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SONOGRAPHIC ASSOCIATION OF RENAL PARENCHYMAL DISEASE 
GRADING WITH AGE AND KIDNEY DIMENSIONS: A CROSS SECTIONAL 
STUDY

ABSTRACT

BACKGROUND: Chronic Kidney Disease (CKD) presents a notable worldwide health concern. This study focuses on the sonographic 
assessment of renal parenchymal disorders using gray-scale ultrasonography, aiming to categorize illnesses based on echogenicity, 
renal size, and cor�cal thickness.

OBJECTIVE: This study focuses on the sonographic assessment of renal parenchymal disorders using gray-scale ultrasonography, 
aiming to categorize illnesses based on echogenicity, renal size, and cor�cal thickness to enhance clarity.

METHODOLOGY:  : During the period from July to December 2023, a cross-sec�onal study took place at the Radiology Department of 
the Ins�tute of Kidney Diseases in Peshawar. Data from 293 pa�ents were analyzed, applying descrip�ve sta�s�cs, cross-tabula�ons, 
and correla�onal analyses to explore rela�onships between age, kidney dimensions, and CKD grading.

RESULTS: The study revealed a mean age of 46.56 years, with the highest CKD frequency in the age group of 41 to 60 years. 
Echogenicity grading demonstrated 12.97% mild, 25.26% moderate, 60.07% moderately severe, and 1.71% severe CKD cases. 
Significant correla�ons were observed between age and kidney dimensions, emphasizing the need for proac�ve screening.

CONCLUSION: Ultrasound proved effec�ve in detec�ng renal abnormali�es, highligh�ng increased echogenicity, reduced cor�cal 
parenchymal thickness, and diminished renal size, especially prevalent in elderly pa�ents. The study underscores the urgency for 
enhanced healthcare awareness, par�cularly in resource-limited rural areas, advoca�ng for proac�ve screening and early 
interven�on strategies to address renal health challenges.
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Chronic Kidney Disease (CKD) ranks as the twel�h leading cause 
of mortality and the seventeenth leading cause of disability 
globally. It is a major global public health concern, both in terms of 
the number of individuals affected and the huge medical 

expenses involved (1, 2). Kidney ultrasonography has become the 
most common study in radiology departments. Ultrasonography 
serves as a noninvasive and cost-effec�ve research method, 
offering sufficient anatomical informa�on for the iden�fica�on of 
renal disorders. Importantly, this diagnos�c approach avoids 
subjec�ng pa�ents to radia�on or contrast, and it has therefore 

largely supplanted tradi�onal ultrasonography worldwide (3-5). 
Renal parenchymal diseases are the most prevalent causes of 
acute and chronic renal diseases, and if not managed and treated 
effec�vely, they can progress to end stage renal disease. If these 
situa�ons develop, they are exceedingly expensive to treat and 
may be deadly if neglected. The goal of this study is to use 

ultrasonography to examine the renal altera�ons associated with 
renal parenchymal disorders. Sonography can determine renal 

length, thickness, and echogenicity (Figure 1-5) (6). These details 
aid in determining the extent of renal parenchymal injury and its 

reversibility (7), as well as the decision to undertake a renal biopsy 

(8). An aberrant sonographic finding was found in 67% of CKD 

cases, according to one inves�ga�on (9).
Renal parenchymal disease refers to a group of disorders affec�ng 
the renal cortex and medulla. The onset of these issues can stem 
from congenital, gene�c, or acquired factors, and they may result 
from bacterial and viral infec�ons, kidney stones, hypertension, 

diabetes, autoimmune disorders, and specific medica�ons (10). 
All of these factors contribute to the early iden�fica�on and 
predic�on of abnormali�es, which is essen�al for making an 
appropriate treatment choice. The aim of this study is to use gray-
scale ultrasonography to examine sonographic features in renal 
parenchymal disorders in order to categorize illnesses.
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Figure 1 The abdominal ultrasound (longitudinal 
sec�on) displays the right kidney with normal renal 
cor�cal echogenicity, graded as Grade 0. This indicates 
echogenicity less than that of the liver (marked with a 
star), while maintaining preserved cor�comedullary 
defini�on (indicated by an arrow).

Figure 2 Abdominal sec�on ultrasound reveals Grade 1 
renal cor�cal echogenicity, meaning the right kidney's 
cor�co-medullary defini�on (arrow) is preserved, and 
the kidney's echogenicity is the same as that of the liver 
(star).

Figure 3 The longitudinal segment of the abdominal 
ultrasound reveals Grade 2 renal cor�cal echogenicity, 
meaning the le� kidney's cor�co-medullary defini�on 
(arrow) is preserved whereas the liver's echogenicity is 
less.

Figure 4 In the longitudinal sec�on of the abdominal 
ultrasound, the right kidney is observed to have renal 
cor�cal echogenicity graded as Grade 3. This signifies 
that the cor�comedullary defini�on (indicated by an 
arrow) of the kidney is poorly maintained, and the 
kidney appears more echogenic than the liver (marked 
with a star).

Figure 5 The longitudinal segment of the abdominal 
ultrasound reveals Grade 4 renal cor�cal echogenicity, 
which is characterized by more echogenicity than the liver 
(star) and a lack of cor�co-medullary delinea�on (arrow) 
in the le� kidney.
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A cross-sec�onal study was conducted at the Radiology 
Department of the Ins�tute of Kidney Diseases (IKD) in Peshawar, 
Pakistan, spanning from June to December 2023. Ethical approval 
for the study was obtained, with the reference number IKD-
2023/RAD/24, issued on June 13, 2023. The sample size was 
calculated by OpenEpi Version 3, determined based on a 
prevalence of P. Morbidity at 21.2% (11) with a 5% precision level, 
was calculated to be 254 using a Convenience sampling 
technique.

The sample selec�on for this study comprised individuals of all 
genders, with a specific focus on those mee�ng certain criteria. 
During the ultrasound examina�on, all measurements were 
conducted according to a standardized imaging protocol by the 
same radiologist, who possesses over a decade of experience in 
vascular ultrasound. The radiologist was blinded to the pa�ents' 
iden��es.

Prior to commencing the procedure, pa�ents were instructed to 
consume three or four glasses of water to facilitate bladder 
inclusion in the ultrasound scan report. Pa�ents were posi�oned 
in the supine posture, with the right upper abdomen generously 
coated with a coupling agent to ensure a clear connec�on and 
prevent ar�facts. A 3.5 MHz transducer was u�lized for adults, 
while a 5.0 MHz transducer was employed for children and thin 
adults.

The procedure commenced by placing the transducer over the 
right upper abdomen. The beam angle was adjusted as necessary, 
and the gain was fine-tuned to achieve op�mal imaging of the 
renal parenchyma. The right kidney was best visualized with the 

pa�ent in the supine posi�on, u�lizing the liver as an acous�c 
window.

Scanning was consistently conducted during deep suspended 
inspira�on, with pa�ents instructed to take a deep breath and 
hold it. The examina�on began with a longitudinal scan over the 
right upper abdomen, followed by a transverse scan. 
Subsequently, the pa�ent was rotated to the le� lateral decubitus 
posi�on to obtain a coronal view of the right kidney, all kidney 
dimensions were measures in cen�meter (cm). Figure 6 provides 
an illustra�on depic�ng the normal dimensions of the kidney. 
Chronic kidney disease (CKD) is divided into four classes based on 
cor�cal echogenicity (Table 1): Grade 1 for mild form, Grade 2 for 
moderate form, Grade 3 for severe form, and Grade 4 for end-
stage renal disease (12, 13).

Descrip�ve sta�s�cs were applied on con�nuous variables such 
as age and kidney dimensions. Cross tabula�ons were used 
between age groups, gender and ultrasound grading 
echogenicity. A correla�onal analysis was planned to explore the 
associa�ons between age, and kidney dimensions.  Furthermore, 
an analysis of variance (ANOVA) and post hoc analysis were used 
to determine the sta�s�cal significance of the correla�ons 
between these factors. A priori, the P value was fixed at 0.05. Data 
analy�cs were performed using IBM SPSS Sta�s�cs version 27 
so�ware. 

METHODOLOGY:

Figure 6: Kidney normal dimensions
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In our study, we examined data from 293 pa�ents, comprising 146 males and 147 females, with a mean age of 46.56±18.896 years. 
The age range varied from a minimum of 7 years to a maximum of 95 years. A radiologist recorded the dimensions of both kidneys (see 
Table 2-3). Based on ultrasound scans, pa�ents were categorized into different grades: 4 in grade 1, 113 in grade 2, 102 in grade 3, and 
74 in grade 4. (Table 4).

RESULTS
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DISCUSSION

In our inves�ga�on, we found that the par�cipants had a mean 
age of 46.56 years, ranging from 1 to 80 years. This wide age range 
suggests suscep�bility to Chronic Kidney Disease (CKD) across all 
age groups. Notably, the age group of 41 to 60 years showed the 
highest frequency, comprising 60.07% of the cases, while the age 
group of 61 to 80 years had the least frequent cases, accoun�ng 
for only 1.71%. This finding aligns with a study by Khadka et al. 
2019 (14), In their study, where a mean age of 46.39 years (range 
20 - 86 years) was observed, it further supports the 
understanding that Chronic Kidney Disease (CKD) affects 
individuals across diverse age ranges. They found that the highest 
frequency of CKD cases occurred in the age group of 31 to 40 years 
(25%), followed by the age group of 41 to 50 years (20.5%), with 
the least frequent cases observed in those over 80 years (3%). 
Furthermore, Singh et al. 2016 (15) study reported a mean age of 
54.32 years (range 19 - 85 years). Their findings indicated a 
prevalence of CKD across various age groups, with the age range 
of 51 to 60 years cons�tu�ng the most frequent cases at 33%, 
followed by the age group of 41 to 50 years at 31%. Conversely, 
the least frequent cases were observed in the age group 
exceeding 80 years, comprising only 1% of the study popula�on. 
These consistent observa�ons across mul�ple studies underscore 
the importance of recognizing CKD as a health concern affec�ng 
individuals of varying age brackets.

In our research, we found that among 38 pa�ents, 12.97% had 
mild kidney disease (Grade 1), 25.26% had moderate kidney 
disease (Grade 2), 60.07% had moderately severe kidney disease 
(Grade 3), and 1.71% had severe kidney disease (Grade 4) 
according to sonological grading (see Table 4). It's important to 

note that our study focused on individuals who specifically visited 
the hospital for chronic kidney issues, as the hospital specializes 
in kidney diseases. Comparing our findings with a study 
conducted by Khadka et al. in 2019 (14), they observed 32.2% with 
Grade 1 CKD, 31.5% with Grade 2 CKD, 20% with Grade 3 CKD, and 
16% with Grade 4 CKD. Addi�onally, Singh A et al.'s study aligned 
with these results, repor�ng 35% with Grade 1, 42% with Grade 2, 
16% with Grade 3, and 7% with Grade 4 echogenicity. Another 
study by Siddapa et al. in 2016 (15) showed that 48.3% had Grade 
1 CKD, 35% had Grade 2 CKD, 11.7% had Grade 3 CKD, and 5% had 
Grade 4 CKD. These varia�ons in results may be a�ributed to 
differences in pa�ent popula�ons and the focus of each study.

Based on our findings, it is evident that individuals from Khyber 
Pakhtunkhwa (KPK), Pakistan, predominantly reside in rural areas 
with limited financial resources, o�en falling below the poverty 
line. In these regions, access to medical facili�es is minimal, and 
healthcare is o�en provided by non-specialized health 
technicians who may lack awareness of proper well-being and 
kidney screening prac�ces.

Due to these challenges, many pa�ents in KPK only seek medical 
a�en�on when they are facing cri�cal and serious condi�ons. 
Typically, they end up coming to specialized hospitals in Peshawar. 
Unfortunately, by the �me they reach these hospitals, they are 
o�en diagnosed at Grade 3, indica�ng a chronic stage of kidney 
disease. This suggests a pressing need for increased awareness, 
preven�ve measures, and improved healthcare accessibility in 
rural areas to address kidney health issues at an earlier stage.
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Ultrasound is effec�ve in detec�ng elevated echogenicity, 
reduced cor�cal parenchymal thickness, and diminished renal 
size, par�cularly prevalent in elderly pa�ents. This study 
illuminates the landscape of renal parenchymal disorders in 
Khyber Pakhtunkhwa, Pakistan, highligh�ng the prevalence of 
chronic kidney disease (CKD) and its correla�on with age and 
kidney dimensions. The results underscore the pressing need for 
heightened healthcare awareness, par�cularly in resource-
limited rural areas. The study reveals a concerning pa�ern where 
pa�ents o�en reach advanced stages, emphasizing the necessity 
for a shi� towards proac�ve screening and early interven�on. 
Strengthening medical educa�on and accessibility can play a 
crucial role in addressing challenges, contribu�ng to the overall 
well-being and management of renal health.
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