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Abstract 
Background: Chronic kidney disease (CKD) is an important health problem. Renal fibrosis serves as an important 

biomarker in the diagnosis of renal diseases. Its gross anatomy mainly shows that the tissue becomes hard. 

Objective: to determine the correlation between resistive index measurements with glomerular filtration rate 

reduction among children with chronic kidney disease. 

Methods: The study is across-sectional study that enrolled 58 children with CKD stage 3, 4, 5. Renal Doppler was 

performed to measure the resistive index of renal arteries. Then, Correlation between Resistive index and CKD 

stages were performed. 

Results: The right kidney RI was significantly increased gradually with CKD stages. It was significantly higher 

among Stage 5 (0.65±0.10) than Stage 3 (0.54±0.15) and Stage 4 (0.58±0.11), (p=0.044). In this concern, the left 

kidney resistive index was increased in stage 5 compared to stages 3 and 4, but the difference between them did 

not reach a significant level (p = 0.227). 

Conclusion: With increase of CKD stage, the degree of renal parenchymal resistance gradually progresses, and 

the resistive index values increase. 
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INTRODUCTION 
Chronic kidney disease (CKD) is a clinical 

syndrome characterised by a gradual loss of kidney 

function over time. In particular, the Kidney Disease 

Improving Global Outcomes (KDIGO) guidelines 

have defined CKD as abnormalities of kidney 

structure or function, present for more than 3 

months, with implications for health (1). 

The National Kidney Foundation Kidney 

Disease Outcomes Quality Initiative (NKF-KDOQI) 

stages CKD as follows: Stage 1, normal or increased 

GFR with evidence of kidney damage; stage 2, GFR 

60 to 89 ml/min per 1.73 m2; stage 3, GFR 30 to 59 

ml/min per 1.73 m2; stage 4, GFR 15 to 29 ml/min 

per 1.73 m2; stage 5, GFR 15 ml/min per 1.73 m2 or 

on dialysis (2).  

Chronic kidney disease (CKD) has become 

an important public health problem. The primary 

cause of CKD in children is complex, but when it 

develops to a certain stage, its pathological changes 

tend to be the same, such as glomerulosclerosis, 

interstitial fibrosis, vascular atrophy and collapse, 

etc. The gross anatomy of these pathological 

changes mainly shows that the tissue becomes hard 

(3). 

Doppler ultrasound may be crucial in 

determining CKD and how it develops into ESRD. 

Renal resistive index( RRI) has been found to have 

a stronger correlation with tubulointerstitial lesions, 

glomerulosclerosis, and arteriolosclerosis than it 

does with other morphological factors like renal 

length and cortical area. Patients with higher RRIs 

(>0.7) typically exhibit more severe 

arteriolosclerosis than those with normal or high 

RRIs (>0.65). RRI >0.7 patients did not respond as 

well to steroid medication as patients with high-

Normal RRI, suggesting that it may be a valuable 

measure for predicting response (4). 

The resistive index (RI) is a parameter that 

indicates the intra-renal arterial resistance. Resistive 

index is elevated in a variety of kidney diseases, and 

some studies suggest that RI is related to renal 

function and patient prognosis (5). 
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The RI values for CKD can be summed up 

as follows: anticipate response to immunological 

and hypertensive therapy, estimate renal lesions 

(vascular, glomerular, and tubulointerstitial), and 

predict CKD outcome in mild to moderate renal 

dysfunction (6). 

The role of the resistive index as a non-

invasive marker for predicting renal pathology in 

children with CKD. From all Doppler ultrasound 

indices, the renal resistive index "which is 

considered a reflection of renal parenchymal 

resistance" was the best marker of CKD stages. RRI 

is significantly higher in CKD patients compared to 

normal control ones and the optimum range of the 

resistive index is 0.5 to 0.7 (7). 

 

PATIENTS AND METHODS 
This is a cross-sectional study that was 

conducted on 58 cases who had CKD stages 3,4,5 in 

the period starting from January 2021 to September 

2022 at the Radiology Department in collaboration 

with the Nephrology department at Cairo University 

children's hospital. 

 

Inclusion criteria: 

• Age: from 6-13 years. 

• All sex. 

• Pediatric patients diagnosed with chronic kidney 

disease (stage 3, 4, 5)  

• Control group matched age and sex with normal 

kidney function tests. 

Exclusion criteria: 

• Patients with thin renal parenchyma detected by 

ultrasound.  

• Clinically unstable patients. 

• Patients with polycystic kidney disease. 

• Patients with medullary cystic disease, medullary 

sponge kidney and nephrolithiasis. 

•  Patients with renal vein thrombosis, renal artery 

thrombosis and renal masses. 

• Patients refused to participate in the study. 

The patients were categorized into three groups: 

• Group A (n = 19): Stage 3 CKD with eGFR of 

30-59 ml/min/1.73m2.  

• Group B (n = 18): Stage 4 CKD with eGFR of 

15-29 ml/min/1.73m2.  

• Group C (n = 21): Stage 5 CKD with eGFR of 15 

ml/min/1.73m2. 

 The participants underwent the following steps: 

 

▪ GFR estimation 

o GFR was estimated using standard Schwartz 

formula eGFR = K× height/ SCr, eGFR is 

estimated GFR in milliliters per minute per 1.73 

m2, height is in centimeters, SCr is serum 

creatinine in milligram per deciliter, and K is an 

empirical constant determined by comparing the 

height/SCr ratio against measured GFR. The value 

of K is 0.55 for children and adolescent girls, and 

0.7 for adolescent boys (8). 

• Doppler ultrasonography: 

o  Color doppler imaging was used to asses renal 

blood flow velocity.  

o All participants were scanned in lying down on the 

left lateral position then on the right lateral 

position or a supine or decubitus position to 

achieve accurate scan as much as possible.   

o This ultrasound was performed for CKD group. 

Doppler signals were in general obtained from 

renal artery lying between the superior mesenteric 

artery and the corresponding renal vein. 

o The resistive index (RI) for each vessel was 

calculated as an average value obtained from three 

to five wave forms. After the measurements of 

homodynamic parameters such as PSV and EDV, 

the resistive index (RI) was calculated by this 

equation:   

o RI = (PSV-EDV)/ PS 

 

RESULTS 

• This study included 58 patients , 29(50%) were 

females and 29(50%) were males.Their mean age 

was 9.3 +_2.43 years. The mean eGFR was 

(25.75±16.99). 19 patients had CKD stage 3 with 

eGFR  of 30-59 ml/min/1.73m2.18 patients had 

CKD stage 4 with eGFR of 15-29 ml/min/1.73m2 

and 21 patients had CKD stage 5 with eGFR less 

than  15 ml/min/1.73m2. Different aetiologies of 

the primary renal disease of the study group is 

demonstrated  in Figure 1. 

 



The Renal Arterial Resistive Index and Stage of Chronic Kidney Disease in  Pediatric  

Patients with Chronic Kidney Disease                                                                            Section A -Research paper 

 
 

Eur. Chem. Bull. 2023,12( issue 9),718-722                                                                                                                  720 
 

 
Figure 1: Etiology among CKD group. 

 

Among the cases group, the RI of the right kidney 

ranged from 0.46-0.87 with a mean 0.59±0.13, while 

RI of the left kidney ranged from 0.44-0.82 with a 

mean 0.61±0.09. 

Correlations between Resistive index and CKD 

stages were demonstrated in Table 1. The RI of the 

right kidney was significantly increased gradually 

with the CKD stages. It was significantly higher 

among stage 5 (0.65±0.10) than Stage 3 (0.54±0.15) 

and Stage 4 (0.58±0.11) (p=0.044) as shown in 

Figure 2. the RI of left kidney was increased in stage 

5 compared to stages 3 and 4, but the difference 

between them did not reach a significant level 

(p=0.227). 

 

Table 1:Correlation between Resistive index and CKD stages. 

CKD stage  
Stage 3 

(N=19) 

Stage 4 

(N=18) 

Stage 5 

(N=21) 
K P value 

RK RI 

Mean ± SD 

Range 

0.54±0.15 

0.0-0.72 

0.58±0.11 

0.43-0.79 

0.65±0.10 

0.50-0.87 
3.31 0.044* 

Post hock            P1=0.32, P2=0.013*, P3=0.159 

LK RI 

Mean ± SD 

Range 

0.57±0.08 

0.44-0.71 

0.61±0.097 

0.52-0.82 

0.62±0.091 

0.48-0.80 
1.52 0.227 

Post hock             P1=0.218, P2=1.00, P3=0.750 

 

RKRI: Right kidney resistive index, LKRI: left 

kidney resistive index  

K: Kruskal Wallis test. 

P1: stage 3 compared stage 4. 

P2: stage 3 compared stage 5. 

P3: stage 4 compared stage 5. 
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Figure 2. Right kidney resistive index among CKD group. 

 

DISCUSSION 
Chronic kidney disease (CKD) has emerged as a 

significant issue for public health (9). Anomalies in 

renal tubulointerstitial function, glomerular 

function, and renal vascular function are all directly 

associated with the development of CKD. 

Cardiovascular problems are the primary cause of 

death and disability in children (10). It has become 

a disease of greater concern in the medical 

community as a result of its increasing incidence and 

younger patient population, which gravely 

endangers human health (11). 

Although the underlying aetiology of CKD 

in children is complicated, once it reaches a certain 

stage, its pathological changes, such as 

glomerulosclerosis, interstitial fibrosis, vascular 

atrophy and collapse, etc., tend to be consistent. The 

gross anatomy of these pathological changes mainly 

shows that the tissue becomes hard. Renal biopsy is 

the gold standard for diagnosing CKD in the 

traditional examination; however, due to its invasive 

nature and difficulty of reuse, it is difficult to use as 

a general clinical survey or routine means. However, 

traditional ultrasound technologies can only show 

positive results when the renal function is obviously 

damaged (12). 

The objective of this study was to evaluate 

the role of resistive index as non-invasive marker for 

predicting CKD stage  in children with chronic 

kidney disease. From all Doppler ultrasound indices, 

renal resistive index "which is considered a 

reflection of renal parenchymal resistance" was the 

best marker of CKD stages. 

In our study, we measured the RI of renal 

artery for each kidney for all cases of CKD. We 

found that the RI of the right kidney was 

significantly increased gradually with CKD stages. 

It was significantly higher in stage 5 (0.65±0.10) 

than in stage 3 (0.54±0.15) and stage 4 (0.58±0.11), 

(p=0.044). The RI of the left of kidney was increased 

in stage 5 compared to stages 3 and 4, yet with no 

statistical significance difference.  (p = 0.227). As 

matched with our findings, Ikee et al. (7) reported 

that the optimum range of resistive index is 0.5 to 

0.7. On the other hand, others reported that increased 

RI may not always be a result of renal dysfunction, 

it may affected by many cardiovascular factors such 

as vascular compliance, pulsatility index and heart 

rate (13). Our results indicated that RI was increased 

with the progression of CKD stage, these findings 

are inconsistent with previous studies (14, 15, 16). 

These results may be explained by the fact that, 

progressive chronic renal disease is believed to 

reflect a nonspecific renal scarring process involving 

all renal components, this process results in a 

reduction in the number and area of post glomerular 

capillaries. Renal scarring ultimately leads to a 

reduction in the intrarenal vessel area, which in turn 

may be responsible for an increased intrarenal 

vascular resistance. The same findings were found 

in a study by Bige et al. (17). 
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CONCLUSION 
Renal Doppler is a feasible non-invasive technique 

to assess renal parenchymal resistance in children. It 

can be used for monitoring of CKD progression. 

Resistive index value is related to the progress of 

kidney dysfunction .With increase of CKD stage, the 

degree of renal damage gradually progresses, the 

renal parenchymal resistance gradually progresses, 

and the resistive index value increases. 
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