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ABSTRACT

Background: Chronic renal parenchymal disease is a progressive condition characterized by the gradual loss of kidney
function. It contributes significantly to global morbidity and mortality. According to the Global Burden of Disease study, chronic
kidney disease ranked 27th among causes of global deaths in 1990, rising to 18th by 2010, with an age-standardized death rate
of 16.3 per 100,000. Early detection through non-invasive imaging can play a pivotal role in slowing disease progression and
preventing complications.

Objective: To assess the sonographic comparison of the renal segmental artery to aortic peak systolic velocity (PSV) ratio in
healthy individuals and patients with chronic renal parenchymal disease using Doppler ultrasound.

Methods: This cross-sectional study was conducted over five months, from September 2019 to January 2020, at the Department
of Radiology, Pakistan Kidney and Liver Institute & Research Center (PKLI&RC), Lahore. A total of 168 patients were enrolled
using convenient sampling, including 84 patients diagnosed with chronic renal parenchymal disease and 84 with normal renal
function. All participants underwent grayscale and Doppler ultrasonography using Toshiba Aloka Prosound SSD-3500SX with
3.5 MHz curvilinear and 7.5 MHz linear probes. Renal segmental artery and aortic PSV measurements were recorded and
compared.

Results: Among 168 participants, the mean age was 42.08 £ 14.52 years in the disease group and 45.36 £+ 10.02 years in the
normal group. The mean renal segmental artery to aortic PSV ratio was 0.4583 £ 0.19789 in patients with chronic renal
parenchymal disease and 0.6206 + 0.23015 in normal subjects. Of the diseased group, 64.6% were male and 36.0% female.
Comorbid conditions included hypertension (69.0%), diabetes mellitus (64.3%), edema (38.1%), anemia (21.4%), pain (14.3%),
and fever (14.3%).

Conclusion: Sonographic assessment, particularly Doppler-based evaluation of renal segmental artery to aortic PSV ratio,
offers a reliable, non-invasive method for detecting and monitoring chronic renal parenchymal disease. It aids in early diagnosis,
potentially preventing further renal deterioration and associated complications.

Keywords: Aorta, Chronic Kidney Disease, Color Doppler Ultrasonography, Kidney Failure, Peak Systolic Velocity, Renal
Artery, Renal Parenchymal Disease.
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INTRODUCTION

Renal parenchymal disease represents a chronic, progressive deterioration in kidney function, typically characterized by a decline in
glomerular filtration rate (GFR), increased urinary albumin excretion, or both. The kidneys play a central role in maintaining homeostasis
by filtering toxins and excess fluid from the blood, excreting them through urine (1). Anatomically, each kidney is composed of a cortex
and medulla, which function in unison to ensure the excretion of metabolic waste. When these organs fail to operate efficiently,
nitrogenous wastes and excess fluids accumulate in the bloodstream, precipitating a cascade of systemic complications (2). Often, the
initial stages of chronic kidney disease (CKD) progress silently, delaying diagnosis until renal impairment becomes significant. Early
detection, therefore, is critical in slowing the progression of the disease and minimizing associated risks, particularly those related to
cardiovascular morbidity and mortality (3,4). Global health data underscore the growing burden of CKD. The Global Burden of Disease
Study ranked CKD as the 27th leading cause of mortality worldwide in 1990, rising to 18th by 2010, with an age-standardized death
rate increasing from 15.7 to 16.3 per 100,000 people annually (5). Among the leading contributors to this rise were HIV/AIDS and
diabetes mellitus, with CKD being one of the most significant causes of premature mortality. Notably, studies in the United States and
Australia revealed that many patients who succumbed to diabetes-related complications had undiagnosed renal failure, suggesting an
underestimation of CKD-related mortality in national records (6,7). CKD is now recognized as a global public health crisis, with a
steadily rising incidence of end-stage renal disease (ESRD) and associated complications. Despite the disease’s silent onset, its
progression is not inevitable. With appropriate screening strategies and early therapeutic interventions, many of its complications can
be prevented (8).

Public health policies emphasizing early diagnosis, particularly in patients with comorbidities such as diabetes and hypertension, have
shown promise in curbing its impact. In India, the estimated prevalence of CKD is about 150-200 cases per 800 per million population,
with diabetes and hypertension as the leading etiological factors (9). Similarly, in Japan, CKD affects an estimated 6—13 million
individuals, and its progression to ESRD and cardiovascular disease places a considerable burden on healthcare systems. Proactive
measures focusing on early intervention, lifestyle modifications, and routine nephrological evaluations are being advocated to mitigate
this trend (10). Sonographic assessment has emerged as a non-invasive, valuable diagnostic modality for evaluating renal morphology
and hemodynamics in patients with CKD. Key ultrasound parameters such as renal length, parenchymal thickness, cortical thickness,
and cortical echogenicity provide insights into the extent of renal damage (11). Moreover, the measurement of segmental renal artery
velocities and their ratios relative to aortic peak systolic velocity offers a promising avenue for differentiating between normal and
diseased renal states. These indices reflect renal vascular resistance and perfusion status and may serve as early indicators of renal
impairment even before overt changes in serum creatinine or GFR become apparent. Given the escalating burden of CKD and the
limitations of conventional markers in detecting early disease, there is a pressing need to explore and validate newer diagnostic
approaches. In this context, the present study aims to assess the sonographic comparison of renal segmental artery to aortic peak systolic
velocity ratio in healthy individuals and patients with chronic renal parenchymal disease through Doppler ultrasonography, with the
objective of enhancing early diagnostic accuracy and guiding timely therapeutic interventions.

METHODS

The present study was conducted in the Department of Radiology at Pakistan Kidney and Liver Institute & Research Center (PKLI&RC),
Lahore, over a duration of five months, following the approval of the research synopsis. Employing a cross-sectional study design, the
sampling technique used was non-probability convenience sampling. A total of 168 adult patients were enrolled, equally divided into
two groups: one comprising 84 individuals with normal renal parenchyma and the other comprising 84 patients diagnosed with chronic
renal parenchymal disease (CRPD). Among those with normal sonographic findings, 55 were female and 29 were male, while in the
CRPD group, 31 were female and 53 were male. All participants underwent standardized sonographic evaluation using a Toshiba Aloka
ProSound SSD-3500SX ultrasound machine. Imaging was performed using two probes: a curvilinear transducer with a frequency of 3.5
MHz for deeper abdominal imaging and a high-frequency linear probe of 7.5 MHz for cortical assessment and vascular structures.
Grayscale sonography was used to evaluate renal length (measured in the sagittal plane from upper to lower pole), parenchymal thickness
(measured from the renal hilum to the outer boundary), and cortical thickness (measured from the base of the medullary pyramid to the
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renal capsule). Cortical echogenicity was assessed relative to the liver and medulla, and corticomedullary differentiation was graded
into five levels based on standard sonographic criteria.

Doppler ultrasonography was used to assess renal vascularity. Peak systolic velocity (PSV) of the renal segmental artery was measured
and compared with the aortic PSV to calculate the renal segmental artery to aortic PSV ratio. These hemodynamic parameters were used
to evaluate renal perfusion differences between the normal and CRPD groups. Inclusion criteria included adults aged 18 to 85 years who
provided informed written consent and had no contraindications to sonographic examination. Patients were excluded if they had a
solitary kidney, congenital anomalies, obstructive uropathy, renal masses, or previously diagnosed renal artery stenosis, as such
conditions could distort the anatomical and vascular assessment of the kidneys (12-14). Ethical approval for the study was obtained
from the Institutional Ethics Committee of PKLI&RC, ensuring compliance with research ethics and participant safety. Informed consent
was obtained from all participants prior to inclusion in the study. Data was anonymized, and confidentiality was strictly maintained,
with access restricted to the research team.

RESULTS

The study included 168 patients, evenly divided into two groups: 84 individuals with chronic renal parenchymal disease and 84 with
normal renal function. Among the disease group, there were 53 males and 31 females, whereas the normal group comprised 29 males
and 55 females. The age range of participants was 25 to 85 years. The mean age of patients with chronic renal parenchymal disease was
42.08 years with a standard deviation of 14.52, while the mean age among those with normal kidneys was 45.36 years with a standard
deviation of 10.02. The primary variable of interest, the renal segmental artery to aortic peak systolic velocity (PSV) ratio, demonstrated
a clear distinction between the two groups. In patients with chronic renal parenchymal disease, the mean ratio was 0.4583 with a standard
deviation of 0.19789. In contrast, patients with normal renal parenchyma had a significantly higher mean ratio of 0.6206 with a standard
deviation of 0.23015. Regarding associated clinical features observed on ultrasound, hypertension was reported in 69.0% of patients,
followed by diabetes mellitus in 64.3%. Edema was noted in 38.1% of patients, anemia in 21.4%, while fever and pain were each
reported in 14.3% of cases. These findings indicate that hypertension and diabetes were the most common comorbidities in individuals
with abnormal renal parenchymal findings. The comparison of the renal segmental artery to aortic peak systolic velocity (PSV) ratio
between patients with and without chronic renal parenchymal disease revealed a statistically significant difference. An independent
samples t-test was performed to evaluate the difference in mean PSV ratios between the two groups. The test yielded a p-value of <0.001
(p = 3.46 x 10719, indicating that the lower mean PSV ratio observed in the chronic renal parenchymal disease group (mean = 0.4583,
SD = 0.19789) compared to the normal group (mean = 0.6206, SD = 0.23015) was statistically significant. This significant difference
supports the diagnostic utility of the renal segmental artery to aortic PSV ratio as a potential non-invasive marker for evaluating chronic
renal parenchymal disease.

Table 1: Gender Distribution in Study Groups

Gender Chronic Renal Parenchymal Disease (n = 84) Normal Renal Function (n = 84) Total (N = 168)
Male 53 29 82
Female 31 55 86

Table 2: Age Statistics in Study Groups

Group Mean Age (years) Standard Deviation =~ Minimum Age  Maximum Age
Chronic Renal Parenchymal Disease 42.08 14.52 25 85
Normal Renal Function 45.36 10.02 25 85

Table 3: Renal Segmental Artery to Aortic PSV Ratio Comparison

Disease N Mean Std. Deviation Std. Error Mean
Renal segmental artery to Aortic Disease 84 4583 .19789 .02159
PSV ratio Normal 84 .6206 23015 02511
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Table 4: Frequency of Associated Sonographic Clinical Findings

Sonographic findings Frequency Percent
Hypertension 58 69.0
Diabetes 54 64.3
Fever 12 14.3
Edema 32 38.1
Anemia 18 21.4
Pain 12 14.3
Renal Segmental Artery to Aortic PSV Ratio
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DISCUSSION

This study aimed to evaluate the sonographic comparison of the renal segmental artery to aortic peak systolic velocity (PSV) ratio in
individuals with and without chronic renal parenchymal disease. The findings revealed that patients with chronic renal parenchymal
disease demonstrated significantly lower PSV ratios compared to individuals with normal renal function, suggesting that this Doppler
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parameter could serve as a valuable non-invasive indicator of renal impairment. The results were statistically significant, reinforcing the
utility of sonographic vascular indices in the early detection of chronic kidney pathology. In terms of demographic distribution, the study
found a higher prevalence of chronic renal parenchymal disease in males (64.6%) compared to females (36.0%). This pattern aligned
with some regional studies that reported male predominance; however, it differed from other research that suggested higher prevalence
rates in females (15,16). Such discrepancies may stem from differences in muscle mass influencing serum creatinine levels, population-
based lifestyle factors, or healthcare-seeking behaviors. Notably, other researchers have observed that while chronic kidney disease is
often more prevalent in females, disease progression and the severity of end-stage renal disease tend to be more pronounced in males
(17,18). The age distribution in this study showed that most cases of chronic renal parenchymal disease occurred between 30 and 40
years of age. This contrasted with studies that reported peak prevalence in older populations, particularly those aged 60 and above, as
well as reports of early onset in young adults between 20 and 30 years in certain geographical settings (19,20). These findings highlight
potential regional and socioeconomic differences in disease onset and underscore the need for early screening strategies, especially in
high-risk populations.

Clinically, hypertension and diabetes mellitus were the most frequently associated comorbidities in patients with chronic renal
parenchymal disease, affecting 69.0% and 64.3% of the cases, respectively. This supports previous findings indicating that hypertension
and diabetes are not only highly prevalent among chronic kidney disease patients but also major contributors to disease progression and
end-stage renal disease. Literature widely acknowledges the bidirectional relationship between chronic kidney disease and hypertension,
where each condition accelerates the other (11,21). Likewise, diabetes mellitus, especially type 2, has been consistently implicated in
the pathogenesis of diabetic nephropathy and is considered a primary risk factor for the progression to end-stage renal failure (15,22).
In terms of presenting symptoms, only 14.3% of patients in the disease group reported pain, indicating the predominantly asymptomatic
nature of early to moderate chronic renal parenchymal disease. However, other reports have shown a higher prevalence of moderate to
severe pain among chronic kidney disease patients, often due to poor pain management or coexisting conditions (23). The variation in
symptom presentation further emphasizes the importance of routine imaging and laboratory evaluation, as reliance on clinical symptoms
alone may delay diagnosis.

The strength of this study lies in its use of a standardized sonographic protocol to assess both anatomical and hemodynamic parameters
of renal function. The inclusion of Doppler indices such as the renal segmental artery to aortic PSV ratio offers a reproducible, non-
invasive diagnostic approach that can complement biochemical testing, particularly in settings with limited access to advanced renal
function assays. Nonetheless, the study has certain limitations. The sampling was non-probabilistic and limited to a single tertiary care
center, which may restrict generalizability. The cross-sectional design also limits causal inference. In addition, potential confounding
factors such as medication use, duration of comorbidities, and body mass index were not accounted for in the analysis. Future studies
should incorporate a multicenter design with longitudinal follow-up, stratify disease severity, and explore the influence of additional
clinical variables on Doppler findings. In conclusion, this study reinforces the clinical value of Doppler ultrasound in detecting chronic
renal parenchymal disease and underscores the significance of comorbid hypertension and diabetes as major contributing factors.
Integrating sonographic assessments with routine screening in at-risk populations may enhance early detection and timely intervention,
ultimately reducing the burden of renal morbidity and mortality.

CONCLUSION

Ultrasonography, particularly with the use of Doppler imaging, serves as a vital non-invasive tool in the initial evaluation and ongoing
monitoring of patients with chronic renal parenchymal disease. This study highlights the significance of measuring the renal segmental
artery to aortic peak systolic velocity ratio as a reliable sonographic parameter in distinguishing diseased from normal renal parenchyma.
The ability to detect early vascular changes through Doppler assessment offers a meaningful opportunity to guide timely clinical
interventions, potentially preventing further renal deterioration and associated complications. These findings support the integration of
sonographic evaluation into routine diagnostic protocols for high-risk patients, emphasizing its practical value in the prevention and
management of chronic kidney disease.
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