters of ultrasound in the diagnosis 
and management of CKD. The 
absence of studies comparing these 
parameters to the GFR challenges 
their sensitivity to CKD. It also 
raises the question of whether they 
can be reliable imaging tools in as-
sessing CKD or in determining the 
potential for disease progression. 

Methods

Study Design and Setting

This is a prospective observation-
al (cross-sectional) study correlat-
ing ultrasonographic morphologic 
and hemodynamic parameters to 
the computed eGFR of CKD patients. 
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The data collection and processing 
were conducted at West Visayas 
State University Medical Center, a 
300-bed tertiary hospital in Jaro, 
Iloilo City, Iloilo, Philippines. 

Study Period, Patient 
Selection,  Scope, and 
Limitations

Prospective reviews were con-
ducted on the charts of admitted 
CKD patients scheduled to undergo 
abdominal ultrasound examination 

at the WVSU-MC between March and 
November 2022. Patients diagnosed 
with CKD were further evaluated 
according to inclusion/exclusion 
criteria, resulting in a sample size 
of 42 subjects. The following are the 
inclusion and exclusion criteria:

Inclusion criteria

•	 CKD patients with eGFR ≤59 mL/
min/1.73 m2 (computed using the 
MDRD formula) or eGFR Grades 
3 to 5 (Table 2);

•	 Age ≥ 18 years 

Exclusion criteria

•	 Undergoing renal replace-
ment therapy (hemodialy-
sis, peritoneal dialysis) or 
post-kidney transplant)

•	 Patients with major physical 
dismemberment; and

•	 Presence of nephrolithiasis, 
hydronephrosis, renal malignan-
cies, or acute febrile illnesses. 

Scope and Limitations of the Study

This study utilized a creati-
nine-based eGFR calculation in de-
termining the severity of CKD, as it is 
a widely available and reliable assay 
recommended by the latest clinical 
practice guidelines. Although inulin 
clearance remains the gold standard 
for measuring GFR, the test is expen-
sive and not readily available.

Study Population and Procedure

Forty-two patients who under-
went whole abdominal ultrasound 
examinations at WVSUMC within the 
aforementioned timeframe were in-
cluded. No randomization was done. 
The examinations were performed 
using either the Toshiba Ultrasound 
System Xario 200 (with serial number 
99B1463412) or Sonoscape S50 (with 
serial number 0502505103). 

Renal parenchymal echogenicity 
grading and kidney length mea-
surements were obtained by the 
radiology resident-in-charge and 
double-checked by the radiology 
consultant on duty (Figure 1). 
Parenchymal echogenicity grading 
was based on comparative echo-
genicity for the spleen (Table 1), 
while a kidney length of <8 cm was 
considered decreased. Resistivity 
indices were obtained by a radiolo-
gy resident experienced in vascular 
sonography, with >0.70 considered 
an abnormally increased RI.

Patient demographic and clinical 
data were uploaded to a secure 
database for patient confidentiality 

A Comparative Study of Renal Parenchymal Resistive Index

Table 2. GFR category based on MDRD formula.
GFR CATEGORY EGFR (ML/MIN/M2) TERMS

Grade 1 ≥ 90 Normal or high

Grade 2 60-89 Mildly decreased

Grade 3a 45-59 Mildly to moderately decreased

Grade 3b 30-44 Moderately to severely decreased

Grade 4 15-29 Severely decreased

Grade 5 <15 Kidney failure

Table 3. Sociodemographics.
CHARACTERISTIC  AGE SAMPLE (N) PERCENTAGE (%)

Average age  (56.10 ± 16.5246)

Age groups

19-40 6 14.29

 41-60 18 42.86

 >60 18 42.86

Sex

Male 22 52.38

 Female 20 47.62

Marital status

Married 23 54.76

 Single 10 23.81

 Separated - -

 Widowed 9 21.43

Ethnicity

Asian 42 100

 Others - -
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and privacy. Each patient was as-
signed a code to maintain anonymi-
ty and data organization.

Resistive Index Determination
The patients were scanned using a 

curvilinear probe. Spectral Doppler 
images with clear waveform patterns 
were captured. The peak systolic 
velocity (PSV) and the end diastolic 
velocity (EDV) were measured. The 
RIs were automatically calculated by 
the machine presets using the equa-
tion (PSV-EDV)/PSV. The ntraparen-
chymal arteries in the upper, middle, 
and lower poles of both kidneys 
were sampled. The sample volume 
was set to a minimum with a narrow 
angle of insonation. The three RI 
measurements for each kidney were 
averaged. Only the highest average RI 
value from one sample was recorded. 
Reports were validated by a sonol-
ogist with adequate experience in 
vascular sonography.

Renal Length and  
Parenchymal Echogenicity

Kidney length was measured with 
a curvilinear probe in the coronal 
plane with the patient in the supine 
or lateral decubitus position. The 
maximum longitudinal section from 
both pole ends was recorded.

The renal parenchymal echotex-
ture was compared to the splenic 
parenchymal echotexture and graded 
according to the criteria in Table 1 
as in the study by Shivashankara et 
al. Representative sonograms at dif-
ferent renal parenchymal echogenic 
grades are also shown in Figure 1. 
All sonographic morphological pa-
rameters were conducted by resident 
radiology physicians and validated by 
experienced consultant radiologists. 

eGFR Calculation

Serum creatinine (in mg/dl) level 
at patient admission, age, and sex 
were used for eGFR computation 
(in ml/min/1.73 m2) using the 

A Comparative Study of Renal Parenchymal Resistive Index

Table 4. Morphologic and hemodynamic ultrasonographic features 
and eGFR category.
CHARACTERISTICS SAMPLE (N) PERCENTAGE (%)

Resistivity index (right)

normal 16 38.10

abnormal 26 61.90

Resistivity index (left)

normal 13 30.95

abnormal 29 69.05

Renal parenchymal echogenicity grade

 0 2 4.76

 I 17 40.48

II 13 30.95

III 10 23.81

eGFR category

3a 5 11.90

3b 8 19.05

4 8 19.05

5 21 50.00

eGFR                                                     19.46 + 16.4908

Mean kidney length (±SD) (cm)     9.19 + 1.3985

Table 5a. Comparison of eGFR with RI-right.
EGFR GRADE NO. OF PATIENTS MEAN RI SD CHI-SQUARE P-VALUE

3a 5 0.662 0.1096 3.667 0.2997

3b 8 0.755 0.0438   

4 8 0.794 0.1167   

5 21 0.768 0.1459   

Total 42 0.758 0.1250   

Table 5b. Comparison of eGFR with RI-left.
EGFR GRADE NO. OF PATIENTS MEAN RI SD CHI-SQUARE P-VALUE

3a 5 0.696 0.0391 3.49 0.3220

3b 8 0.789 0.0848   

4 8 0.774 0.0816   

5 21 0.817 0.2277   

Total 42 0.789 0.1712   

Supplement to Applied Radiology 21January / February 2024



LEADERS ON THE HORIZON

Modified Diet in Renal Disease 
(MDRD) formula:

(175 × (serum creatinine) 
– 1.154 × (Age) – 0.203 × 

(0.742 if female) ×  
(1.212 if African American)

Chronic kidney disease, as de-
fined by KDIGO, is the presence of 
abnormalities of kidney structure 
or function for >3 months and with  
health implications and graded ac-
cording to serum creatinine-based 
eGFR computation (Table 2), with 
<60 ml/min/m2 (Grades 3a to 5) as 
the threshold for CKD. 

Data Processing and Analysis

Data processing and analysis 
were performed using the Stata MP 
Version 17. The mean and standard 
deviation were calculated for age, 
eGFR, and kidney length. Frequen-
cies and percentages were used to 
determine other sociodemographic 
characteristics and morphological 
and hemodynamic parameters. – RIs 
and longitudinal kidney length were 
calculated for each eGFR grade. The 
eGFR was calculated for each grade 
of renal parenchymal echogenicity. 

The Kruskal-Wallis H Test was 
performed to check for association 
between groups, and Spearman’s 
rank correlation coefficient was 
used to determine the strength of 
association between variables. A 
p-value <0.05 was considered statis-
tically significant.

Results
This study compared and identi-

fied the correlation between mor-
phological parameters (sonograph-
ic grading of the renal parenchymal 
echogenicity and kidney length), 
hemodynamic parameters (renal 
RI), and eGFR of patients with CKD  
who underwent whole abdomi-
nal ultrasound.  

A total of 42 subjects were 
accounted for in this study. All of 

A Comparative Study of Renal Parenchymal Resistive Index

Table 6. Comparison of renal parenchymal echogenicity grade with 
eGFR

RPEG NO. OF 
PATIENTS

MEAN EGFR 
(ML/MIN/M2)

SD CHI-SQUARE P-VALUE

0 2 33.90 19.7990 12.326 0.0063

I 17 28.76 17.3868   

II 13 10.47 9.9457   

III 10 12.47 12.0532   

Total 42 19.46 16.4908   

Table 7a. Comparison of eGFR with kidney length
EGFR GRADE NO. OF 

PATIENTS
MEAN KIDNEY 
LENGTH (CM)

SD CHI-SQUARE P-VALUE

3a 5 9.34 1.0114 0.075 0.9947

3b 8 9.25 0.9024   

4 8 9.10 1.2694   

5 21 9.17 1.7161   

Total  9.19 1.3985   

Table 8. Correlation of eGFR with morphologic and hemodynamic 
parameters

PARAMETERS SPEARMAN COEF. P-VALUE

RI-right -0.1934 0.2196

RI-left -0.1640 0.2995

RPEG -0.4967 0.0008

kidney length 0.1704 0.2806

Table 7b. Comparison of eGFR by kidney characteristic

EGFR GRADE

KIDNEY LENGTH (CM)

ABNORMAL % NORMAL % TOTAL

3a 1 20 4 80 5

3b 1 12.5 7 87.5 8

4 2 25 6 75 8

5 4 19.05 17 80.95 21

Total 8 19.05 34 80.95 42
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them were Asians with an average 
age of 56 years (+ 16.5246). About 
52.4% were male and 47.6% were 
female. The majority were married 
(54.8%), followed by single (23.8%), 
and separated (21.43%) (Table 3). 

Resistive index results showed 
that 61.9% of patients had an 
abnormal right kidney, while 
69.1% had an abnormal left kidney. 
Patients with renal parenchymal 
echotexture (RPE) grade I com-
prised 40.5% of the population, 
followed by those with RPE grade 
II at 31.0%, RPE grade III at 23.8%, 
and RPE grade 0 at 4.8%. The 
average eGFR was 19.5 ml/min/m2 
(+ 16.4908), and most of the patients 
fell in Grade 5 (n=21; 50%), followed 
by Grade 3b, Grade 4 (n=8; 19.1%), 
and Grade 3a (n=5; 11.9%). The av-
erage kidney length measured 9.19 
cm (+ 1.3985) (Table 4).

Statistical results showed that 
patients with eGFR grade 3a had 
an average right kidney RI of 0.662 
(+ 0.1096), eGFR Grade 3b patients 
had an average right-RI of 0.755 
(+ 0.0438), Grade 4 patients, an 
average right-RI of 0.794, and Grade 
5 patients, an average of 0.768 (+ 
0.1459) (Table 5a). Meanwhile, the 
average RI of the left kidney for pa-
tients with eGFR grade 3a was 0.696 
(+ 0.0391), that for patients with 
Grade 3b had an average of 0.789 (+ 
0.0848), Grade 4, an average of 0.774 
(+ 0.0816), and Grade 5, an average 
of 0.817 (+ 0.2277) (Table 5b). 

Results of the Kruskal-Wallis 
test to compare the RIs of the 
left and right kidneys for each 
eGFR grade showed no significant 
difference between each grade 
(p-value > 0.05).

Comparing the actual eGFR 
values with the renal parenchymal 
echogenicity grade (RPEG). the 
average eGFR for RPEG 0 was 33.90 
(+ 19.790), RPEG I was 28.76 (+ 
17.3868); RPEG II, 10.47 (+ 9.9457); 
and RPEG III, 12.47 (+ 12.0532). 

Figure 2. Scatterplot of eGFR (ml/min/1.72 m2) and RI of right kidney

Figure 3. Scatterplot of eGFR (ml/min/m2) and RI of left kidney

Figure 4. Scatterplot of eGFR (ml/min/m2) and kidney length (cm)
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Using the Krustal-Wallis test, our 
study found evidence to conclude 
that a significant difference exists 
between eGFR and RPEG levels 
(see Table 6). 

The average kidney length of 
patients with eGFR grade 3a was 
9.34 (+ 1.0114); those with eGFR 
grade 3b was 9.25 (+ 0.9024); grade 
4, 9.10 (+ 1.2694); and grade 5, 
9.17 (+ 1.7161). Kruskal-Wallis test 
results showed no significant differ-
ence between the average kidney 
length for each eGFR grade (Table 
7a). Additionally, only one out of 
five patients with eGFR grades 
3a and 3b had been diagnosed 
with small kidneys. Meanwhile, 
two patients with eGFR grade 4 
and four with eGFR grade 5 were 
identified to have abnormally-sized 
kidneys Table 7b).

Table 8 shows that RI has a weak 
negative correlation with eGFR 
(right: -0.1934; left: -0.1640). This 
means that as eGFR increases, 
the kidneys’ resistivity decreases. 
Results also showed that the RPEG 
has a moderate negative correlation 
with eGFR (-0.4967). This implies 
that higher eGFR is associated 
with lower RPEG. 

Lastly, kidney lengths positively as-
sociated with eGFR (0.1704) although 
weakly correlated. This indicates that 
eGFR increases with kidney length. 
These correlations were confirmed 
by Figures 2, 3, and 4, wherein the 
plots reflect linear but almost flat 
lines. Using Spearman’s correlation 
test, only RPEG demonstrated a sig-
nificant correlation with eGFR (p-val-
ue: 0.008). The remaining parameters 
did not show evidence of statistical 
significance (p-value > 0.05). 

Discussion
Ultrasonography remains an im-

portant diagnostic imaging modality 
in the evaluation of the kidneys, 
giving clinicians an overview of renal 

status and function. Evaluation of 
renal parenchymal echogenicity, RI, 
and renal length are sonographic 
parameters used to correlate kidney 
status, especially in patients with 
CKD. Each of these parameters has 
advantages and disadvantages, as 
explored in this study.

This study comprised CKD 
patients, most with increased resis-
tivity indices; however, a poor cor-
relation was found with increasing 
eGFR grade. Although the samples 
with deranged RI belonged to CKD 
patients in stages 3b to 5, a linear 
correlation could not be established 
to properly set range RI values for 
each CKD stage. It has been shown 
that some factors may influence RI 
values despite the presence of renal 
disease; these include systemic 
vascular resistance, heart rate, and 
atherosclerosis. Systemic and non-
renal factors should be considered 
in the use of RI for evaluating renal 
disease.4 Because of the  pitfall as 
mentioned earlier, studies suggest 
that RI may be useful for predicting 
AKI, as values may increase in the 
setting of sepsis, hepatorenal syn-
drome and obstructive uropathy. 
The utility of RI has been correlated 
with patient age and histological 
changes such as sclerosis and 
tubulointerstitial damage in kidney 
tissue samples. Studies have also 
shown that in CKD patients with RI 
values >0.70, there is poorer renal 
survival compared to patients with 
RI of <0.65 upon follow-up.6 

Kidney length showed the least 
statistically significant correlation 
with eGFR, although most of the pa-
tients with decreased kidney length 
fell into CKD categories 4 and 5. This 
implies that changes in renal dimen-
sions may not be sonographically 
apparent, even though worsening 
renal function and kidney atrophy 
are more common at the severe 
end of the CKD spectrum. This also 
highlights the relative differences 

in kidney size based on gender, age, 
weight, and height.4 Obtaining renal 
volume and cortical thickness may 
be more meaningful in assessing 
renal status compared to renal 
length alone. Renal size assessment 
through ultrasonography has been 
shown to be of value for residual 
renal function evaluation in patients 
who are already undergoing renal 
replacement therapy.9

Findings suggest that renal corti-
cal echogenicity correlates well with 
eGFR in CKD compared to RI and 
renal length,. Local and widespread 
renal cortical changes in the setting 
of interstitial and cicatricial condi-
tions, respectively, produces conse-
quent linear cortical echogenicity 
changes. This may be attributed to 
findings that support significant 
histologic correlation (glomerular 
sclerosis, tubular atrophy, interstitial 
inflammation, and fibrosis) with 
echogenicity of the renal cortex. 

Flow changes, cell infiltration 
and deposition of substances such 
as fat, connective tissue and calci-
um contribute to increased cortical 
echogenicity of the kidneys.3 The 
renal echogenicity grading also 
correlated well with the use of cre-
atinine levels in patients with CKD 
in comparison to other sonographic 
parameters in one study. 

Furthermore, changes in renal 
echogenicity are irreversible 
compared to serum creatinine 
levels, which can be corrected with 
renal replacement therapy. As a 
tool for determining renal status in 
CKD patients, sonographic grading 
of the renal cortex relative to the 
liver or splenic parenchyma can be 
performed easily, with a high repro-
ducibility rate.17

Conclusion
Parenchymal echogenicity grading 

can be a useful sonographic param-
eter, among others, in determining 
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the renal status of patients with CKD, 
correlating well with declining levels 
of eGFR. This may be due to renal pa-
renchymal echogenicity being more 
representative of changes occurring 
at the tissue level. In addition, non-
renal factors may affect renal length 
and RI values; thus, they may not 
correlate well with the current renal 
status of CKD patients.

For further study, the authors 
suggest that more than one evalu-
ator be used for RI determination. 
Increasing sample size and study 
duration may also be needed. A 
more meaningful, albeit tedious, 
measurement may be performed 
through the acquisition of renal 
volume rather than length alone.
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