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INTRODUCTION 

With the recent advances in ultrasound technology, 

sonographic evaluation of the kidneys has greatly 

improved and has now become the primary imaging 

modality for evaluating renal diseases.1 Ultrasound is a 

cheap and easily accessible modality for screening of 

patients with renal dysfunction besides being radiation 

free.2,3 Despite a recent surge in the use of duplex 

sonography in renal transplant patients to detect acute 

graft rejection and distinguish it from other causes of 

allograft dysfunction, its use in native kidneys has 

remained limited.4,5 Small renal size, raised parenchymal 

echogenicity coupled with reduced cortical thickness are 

characteristic sonographic features in chronic renal 

diseases, nevertheless, highly non-specific.4-9 For 

instance, a mild rise in renal cortical echogenicity on B-

mode ultrasound can be seen in approximately 15% of 

normal individuals and hence spuriously interpreted as 

renal parenchymal disease.5 In addition to morphological 

abnormalities, Duplex ultrasound provides hemodynamic 

information about the intrarenal and extrarenal 
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vasculature highlighting the changes in the renal blood 

flow.10 Doppler ultrasonography can, therefore, be used 

as a suitable method for functional evaluation in those 

with renal parenchymal disease. We undertook this study 

with the purpose of evaluating the association between 

the resistive index (RI) of arcuate or interlobar arteries of 

the native kidney and serum creatinine level anticipating 

that duplex sonography may play a pivotal role in 

evaluation of native kidney function. 

METHODS 

Ours was a prospective cross-sectional study carried out 

between August 2018 to June 2019. The case cohort 

constituted individuals with renal parenchymal disease 

having serum creatinine levels >1.4 mg/dL. For 

comparison, a group of normal healthy individuals with 

no underlying renal disease and serum creatinine level 

<1.4 mg/dL were also incorporated in the study. Patients 

with renal stones (unilateral or bilateral), hydronephrosis, 

space occupying lesions and renal artery stenosis were 

excluded from the study. The sample size comprised of 

40 subjects per cohort (confidence interval- 95% and 

study power-90%) with mean age of 43.8±2.9 years (age 

range, 20-80 years). To eliminate the confounding effect 

of gender, equal number of males and females were 

included in each group. Patient information such as name, 

age, gender, ultrasound findings (B-mode and colour 

doppler), and laboratory test results (serum creatinine and 

BUN level) were recorded on a pre-set proforma. The 

subjects were referred from nephrology out-patient 

department of our hospital, Government Medical College 

Srinagar. These individuals underwent ultrasonographic 

evaluation of kidneys to exclude renal stones, 

hydronephrosis or any mass lesion. After meeting the 

inclusion criteria, the kidneys were subsequently 

interrogated with color Doppler and interlobar/ arcuate 

arterial resistive indices were calculated bilaterally. 

Multiple samples (five in each kidney) from upper, mid 

and lower renal poles were taken to increase the efficacy. 

Serum creatinine levels were measured within three days 

of the ultrasonography. All the ultrasound examinations 

were performed by a radiologist with special expertise in 

genitourinary radiology on GE LOGIC S8 machine using 

3-5 MHz curvilinear transducer. 

Statistical analysis 

Data analysis was performed by a statistician using 

statistical software (SPSS, version 20.0). The variables 

were expressed as mean±SD. Quantitative data was 

analyzed using two sample independent t-test and 

Pearson's correlation coefficient. A p-value less than 0.05 

was considered as statistically significant. 

Ethical considerations 

After properly explaining the objectives and methods of 

the study, written consent was obtained from all the 

participants.  

RESULTS 

The mean age±SD of the subjects was 48.8±3.3 years for 

the case and 38.8±2.4 years for the control group (p 

=0.013). No statistically significant difference (p=0.874) 

in the mean RI values among different age groups in both 

the cohorts was noted. Mean serum creatinine levels±SD 

in the case and control groups were 6.7±0.7 mg/dL and 

1.0±0.4 mg/dL, respectively. 64.3±6.8 mg/dL was the 

mean BUN level in case group in comparison to 13.7±0.8 

mg/dL in the control group (p <0.0015). The mean renal 

length±SD and parenchymal thickness ±SD in case of 

right kidney, as measured by B-mode ultrasonography 

were 94.8±3.4 and 11.1±0.57 mm for the case group and 

105.05±1.4 (p=0.013) and 12.5±0.4 mm (p =0.044) for 

the control group, respectively (Figure 1).  

 

Figure 1: Color doppler sonography with spectral 

waveform analysis of right mid-pole interlobar artery 

in a healthy control showing RI of 0.55. 

The mean renal length±SD and parenchymal 

thickness±SD for left kidney were 97.3±3.5 and 11.5±0.5 

mm for the case, and 105.7±1.6 (p =0.047) and 13.6±0.5 

mm (p=0.014) for the control group, respectively. Tables 

1 and 2 show the distribution of RI amongst the case and 

control groups, respectively. The mean±SD RI was 

79.0%±1.8% in the diseased group and 60.3%±0.7% in 

the healthy subjects (p <0.001).  

Figure 1 shows the normal resistive index of 0.55, as 

measured from right mid-pole interlobar artery in a 

healthy subject. The correlation between the RI and the 

serum creatinine level was statistically significant (p 

<0.001). The sensitivity and specificity of the RI (as a 

diagnostic test) in comparison to the serum creatinine 

level (as the gold-standard) were derived from ROC 

(receiver operating characteristic) curve analysis. All 

individuals with an RI value >71.6% had deranged 

creatinine levels and all subjects with an RI <63.1% had 

serum creatinine levels within the normal range (63.1% 
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and 71.6% were thus the cut-off values with the highest 

sensitivity and specificity, respectively). In general, the 

RI of 67.0% appeared to be the optimal cut-off value with 

sufficient sensitivity and specificity for ascertaining the 

renal function.  

Table 1: Resistive index (RI) values in patients with 

renal parenchymal disease. 

RI (in %) Number of patients (n) Percent (%) 

61-70 10 25 

71-80 18 45 

81-90 8 20 

≥91 4 10 

Table 2: Resistive index (RI) values in healthy 

controls in our study. 

RI (in %) Number of subjects (n) Percent (%) 

≤60 14 35 

61-70 11 27.5 

71-80 10 25 

81-90 3 7.5 

≥91 2 5 

DISCUSSION 

The main aim of our study was to assess the relationship 

between serum creatinine levels and resistive index (RI) 

of renal interlobar artery in patients with renal 

parenchymal disease and normal individuals. A 

significant association between these variables was found 

(p <0.001), which is in coherence with the previous 

literature. In a similar study, Kim et al. obtained a 

statistically significant difference between the RI values 

of patients with renal parenchymal disease and those of 

the control group.4 Besides, a significant association was 

noted between serum creatinine levels and resistive 

indices of interlobar arteries (p <0.05). Their study was 

based on 96 individuals with the cut-off value of serum 

creatinine between controls and those with renal 

parenchymal disease being 1.4 mg/dL. A decline in renal 

function with consequent rise in serum creatinine may 

lead to renal architectural remodelling involving blood 

vessels, glomeruli and interstitium thereby increasing the 

arterial resistance. This rise in arterial resistance results in 

decrease in diastolic flow and thus increase in resistive 

index (RI).11,12 Nori et al, and Izumi et al, observed that 

sudden deterioration of renal function (acute renal failure) 

leads to an increase in resistive index of interlobar 

arteries there by advocating the role of color Doppler in 

acute renal failure.3,11 Quaia and Bertolotto studied the 

prognostic role of Doppler ultrasound in patients with 

acute renal failure and found a positive correlation 

between declining RI values and serum creatinine levels.9 

Romano et al. did a study on diabetic subjects to assess 

the role of RI in predicting deteriorating renal function 

and found a significant correlation between resistive 

index and worsening renal function. They concluded that 

a RI value ≥0.80 can help in predicting renal functional 

outcome in diabetic patients with microalbuminuria.13 In 

a study on earthquake victims with crush injury, Keven et 

al. concluded that renal resistive index (RI) measurement 

can be helpful in predicting recovery from acute renal 

failure.14 Yoon et al, evaluated the role of doppler 

sonography in predicting the temporal relationship 

between serial RI values and serum creatinine levels in 

rabbits with acute renal failure and found that a decrease 

in RI value heralded the decrease in serum creatinine 

level. They concluded that color doppler sonography is 

an effective tool in predicting the course of acute renal 

failure, however, the correlation between serial RI values 

and serum creatinine levels was not strong.15 In our 

series, increase in RI did not correlate completely with 

the increment in serum creatinine level. For instance, 

patients with mildly raised serum creatinine level (2.5 mg 

/dL) had a high resistive of 0.91 in comparison to RI of 

0.72 in patients with serum creatinine level of 15 mg/dL. 

In addition, some subjects in the control group had a 

relatively high RI of 0.70 - 0.75 despite having normal 

serum creatinine levels of less than 1mg/dL.  

Our study has a drawback in the form of significant 

difference in the mean age of subjects in the case and 

control groups, therefore, any difference in RI values 

between the two groups might be due to confounding 

effect of age. Amongst all the variables, i.e, renal size, 

cortical thickness and resistive index; the RI value 

correlated more closely with renal dysfunction and serum 

creatinine levels.  

CONCLUSION 

From this study, we came to the conclusion that in 

patients with renal parenchymal disease, interlobar 

arterial RI measurement by color doppler sonography is 

an effective and reproducible prognosticator of functional 

outcome. 
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