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Abstract 

 

Background/Aim: The prevalence of hypertension increases with age and one out of every three adults 

over the age of 40 has hypertension. Hypertensive end-organ damage is an important predictive factor for 

patient morbidity and mortality. This study aimed to investigate the role of the renal resistive index (RI) in 

predicting retinopathy and nephropathy in hypertensive patients. 

Methods: This study was cross-sectional in design. Sixty hypertensive patients who were followed in 

Samsun Research and Training Hospital Internal Medicine outpatient clinic were included in the study. In 

all patients, a routine ophthalmological examination, including visual acuity, anterior segment 

examination, and dilated ocular fundus examination, was performed. Urinary albumin to creatinine ratio 

(mg/g) was measured in spot urine samples, and a level ≥30 mg/g was accepted as the presence of 

proteinuria. Renal Doppler ultrasonography was performed using Esaote mylab x 9 model sonography 

device vovex probe (C1-8) 3.5 MHz. RI values were measured using Xflow Doppler at the level of 

interlobular or arcuate arteries of both kidneys. First, the patients were divided into two groups (with or 

without retinopathy). The patients who had retinopathy were then divided into two groups according to 

their retinopathy degree. Hypertensive retinopathy was graded according to the Scheie classification. The 

patients were also divided into two groups according to their proteinuria status (with or without 

proteinuria).  

Results: The mean of renal RI was 0.59 (0.04) in patients without retinopathy (n=15), 0.63 (0.05) in 

patients with grade 1 hypertensive retinopathy (n=29), and 0.66 (0.04) in patients with grade 2 

hypertensive retinopathy (n=15). The difference between groups was statistically significant (overall 

P=0.001). It has been shown that proteinuria develops more frequently in cases in which the renal value is 

above 0.7, and these results were statistically significant (P=0.034).  

Conclusion: This study indicates that renal RI increase is a valuable tool for estimating retinopathy and 

proteinuria in hypertensive patients. 
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Introduction 

The prevalence of hypertension varies in the adult 

population and increases with age. One out of every three adults 

over the age of 40 has hypertension. Hypertensive end-organ 

damage is an important problem that causes morbidity and 

mortality. For this reason, in the latest international hypertension 

guidelines, medical treatment is recommended in addition to 

lifestyle modifications for people whose end-organ damage risk 

is increased and whose blood pressure level is above 130/85 

mmHg [1,2]. Hypertension-related end-organ damage is an 

important predictive factor for cardiovascular risk [3]. The length 

of time that a patient has been hypertensive and his/her arterial 

blood pressure are major determinants of hypertension-related 

organ damage. To investigate the effects of high blood pressure, 

a 24-h ambulatory blood pressure measurement was performed 

on 130 hypertensive patients, and it was found that myocardial 

wall thickness and peripheral vascular resistance were higher in 

patients with higher mean systolic blood pressure [4]. The 

European Society of Cardiology hypertension diagnosis and 

management guidelines strongly suggest using the Systematic 

COronary Risk Evaluation (SCORE) system during the treatment 

of hypertensive patients [1]. This scoring system aims to identify 

high-risk patients in the early period and to initiate medical 

treatment earlier for patients with high cardiovascular risk. 

Predicting cardiovascular risk, especially in young patients or 

newly diagnosed hypertensive patients, is possible using this 

scoring system.  

Hypertensive retinopathy, hypertensive nephrosclerosis, 

hypertension-related cerebrovascular changes, and left 

ventricular hypertrophy are the major hypertension-related end-

organ injuries. The risk of stroke in patients with retinopathy is a 

frequently studied topic because of the close relationship 

between retinal and cerebral vascularity. It has been previously 

shown in a study that the presence of hypertensive retinopathy is 

associated with an increased risk of stroke, and the risk of stroke 

increases as the retinopathy degree increases [5]. In another 

study, in which hypertensive retinopathy was divided into severe 

and mild, it was shown that the risk of hemorrhagic stroke 

correlated with the severity of retinopathy [6]. 

Considering studies examining the relationship between 

hypertensive retinopathy and coronary artery disease, Duncan et 

al.’s study concerning middle-aged male patients revealed that 

retinal microvascular changes led to an increase in the risk of 

coronary artery disease and related events that are 2.1 times in 

the high-risk versus the low-risk patient group [7]. 

The pathogenesis of hypertensive retinopathy is 

believed to consist of complex and intertwined phases rather than 

progressing via sequential steps. These phases are defined as the 

vasoconstrictive, exudative, sclerotic, and complicated sclerotic 

phases [8].  

The presence of microalbuminuria in hypertensive 

patients at the time of diagnosis is a risk factor for the presence 

of left ventricular hypertrophy [9]. It has been shown that in 

patients with a diagnosis of essential hypertension, an elevation 

in the the renal resistive index (RI) occurs. The index is 

correlated with carotid intima–media thickness and 

microalbuminuria [10]. The RI is the ratio of peak systolic 

velocity to end-diastolic velocity in the flow pattern of vascular 

structure and is an indicator of vascular resistance.  

This study aimed to investigate the role of the renal RI 

in predicting retinopathy and nephropathy in hypertensive 

patients. 

Materials and methods 

This study was cross-sectional in design. Sixty 

hypertensive patients who were monitored in the Samsun 

University, Samsun Research and Training Hospital Internal 

Medicine outpatient clinic were included in the study. The 

patients were divided into three groups according to their 

retinopathy development status: (1) those who did not develop 

retinopathy, (2) those who developed stage 1 retinopathy, and (3) 

those who developed stage 2 retinopathy. All patients were also 

divided into two groups according to their proteinuria status.  

To determine the number of patients to be included in 

the study, a power calculation was done, and the minimum 

number of patients recommended for study inclusion was found 

to be 60 with 80% power and 95% confidence interval at a P < 

0.05 significance level [11]. In all patients, a routine 

ophthalmological examination, including visual acuity, anterior 

segment examination, intraocular pressure measurement, and 

dilated ocular fundus examination, was performed. Fundus 

examination was done after instilling tropicamide 1% and 

cyclopentolate 1% eye drops, and retinal abnormalities were 

noted and graded according to Scheie classification (*): (1) 

Grade 0: No visible changes; (2) Grade 1: barely detectable 

arterial narrowing; (3) Grade 2: obvious arterial narrowing with 

focal irregularities; (4) Grade 3: grade 2 plus retinal hemorrhage, 

exudates, cotton wool spots, or retinal edema; and (5) Grade 4: 

grade 3 plus papilloedema [12]. 

Venous blood samples following 12 h of fasting were 

collected to measure blood glucose, creatinine, and glycosylated 

hemoglobin levels. Urinary albumin to creatinine ratio (mg/g) 

was also measured and calculated in spot urine samples. 

Conditions that could cause false positive measurements in 

urinary albumin excretion were evaluated and the measurement 

was repeated after that. Albumin to creatinine ratio ≥30 mg/g 

was accepted as the presence of albuminuria [13]. 

Renal doppler ultrasonography was performed using 

Esaote mylab x9 model sonography device vovex probe (C1-8) 

3.5 MHz. The patients were examined under supine and bilateral 

decubitus positions. Bilateral renal parenchymal thickness and 

length were measured in the long axis plane with B-mode. RI 

values were measured at the level of interlobular or arcuate 

arteries from the upper, middle, and lower parenchyma of the 

kidney with Xflow Doppler, and measurements were taken at 

least three times after which average values were obtained (as 

shown in Figure 1).  

The duration of hypertension and patients’ demographic 

characteristics were recorded to evaluate the risk factors 

affecting retinopathy. Patients with a diagnosis of secondary 

hypertension, those with known chronic kidney disease, those 

with a diagnosis of diabetes mellitus, and/or those under the age 

of 18 were excluded from the study.  

The ethical evaluation of our study was performed by 

Samsun University Samsun Research and Training Hospital 
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ethics committee, and it was approved on 1.6.2021 with the 

decision number GOKA/2021/11/5. 
 

Figure 1: X-Doppler image of resistive index (RI) measurement at the level of the 

interlobular and arcuate arteries 
 

 
 

Statistical analysis 

The statistical analysis was conducted using the 

Statistical Package for the Social Sciences (SPSS) Program 

Version 22.0. Normally distributed continuous variables were 

expressed as mean (standard deviation), while non-normally 

distributed continuous variables were expressed as median 

(lowest–highest). Categorical variables were expressed as n (%). 

A chi-squared test was used to compare the variables between 

groups. One-way analysis of variance (ANOVA) and post hoc 

Tukey honestly significant difference (HSD) tests were used to 

compare continuous variables between the groups. A receiver 

operating characteristic (ROC) curve analysis was done to 

determine the RI cut-off value. A P-value of less than 0.05 was 

considered statistically significant. 

Results 

A total of 60 hypertensive patients, including 38 

women, and 22 men, were included in the study. The mean age 

was 52.6 (11.8) years. The median duration of hypertension in 

the patients was 4 years (0–40 years). According to the 

calculated urinary albumin excretion (UAE), the number of 

patients with a UAE of 30 mg/g and above was 22 (36.7%) while 

the number of patients without proteinuria was found to be 38 

(63.3%).  

The number of patients without retinopathy was 15 

(25%), the number with grade 1 retinopathy was 29 (48.3%), and 

the number with grade 2 retinopathy was 16 (26.7%).  

RI measurements were obtained from all 60 patients, 

and 18 (30%) patients with a mean renal RI value below 0.61 

and 42 (70%) patients with RI value above 0.61 were noted. 

According to the ROC curve analysis, the RI cut-off 

value to determine retinopathy was determined as 0.61 with a 

sensitivity of 76% and specificity of 67%. The area under the 

curve (AUC) was 0.761 with 95% confidence interval (CI) 

values for AUC ranging from 0.619 to 0.903. The ROC curve is 

shown in Figure 2. It was shown that in patients with a greater RI 

level, hypertensive retinopathy frequency significantly increased 

(Table 1).  

The mean of renal RI values was 0.59 (0.04) in patients 

without retinopathy (n=15), 0.63 (0.05) in patients with grade 1 

hypertensive retinopathy (n=29), and 0.66 (0.04) in patients with 

grade 2 hypertensive retinopathy (n=15). The difference between 

groups was statistically significant (overall P=0.001). In the post 

hoc analysis, it was determined that this difference was due to 

the difference between those without retinopathy and those with 

grade 1 retinopathy (P=0.047) and those without retinopathy and 

those with grade 2 retinopathy (P=0.001). No statistically 

significant difference between the grade 1 and the grade 2 

retinopathy groups was found (P=0.11).  
 

Figure 2: Receiver operating characteristic (ROC) curve to determine retinopathy 

 
 

Table 1: The effect of the renal resistive index (RI) on retinopathy  
 

 Retinopathy (-) 

n (%) 

Retinopathy (+)  

n (%) 

P-value* 

Renal resistive index      

 <0.61 8 (44.4) 10 (55.6) 0.023 

 ≥0.61 7 (16.7) 35 (83.3)  

Renal resistive index  Grade 0-1 retinopathy 

n (%) 

Grade 2 retinopathy  

n (%) 

 

 <0.61 17 (94.4) 1 (5.6) 0.015 

 ≥0.61 27 (64.3) 15 (35.7)  
 

*Pearson Chi-Squared Test 
 

According to the ROC curve analysis, RI cut-off value 

to determine proteinuria was determined as 0.63 with a 

sensitivity of 64% and specificity of 5%. The AUC was 0.620 

with a 95% CI range for the AUC ranging from 0.465 to 0.774 

The ROC curve is shown in Figure 3.. A significant relationship 

between RI increase and proteinuria status could not be shown 

(Table 2). Moreover, Spearman's test showed that renal RI levels 

did not correlate with the level of proteinuria (r=0.226; P=0.09). 
 

Figure 3: ROC curve according to determine microalbuminuria 

 
 

Table 2: The effect of the renal resistive index on proteinuria 
 

 UAE <30 mg/g  

n (%) 

UAE ≥30 mg/g 

n (%) 

P-value* 

Renal resistive index    

 <0.63 22 (73.3) 8 (26.7) 0.108 

 ≥0.63 16 (53.3) 14 (46.7)  
 

UAE: urinary albumin excretion  
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Discussion 

Hypertension-related end-organ damage is an important 

marker of cardiovascular risk. Retinal, glomerular, and cerebral 

vascular damage due to hypertension constitute the trivet of 

microvascular complications. Mild hypertensive retinopathy 

(grades 1 and 2) is associated with an increase in cardiovascular 

and stroke risks [14].  

The risk of stroke in patients with retinopathy is a 

frequently studied topic because of the close relationship 

between retinal and cerebral vascularity [5]. Duncan et al.'s study 

on middle-aged male patients revealed that retinal microvascular 

changes lead to an increase in the risk of coronary artery disease 

and related events that is 2.1 times more in the high-risk patient 

group versus normal subjects [7].  

In a study conducted on hypertensive individuals over 

the age of 65, it was shown that the risk of hypertensive 

retinopathy increases as the UAE level increases [15]. In another 

study on renal resistive index and hypertension, it was shown 

that as RI increases, the incidence of proteinuria and carotid 

intima–media thickness increases in hypertensive individuals 

[10]. However, not enough studies examining the role of RI in 

predicting hypertensive retinopathy have been published.. 

Diabetic patients were not included in our study due to 

the increased incidence of retinopathy in diabetic patients and the 

fact that it is not always possible to reveal the underlying cause 

of retinopathy and nephropathy development in the presence of 

hypertension in this patient group. To exclude diabetic patients, 

the patients were questioned in terms of their past medical 

history, and venous plasma glucose and glycosylated hemoglobin 

values were measured in all patients after 12 h of fasting. If the 

patients were diagnosed with diabetes mellitus according to the 

new measurements, they were excluded from the study. 

Previous studies demonstrated that the renal RI 

increases in the presence of diabetic retinopathy compared to the 

healthy population [16]. We think that exclusion of diabetic 

patients in our study is valuable for measuring the relationship 

between the renal RI and hypertensive end-organ damage. It was 

shown in a previous study that ambulatory arterial stiffness index 

increase was correlated with hypertensive end-organ damage. In 

that study, the effect of ambulatory arterial stiffness index on 

hypertensive end-organ damage did not differ between those 

patients who were on antihypertensive medications and those 

who were not [17]. 

It is also known that renal RI values increase due to 

glomerulosclerosis development in the presence of chronic renal 

failure [18]. For this reason, the glomerular filtration rate (GFR) 

was calculated by measuring the creatinine level of all patients 

included in the study.  

As a result of the analysis of 60 patients who met these 

criteria, it was observed that the frequency of retinopathy was 

higher if the RI value was 0.61 and above. Renal RI values 

greater than 0.61 may predict hypertensive retinopathy with 

77.8% sensitivity and 83.4% positive predictive value. For this 

reason, we think that RI can be used to indicate end-organ 

damage in hypertensive patients; thus, cardiovascular risk factors 

should be reviewed more carefully in patients with high RI 

levels.  

Proteinuria and ultimately nephrosclerosis are important 

end-organ damage events in patients with hypertension. Ozmen 

et al. [19] reported that renal RI values increase in patients with 

diabetic nephropathy, and the levels of proteinuria were found to 

correlate well with intrarenal RI.. Our results show that 

proteinuria is slightly increased in patients with higher renal RI 

levels. It was shown in our study that proteinuria develops more 

frequently in cases in which the renal RI value is above 0.7, and 

these results were statistically significant. Our result is 

compatible with some other studies in the literature in which the 

risk of proteinuria increases above an RI cut-off value of 0.7 

[20,21]. 

However, some investigators mention that RI cut-off 

levels should be determined according to the patient group and 

for this reason, we performed an ROC curve analysis to 

determine the best cut-off level [22,23]. Unfortunately, when we 

re-evaluated the results according to the measured cut-off level 

ROC curve analysis, no significant difference between the 

patients with and without microalbuminuria was found.  

Limitations 

In our study, no patient with advanced stage (grade 3/4) 

retinopathy participated in the study. We would like to point out 

this situation as the most important limitation of our study. To 

generalize the results of the study, we think that prospective 

studies are needed by including more patients with all four stages 

of hypertensive retinopathy. 

Conclusion 

This study shows that renal RI levels increase in 

hypertensive nondiabetic patients who have retinopathy. Renal 

RI starts to increase earlier than the glomerular filtration decline 

in hypertensive patients who have retinopathy. This increase is 

an important point for identifying patients at high risk for 

hypertensive end-organ damage. 
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