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Introduction

Chronic Kidney Disease is a major health problem
and one of most common causes of renal failure.1,2

Its incidence and prevalence is increasing day by
day, perhaps as a consequence of diabetes mellitus,
hypertension and obesity.2,10 CKD  generally remains
asymptomatic until stage 4, so most patients are
identified because of routine blood/urine tests or
ultrasound.10

It involves progressive loss of function and structure
of kidneys over many years. Renal dysfunction can
be diagnosed by pathological abnormalities, changes
in renal function markers e.g urea/ creatinine or by
renal ultrasound. On ultrasound small shrunken kid-
neys with thin echogenic cortex or parenchyma indica-
tes chronic kidney disease with irreversible damage.1

Serum creatinine level is an endogenous serum
marker made by breakdown of body muscle protein.1,2

Creatinine can also be measured in urine and saliva
as alternative noninvasive methods.1,11 A rise in
serum creatinine concentration of at least 0.3mg/dl
indicates acute kidney damage.5 It is most commonly
used method to determine renal function in clinical
practice.3 However isolated serum creatinine is unable
to diagnose renal parenchymal disease, as serum
creatinine is affected by certain factors e.g. age, race,
gender, diet, muscle mass.2,3 Serum creatinine can
estimate change in GFR but not the absolute GFR,
so may lead to misdiagnosis of CKD.7,10

Ultrasound is an ideal modality to determine renal
parenchymal disease because of its noninvasiveness,

OBJECTIVE: To determine the mean values of serum creatinine based on echogenicity of kidneys on renal
ultrasound. MATERIALS AND METHODS: A total of 120 selected patients of nephrology fulfilling the inclusion
criteria were selected and referred to radiology department for ultrasound abdomen or KUB.  All renal ultrasounds
were done by real time gray scale ultrasound. Ultrasound of the liver/spleen was performed simultaneously in
comparison with kidneys in order to determine grades of renal parenchymal disease. Liver and spleen echogenicity
must be normal for valid comparison. In vitro estimation of serum creatinine was done. Information of each patient
was collected through a predesigned proforma (attached herewith). The results were analyzed by SPSS software
by descriptive and inferential statistics. DESIGN: Descriptive cross sectional. RESULTS: The average age of
the patients was 33.3 – 12.57 years. The mean serum creatinine was 2.82 – 1.69 mg/dl for Grade 1, 3.87 – 2.08
mg/dl for Grade 2, 3.95 – 1.58 mg/dl for Grade 3, and 7.52 mg/dl for Grade 4. Mean serum creatinine was
significant among grade. CONCLUSION: It is concluded that renal echogenicity is a better parameter than serum
creatinine for estimating renal function in CKD and has the added advantage of irreversibility.
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Table 1: Age statistics of the patients
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Figure 1: Age distribution of the patients n=120
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easy availability, reliability, affordability and visuali-
zation of kidneys.1,5 Renal ultrasound is still most
appropriate method for imaging renal failure and
should be combined with other labs to assess the
progression of CKD.1,4 Renal echogenicity and its
grading correlates better with serum creatinine than
other sonographic parameters.1 Echogenicity refers
how bright or dark something appears in the grey
scale imaging. Kidney appears isoechoic (equal in
brightness ) or hypoechoic (darker) when compared
with normal liver or normal spleen.6 CKD is typically
associated with increased echogenicity.1,6 Although
renal disorders may present without changes in
echogenicity, but if increased parenchymal echo-
genicity is noted it is usually abnormal.6,8 Increased
echogenicity was reported to have 96% specificity
and 67% PPV (positive predictive value) for the
presence of parenchymal kidney disease.6

The purpose of our study is to demonstrate the
adjuvant role of ultrasound in making diagnostic and
prognostic decisions regarding CKD. The findings if
correctly interpreted are accurate enough to be used
as indirect measure of lab values of serum creatinine.
This study hence can help us in early detection of
renal parenchymal disease by ultrasound so that
patients are not neglected or remain undiagnosed.
This study is new in our region and will add to the
already existing literature.

Material and Methods

All indoor and outdoor patients of nephrology / medi-
cine fulfilling the inclusion criteria (Patients (of all 4
grades) above the age of 12 yrs were included regard-
less of gender with CKD >= 6 months duration having
GFR<90 ml/n)were taken from KRL Hospital for
ultrasound abdomen or KUB. Before each examination
the procedure was explained to the patient and
informed consent was taken by them. Study was
conducted after approval from hospital ethical com-
mittee. Ultrasonography was conducted by researcher
herself.
All renal ultrasounds were done by real time gray
scale ultrasound performed by a consultant radiologist
having at least three years of experience (Volusion
GE PRO V 730), using 3.5 MHz curvilinear probe in
supine and decubitus position with deep inspiration.

Ultrasound of the liver/spleen was performed simul-
taneously in comparison with kidneys to determine
grades of renal parenchymal disease. The result was
correlated by serum creatinine. Information of each
patient was collected through a predesigned proforma.
The collected data was analyzed by SPSS version
17. Results were calculated by descriptive and infe-
rential statistics.

Results

A total of (n=120) selected patients of nephrology
and medicine fulfilling the inclusion criteria were
selected for ultrasound abdomen or KUB. Age distri-
bution of the patients is presented in (Fig.1) while
age statistics in (Tab.1).



CI: Confidence Interval; SD: Standard Deviation, Min: Minimum,
Max: Maximum, ANOVA test applied
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Table 2: Mean values of serum creatinine based on echogenicity
of kidneys on renal ultrasound

CI: Confidence Interval; SD: Standard Deviation, Min: Minimum,
Max: Maximum ANOVA test applied after stratified of age groups
(�40 years)
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Table 3: Mean values of serum creatinine based on echogenicity
of kidneys on renal ultrasound for the patients of age below and

equal to 40 years

CI= Confidence Interval; SD= Standard Deviation ANOVA test
applied after stratified of age groups (>40 years)
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Table 4: Mean values of serum creatinine based on echogenicity
of kidneys on renal ultrasound for the patients of age above 40

years
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Discussion

Creatinine is a waste product of metabolism that is
primarily excreted by kidneys. Virtually all the creatinine
that is filtered at the glomerulus is excreted without
reabsorption in the tubules and so its level in the
blood is used as an index to renal function.12 The
normal range of serum creatinine is 0.6 - 1.5 mg/dL
and salivary creatinine is 0.05 - 0.2 mg/dL.12

Ultrasonography is the first, and in most cases the
only imaging investigation required in the workup of
chronic renal failure. Observation of a small kidney
with a thin, echogenic cortex or parenchyma indicates
irreversible damage.13,14 The best screening modality
to evaluate renal insufficiency in patients is sonogra-
phy.15 As ultrasonographic findings like echogenicity,
longitudinal length, parenchymal, and cortical thick-
ness represent irreversible changes, ultrasonography
is a better imaging modality when it comes to ascer-
taining the progression of the disease.13,14 Small size
and increased parenchymal echogenicity are directly
correlated with progression of disease.15

Similar result was also observed in a randomized
controlled trial published in Journal of Clinical Imaging
Science in 2013. In this study out of 60 selected
patients 48.3% had Grade 1 CKD, 35% had Grade
2 CKD, 11.7% had Grade 3 CKD, 5% had Grade 4
CKD. The mean serum creatinine was 2.80 mg/dl for
Grade 1 (range: 0.9-9.2 mg/dl), 3.69 mg/dl for Grade
2 (range: 1.2-10.3 mg/dl), 3.86 mg/dl for Grade 3
(range: 1.1-6.5 mg/dl), and 7.90 mg/dl for Grade 4
(range: 3.1-11.4 mg/dl).1

Our study showed statistically significant positive cor-
relations between serum creatinine and renal echo-
genicity grading (0.0005) from Grade 1 to Grade 4
CKD. A study by Moghazi et al., showed that renal
echogenicity has the strongest correlation with
histologic parameters (glomerular sclerosis, tubular
atrophy, interstitial fibrosis, and interstitial inflam-
mation).16 Research by P iv nsalo et al., showed
that a highly echogenic cortex was the most common
abnormality; this was slightly more frequent in
tubulointerstitial disease (75%) than in glomerular
disease (61%).17 In a previous study, Hricak et al.,
showed a statistically significant positive correlation
between cortical echogenicity and the severity of
glomerular sclerosis, focal tubular atrophy, the number

Overall mean serum creatinine was 4.54 – 2.68 mg/dl
while the mean serum creatinine was 2.82 – 1.69
mg/dl for Grade 1, 3.87 – 2.08 mg/dl for Grade 2,
3.95 – 1.58 mg/dl for Grade 3, and 7.52 mg/dl for
Grade 4. Mean serum creatinine was significant
among grade as shown in (Tab.2).
Stratification analysis according to age groups (= 40
years and >40 years) were performed to estimated
mean serum creatinine as presented in (Tab.3&4)
respectively.
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of hyaline casts per glomerulus, and focal leukocytic
infiltration.18

Creatinine is a large molecule, with high molecular
weight (MW 113Da and molecular radius of 3.2 A)
maintained at constant plasma levels by kidneys.
They also exhibit low lipid solubility. Thus, in a healthy
state under normal conditions owing to its physical
properties it is unable to diffuse easily across the
cells and the tight intercellular junction of the salivary
gland.19,20 But in the diseased state possibly there is
an alteration in the permeability of the salivary gland
cells.21 Also the increased serum creatinine levels in
CKD patients create a concentration gradient that
facilitates increased diffusion of creatinine from serum
in to saliva.22,23 The normal range of serum creatinine
is 0.6 1.5 mg/dL and salivary creatinine is 0.05 0.2
mg/dL.24

Few studies have shown a positive corelation between
the serum and salivary creatinine concentration hence
it can also be used as an adjunct in the progression
of renal parenchymal disease. Some other studies
have established a very strong correlation between
the estimated e GFR as a predictor of renal function
with the sonographic characteristics especially the
size echogenicity and the corticomedullary differen-
tiation, and furthermore it can also serve as a toolfor
follow up.25,26 These sonographic parameters serve
as an important parameter in preemptive predictor
for renal insufficiency.27

More over ultrasound is freely available, completely
non invasive and economical hence it can be used
as a very good alternate method for renal status
accessment especially in those patient who are high
risk.28,29

Conclusion

We conclude from our study that renal echogenicity
and its grading correlates better with serum creatinine
in CKD. Renal echogenicity is a better parameter
than serum creatinine for estimating renal function
in CKD and has the added advantage of irreversibility.
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