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ABSTRACT

Objective: To determine the correlation of renal ultrasonographic parameters with serum creatinine levels in patients with

chronic kidney disease.

Study Design: Cross-sectional study.

Place and Duration of Study: Armed Forces Institute of Radiology and Imaging, Rawalpindi Pakistan, from Sep 2020 to April

2021.

Methodology: One hundred thirteen patients with chronic kidney disease (Stages 1 to 4) were enrolled in a cross-sectional

study. Detailed history and examination were carried out. Serum creatinine levels were carried out, and findings were noted.

All patients underwent renal ultrasonography evaluation, kidney parameters were assessed, findings were noted, and

statistical analysis was performed.

Results: The mean age of the patients was 42.96+12.71 years, the duration of Chronic kidney disease was 30.38+14.59 months,

the length of the kidneys was 7.15£1.84 cm, the volume of the kidneys was 59.4+12.7 ml, the thickness of the renal cortex was

3.7841.41 cm, thickness of renal parenchyma was 8.33+1.71 mm and serum creatinine levels were 5.36+2.63. Renal ultrasound

parameters negatively correlated {for length of kidneys r=-0.187 (p=0.047), for volume r=-0.133 (p=0.161), for cortical thickness
=-0.285 (p=0.002) and parenchymal thickness r=-0.083 (0.382)} with serum creatinine level and only cortical thickness and

length of kidneys had significant correlation with it.

Conclusion: Ultrasound assessment is an easy and reliable tool. Measurement of cortical thickness and length of kidneys must

be routinely incorporated in the ultrasonographical assessment of patients with Chronic kidney disease.
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INTRODUCTION

Chronic kidney disease (CKD) is a global health
issue with increasing trends in terms of incidence and
prevalence.! Studies have shown that globally, its
prevalence ranges from 8% to 16%, and in Pakistan,
12.6% of the general population suffers from it.2 It is
associated with significant morbidity and high
mortality. As the burden of disease is expected to rise,
so will the cost of managing it, leading to increased
economic burden and utilization of economic

Traditionally, it has been seen that the length of
kidneys measured by ultrasound is the best parameter
for estimating and monitoring renal function in
patients with CKD, and it is the most commonly
reported parameter.® Recently, few studies have
questioned its reliability and have proposed that
certain other parameters, such as the volume of
kidneys, cortical thickness and the thickness of renal
parenchyma, are better predictors of the function of
kidneys in patients with chronic kidney disease.”

resources.?

One of the best screening tools for patients with
renal insufficiency is ultrasonography. It also helps
monitor disease progression.* Therefore, almost every
individual with CKD undergoes ultrasonographical
evaluation at least once during management.’
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Another common marker of renal function is the
level of serum creatinine. It is mainly used to estimate
glomerular filtration rate, based on which CKD stage
is established.8 Many international studies have
determined the correlation between serum creatinine
levels and renal parameters on ultrasound.®10
However, local data is scarce. Therefore, the current
study aims to determine the correlation of renal
ultrasonographical parameters with serum creatinine
levels in patients with chronic kidney disease. This
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study will guide the parameter which correlates well
with the functioning of kidneys, thus can be used for
further assessment and progress of the disease in
patients with chronic kidney disease and can help
formulate a management plan in such patients, thus
decreasing overall morbidity and mortality in
individuals with CKD.

METHODOLOGY

The cross-sectional study was conducted at the
Armed Forces Institute of Radiology and Imaging,
Rawalpindi, Pakistan from September 2020 to April
2021, after obtaining approval from the Ethical Review
Committee (IERB approval certificate no 0045). The
sample size was calculated, keeping the expected
percentage of CKD patients as 8%.2 The non-
probability consecutive sampling technique was used.

Inclusion Criteria: Patients of either gender aged 18 to
65 years, with a diagnosis of Chronic kidney disease as
established according to the guidelines of the National
Kidney Foundation, were included.

Exclusion Criteria: Patients with single kidney; BMI >
40 kg/m?2, i.e. morbid obesity; cirrhosis of the liver;
acute renal injury; patients with hydronephrosis;
polycystic  kidney disease; patients on renal
replacement therapy such as hemodialysis, peritoneal
dialysis or renal transplant, were excluded.

Ultrasound parameters that were assessed
included; the length of the kidneys, i.e. the maximum
distance between the two poles in the sagittal plane,
the volume of the kidneys, cortical thickness of the
kidneys, i.e. shortest distance measured from the
pyramid base in the medulla to the capsule of the
kidney, i.e measured at the mid-kidney level over a
pyramid of renal medulla that was perpendicular to
the longitudinal axis of kidneys, thickness of the renal
parenchyma i.e. measured from the sinus fat of the
echogenic kidneys to the capsule of the kidneys.

One hundred thirteen patients were enrolled in
the study after obtaining written informed consent
from all patients. Demographical details, clinical
history, and physical examination were carried out on
all patients, and findings were noted on a predesigned
proforma.Baseline investigations such as CBC, serum
electrolytes, and serum creatinine levels were carried
out, and findings were noted down. All patients then
underwent renal ultrasonographical evaluation.
Parameters such as renal length, volume of kidneys,
cortical thickness, and parenchymal thickness were
assessed bilaterally, and a mean of these values was

noted on a proforma. All findings were then subjected
to statistical analysis.

Data was analyzed using Statistical Package for
the Social Sciences (SPSS) version 25.0. Quantitative
data was presented as mean and standard deviation.
Qualitative data was presented as frequency and
percentages. ANOVA test was applied to compare
means of renal parameters as assessed on ultrasound
and serum creatinine levels. The Pearson correlation
test was applied to see the correlation between serum
creatinine levels and ultrasound renal parameters; the
p-value of <0.05 was considered significant.

RESULTS

One hundred thirteen patients were included in the
study. The results showed that the mean age was
42961271 years, mean duration of CKD was
30.38+14.59 months, mean length of kidneys was
7.15%1.84 cm, mean volume (in ml) of kidneys was
59.4+12.7, the thickness of renal cortex (in cm) was
3.78+1.41, thickness of renal parenchyma (in mm) was
8.33+1.71 and serum creatinine levels of the patients
were 5.36%2.63 (Table-I).

Table-I: Mean Value of Renal Parameters (n=113)

Parameters MeantStandard Deviation
Length (in cm) of kidneys 7.15+1.84

Volume (in ml) of kidneys 59.4+12.7
Thickness (in cm) of renal 37841 41

cortex

Thickness (in mm) of renal 8.33+1 71
parenchyma

There were 67(59.3%) males and 46(40.7%)
females, 24(21.2%) had stage I chronic kidney disease,
32(28.3%) had stage 1I, 30(26.5%) had stage III and
27(24%) had stage IV chronic kidney disease (Table-II).
It was found that there was a negative correlation
between all parameters and serum creatinine.
However, a statistically significant correlation was
only present between serum creatinine levels and
length of kidneys and cortical thickness of kidneys, as
shown in Table-IIL

The mean values of ultrasonographic parameters
and serum creatinine levels in different age groups
and different states according to the duration of
chronic kidney disease are mentioned in Table-IV.
Table-V shows the post-hoc analysis.

DISCUSSION
The current study assessed the correlation of

ultrasonographical parameters of the kidney with
serum creatinine levels. The results showed that all
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Table-II: Frequency Distribution of Qualitative Variables
(n=113)

Variables | n(%)
Stage of CKD
Stage 1 24 (21.2%)
Stage 2 32 (28.3%)
Stage 3 30 (26.5%)
Stage 4 27 (24%)
Gender
Male 67(59.3%)
Female 46(40.7%)
Duration of Illness
Short duration (3 to 12 months) 62(54.9%)
Long duration (13 to 36 months) 30(26.5%)
Extremely long duration (>36 months) 21(18.6%)
Age Groups
Young age (18 to 30 years) 25(22.1%)
Early middle age (31 to 45 years) 35(31%)
Late middle age (46 to 60 years) 48(42.5%)
Old age (61 to 65 years) 5(4.4%)

A decline in the thickness of renal parenchyma
may occur before an increase in creatinine levels is
seen in the serum in patients with early kidney
dysfunction.’® Our study found that renal
parenchymal thickness was negatively correlated with
serum creatinine levels, i.e. an increased serum
creatinine level was associated with a decreased
parenchyma  thickness, thus denoting renal
dysfunction. However, this association was not found
to be significant. In a previous study this association
was weakly significant, i.e. r=0.216, p value=0.001.16
Both Siddapa et al.'7 and Jovanovic et al.'® reported a
similar correlation.

Previous studies revealed that the length of
kidneys was not a good indicator of kidney functions
because few patients who underwent renal biopsy
based on the findings of the length of kidneys revealed
poor prognosis following biopsy.'20 In the current

Table-III: Correlation of Renal Ultrasonographic Parameters with Serum Creatinine Levels (n=113)
Length of Volume of Cortical Thickness | Parenchymal Thickness of
Kidneys Kidneys of Kidneys Kidney
Serum Pearson Correlation -0.187 -0.133 -0.285 -0.083
Creatinine
Levels p-value 0.047* 0.161 0.002* 0.382

these factors were negatively correlated with
serum creatinine levels, ie. increased serum
creatinine levels; there was a decline in the renal
parameters as assessed on ultrasound, thus indicating
a deterioration in kidney function. However, a
significant correlation with serum creatinine was only
found in two parameters, i.e. length of kidneys (1= -
0.187, p=0.047) and cortical thickness of kidneys (r= -
0.285, p=0.002).

In individuals who have CKD, the cortex of
kidneys often becomes echogenic and thin.!' This
happens because the fat in the central sinus increases.
Hence, the assessment of the thickness of the renal
cortex on ultrasound has been referred to as a tool for
assessing renal health.’213 Our study reported similar
findings regarding the thickness of the renal cortex
being the best indicator of kidney functions in patients
with CKD as it significantly correlated with serum
creatinine levels. It also significantly correlated with
age, gender, CKD duration and CKD stage. In one
study, similar findings were reported, i.e. a p-value <
0.001.14 Another study reported a similar relationship
between renal cortical thickness and low eGFR in 25
CKD individuals (R=0.66, p<0.05).15

study, however, a significant correlation was found
between the length of the kidneys as measured on
ultrasound and renal function assessed by serum
creatinine levels. Mazzotto et al. revealed findings
similar to those of our study, which showed a
significant correlation between the length of kidneys
and serum creatinine levels; as the length of kidneys
decreased, the creatinine clearance decreased.?!

Another important parameter assessed was
kidney volume. Our study revealed that increased
serum creatinine levels decreased kidney volume, thus
indicating decreased renal function. However, this
correlation was not found to be statistically significant.

LIMITATION OF STUDY

Our study had certain limitations. First,
administering the International prostate symptoms score
questionnaire to persons who still need a high school
diploma necessitated interpretation and/or
administration by the researchers, perhaps resulting in
some bias in the final IPSS score. Second, patients on
renal replacement therapy were not assessed; thus, the
correlation cannot be applied to such patients.

Pak Armed Forces Med J 2024; 74(2):341



Serum Creatinine Level In Patients Of Chronic Kidney Disease342

Table-IV: ANOVA Test Showing Mean Of Ultrasound Parameters and Serum Creatinine Levels According to Age Groups and

Duration of Chronic Kidney Disease (n=113)

Length Of Kidneys| Volume Of Kidneys Sopical Thlckness Parep el Ser}ln.l
Groups n MeanSD MeanSD Of Kidneys Thickness Creatinine
- B MeantSD MeantSD MeantSD
Age Groups
Young Age 25 7.9£2.01 62.5+13.6 3.7+1.46 8.24+1.59 5.9+2.97
Early Middle Age 35 6.3+1.51 58.8+13.7 3.96+1.43 8.7+1.61 5.742.98
Late Middle Age 48 7.3+1.85 58.4+11.9 3.81+1.4 8.1+1.87 4.742
Old Age 5 7.7+1.44 57.4+9.6 2.6+0.69 8+1.58 6.5£3
p-value - 0.008 0.581 0.240 0.515 0.130
Duration of Chronic Kidney Disease
Short duration 62 7.2+1.85 58.2+11.5 3.76+1.54 8.45+1.68 5.02+2.49
Long duration 30 6.8+1.93 56.8+13.2 3.96+1.32 8.13+1.66 5.96+2.75
ﬁﬁﬁﬁy long 21 7.541.67 66.5+13.4 3.6£1.15 8.23+1.92 5.52.63
p Value - 0.356 0.014 0.659 0.685 0.273
Table-V: Inter-Group Comparison Table (Post-Hoc Analysis) (n=113)
Cortical Parenchymal
Le'ngth of Vo.l ume of thickness of the | thickness of the S?r%lm :
Kidneys kidneys a . creatinine (in
Groups (o (in m]) k}dneys k'ldneys mgydl)
p value p value (in cm) (in mm) p value
p value p value
Young age (18-30 years) vs early middle 0.007 0.678 0.755 0.755 0.982
age (31-45 years)
Young age (18-30 years) vs late middle age 0553 0.568 0.99% 0.99% 0.226
(46-60 years)
;{;’aurz)g age (18-30 years) vs old age (61-65 0.998 0.846 0.992 0.992 0.971
Early middle age (31-45 years) vs late
middle age (46-60 years) 0.076 0.999 0.494 0.494 0.333
early middle age (31-45 years) vs old age 0371 0.99% 0.838 0.838 0.913
(61-65 years)
Late middle age (46-60 years) vs old age 0.960 0.998 0.998 0.998 0.460
(61-65 years)
Short duration (3 to 12 months) vs long
duration (13 to 36 months) 0.578 0.868 0.685 0.685 0.250
Short duration (3 to 12 months) vs
extremely long duration (> 37 months) 0.758 0.024 0876 0876 0.753
Long duration (13 to 36 months) vs
extremely long duration (> 37 months) 0.338 0.019 0975 0975 0814

CONCLUSION

The current study concludes that ultrasonographic
assessment of the kidney is an easy, reliable and non-
invasive method. Renal ultrasound parameters show a
correlation with serum creatinine levels. However, only

renal cortical thickness and length of kidneys, as measured
by ultrasound, were significant indicators of kidney
function. They can be used in the future for early assessment
of renal dysfunction by making their measurement part of
the routine ultrasonographical assessment of kidneys.
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