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Abstract

Background: Diabetic nephropathy (DN) is amajor cause of end-stage renal
disease and is closely associated with long-term poor control of diabetes.
Early detection is essential to halt the progression of diabetic nephropathy.
Aim: The aim of the present study is to assess the ability of renal
resistive index in differentiating patients with diabetes mellitus with long
duration of diabetes, who have diabetic nephropathy. Results: Fifty-
seven patients (mean age 56.39 + 8.54 years) were included in the
study. Diabetic nephropathy was observed in 82.5%, the proportion
being slightly higher among men 88.9% than women 76.7%. In
addition, intrarenal resistive index (RI) bilaterally was elevated in the
majority of patients RI > 0.7 reflecting increased intrarenal vascular
resistance. High RI had a close agreement 89.4% with biochemical
evidence ofnephropathy. The intrarenal RI proved its strong validity 90%
sensitivity, 70% specify, 87% accuracy and a positive predictive value of
93% as a noninvasive method in the pre-clinical assessment of overt
diabetic nephropathy. Materials and Methods: This cross-sectional
observational study was performed in the Department of Radiology and
Imaging, Sir Salimullah Medical College Hospital, Dhaka from
January 2023 to December 2024. A group of 57 men and women
selected according to strict inclusion/exclusion criteria. The study was
approved by the institutional review board and adhered to ethical
guidelines outlined in the Declaration of Helsinki. All patients
underwent an evaluation of the intrarenal resistive index (RI) by
spectral Doppler ultrasound. Statistical analyses were done with the aid
of SPSS software (version 26), and all values are expressed as mean =+
SD where applicable statistical tests were used. Conclusion: Spectral
Doppler ultrasonography has a good sensitivity and specificity in
estimating the RI. RI is a reliable and non-invasive detector for
diabetic nephropathy. It is simple, safe, reliable and cost-effective and
may be convenient for general screening of early diabetic nephropathy.
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Diabetic nephropathy is still the most common cause of end-stage renal
disease worldwide, and early diagnosis is essential, because an intervention at
this stage can control the development of chronic kidney disease (CKD) and
its complications [1,2]. Conventional surrogates of renal injury in diabetes
including albuminuria and reduced eGFR are clinically useful but generally
develop after substantial microvascular and hemodynamic renal damage has
already transpired [3,4].
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Intravascular renal vascular resistance is a predominant
feature of the pathophysiology of diabetic nephropathy. The
intrarenal resistive index (RI), as assessed by spectral Doppler
ultrasound, is a parameter that indicates hemodynamic
alterations in interlobar and arcuate arteries of the kidney
and provides a non-invasive approach to microvascular renal
damage [5,6]. Several studies in diabetes have demonstrated
that RI is higher in those with nephropathy compared to
those without, and RI correlates positively with albuminuria
and inversely with eGFR as well as structural vascular
changes such as arteriolosclerosis [6,7,8].

During the last 10 years, there has been increasing
enthusiasm for testing the value of Doppler-derived intrarenal
RI as a supplementary test in diabetic nephropathy,
especially in early detection before evident biochemical
changes ensue. Its additional value has been confirmed by
means of systematic reviews and prospective studies, but
heterogeneity in methodology (Doppler technique, operator
experience, cut-off values) has interfered with their general
clinical application [9,10,11]. Furthermore, as RI represents
not only intrarenal vascular resistance but also systemic
arterial stiffness and pulse pressure, thoughtful interpretation
relative to patient age and the presence of hypertension /
cardiac comorbidity is needed [12].

In the context of these assumptions, this study was
undertaken with an objective to evaluate the diagnostic
accuracy of intrarenal RI (> 0.70) on spectral Doppler
ultrasound in long-standing type 2 diabetes mellitus patients
for early detection of diabetic nephropathy by correlating
findings on Doppler US with standard biochemical parameters
(serum creatinine, urinary albumin, eGFR). " We found
that elevated RI had high sensitivity and PPV in detecting
nephropathy, suggesting it might be used as a non-invasive
screening tool in the radiology departments.

Materials and Methods

It was a cross-sectional study and was done in the
Department of Radiology and Imaging of Sir Salimullah
Medical College (SSMC), Dhaka, Bangladesh from 2023 to
2024. Fifty-seven patients with type 2 diabetes mellitus and
clinical suspicion of diabetic nephropathy were enrolled by
purposive sampling.

Inclusion criteria included patients being treated for
at least 10 years for type 2 diabetes or clinical evidence of
nephropathy. Excluded patients were those who had had
obstructive uropathy, a background of glomerulonephritis,
single or transplant kidney, and drug- or radiation-induced
nephropathy. The sample size was estimated by the formula
for diagnostic test, and 57 individuals were obtained.

Demographic and clinical characteristics, as well as
biochemical and Doppler ultrasonographic findings were
retrieved. Intrarenal RI was quantified through Doppler
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ultrasonography, with a value of >0.7 indicative of
nephropathy. Grey scale, color Doppler and spectral Doppler
imaging were performed in each patient to quantify
biochemical measures including serum creatinine, urinary
albumin and eGFR. The time for each examination was
30-40 minutes per patient. Doppler observations were then
compared with biochemical values to evaluate diagnostic
agreement.

Results

The distribution of  demographic, Doppler
ultrasound findings and biochemical correlation in the
sample population are presented below in the tables and
figures:

Table 1: Distribution of participants by Age (n =157)

Age group in year Frequency Percentage
<40 4 7
40-50 10 17.5
51-60 26 45.6
61-70 17 29.8

Mean age(+SD) in years | 56.39%8.54 in years
Table 1 shows the mean age of participants was

56.39+8.54, and the most respondents 45.6% were in their 51
to 60 year-old range.

Gender Distribution in Percentage

Male Female
=== Percentage 474 52,6

«=@==Percentage

Figure 1: Gender distribution among participants n=57.

Figure 1 displays, most of the respondents were female
52.6%, and only 47.4% participants were male.

Figure 2 shows that among study population, 24 of
27 males 88.9% and 23 of 30 females 76.7% had diabetic
nephropathy.
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Figure 2: Prevalence of Diabetic Nephropathy in the Study
Population (n =57)
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Table 2: Results of Renal Arterial Doppler in Cases with Suspected
Diabetic Nephropathy (n = 57).

RI category n Mean | Std. Deviation
Lt. renal resistive index 12 .6460 .02413
<7 Rt. renal resistive index 12 .6340 .04116
7 Lt. renal resistive index 45 .7819 .07209
Rt. renal resistive index 45 7751 .06111

Table 3: Correlation of Intra-Renal Resistive Index with Biochemical
Parameters in Suspected Diabetic Nephropathy (n = 57).

Biochemical findings

Doppler finding Positive Negative Total
Positive(RI>.7) 42 3 45
Negative(RI<.7) 5 7 12

Total 47 10 57

Table 2 and 3 illustrates The majority of presumed
diabetic nephropathy patients showed renal resistive
index levels (>0.7) that were higher in both kidneys, and
this suggested increased intrarenal vascular resistance
corresponding to diabetic nephropathy.

Association between high Renal Resistive Index (RI >
0.7) and biochemistry positive diabetic nephropathy was also
very significant with raised values being found in 42 out of 47
biochemically proven cases.

Figure 3 shows Intra-renal RI had high sensitivity and
specificity 90%, 70%. Overall accuracy was 87% while
the positive predictive value, and hence the reliability for
identifying diabetic nephropathy, was high 93%.

Discussion

Diagnostic performance of intrarenal resistive index in
detection of diabetic nephropathy. Dominant bilateral RI
>(0.70 were found in most patients, significantly associated
with biochemical markers of nephropathy 89.4%. The
specificity and sensitivity of the test was found to be 70%,
and 90% respectively, with overall accuracy of 87%.
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Our results are in agreement with previous studies that
found elevated RI values in diabetic patients with nephropathy
[7,12]. D’Souza et al. [12] and Khairallah et al. [7] also
observed high accuracy at comparable RlIs cut-off. These
findings lend support to the potential of RI for diagnosing
early renal damage, which may precede overt biochemical
abnormalities, as has been suggested [9,10].

The higher RI reflects the greater intrarenal vascular
resistance associated with diabetic microangiopathy and
systemic arterial stiffness [2,5]. This accounts for its
relationship with established diabetes and early nephropathy.
Other studies have described relationships of RI with
albuminuria and decreased eGFR, indicating that it has a
clinical basis [6].

Doppler ultrasonography has major advantages; it is non-
invasive, inexpensive and may detect preclinical vascular
changes [11,13]. This is particularly useful in resource-poor
settings where routine biochemical monitoring may be
challenging. The higher prevalence of nephropathy among
men 88.9% observed in the present study would suggest that
substantially higher vascular risk is associated, as previously
reported.

However, some limitations exist. Being a cross-sectional
study, it is not possible to infer causation. Moderate
specificity 70% could indicate false positives, since a rise
in RI is described as hypertension or arteriosclerosis [10,3].
The small single-center sample and arbitrary cut-off of Rls
may also limit generalization [4,8].

However, the high degree of diagnostic agreement
between Doppler and biochemical evidence does in turn
reinforce the validity of our findings. Larger, multicenter,
long-term prospective studies are necessary to confirm the
prognostic value of RI and in its follow-up [1].
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Figure 3: Distribution of the diagnostic performance of intra-renal resistive index in diagnosing diabetic nephropathy (n = 57)
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Conclusion

The intrarenal resistive index estimated by Doppler
ultrasonography is sensitive and specific enough for
early diagnosis of diabetic nephropathy. It is a reliable,
inexpensive and non-invasive technique that adds value to
the biochemistry of diabetic patients.
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