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Review Article

The renal resistive index as a new complementary tool to predict
microvascular diabetic complications in children and adolescents:
a groundbreaking finding
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Abstract: The increasing prevalence of type 1 diabetes mellitus (DM) has made it necessary to have new
markers for early detection of diabetic nephropathy. Renal resistive index (RI) by using renal Doppler can be
a helpful tool in detecting functional alterations in renal hemodynamics. This study was conducted on 100
children and adolescents with type 1 DM. They were further subdivided into two equal subgroups: group
1 with type 1 DM and normo-albuminuria [urinary albumin excretion (UAE) <30 mg/24 hours], and group
2 with type 1 DM and hyper-albuminuria (increased UAE >30 mg/24 hours). There were 37 males (37%)
and 63 females (63%); their mean ages were 13.6+2.53 (range, 10-19) years and mean disease duration was
8.867+2.260 (range, 5—13) years. Progressive increase in RI was significantly associated with increased disease
duration more than 10 years, elevated serum HbAlc more than 7.5% and early pubertal stages. While not
significantly related to sex, weight, height, blood pressure or serum lipid profile, diabetic micro-vascular
complications (nephropathy and sensory neuropathy) were more prevalent among patients with RI more
than 0.58. Renal RI could be a useful complementary test for the evaluation of functional alterations in renal

hemodynamics in the early stages of diabetic nephropathy.
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Introduction diabetes, particularly those with marked proteinuria (4).

. . . . . Increased renal arterial resistance is associated with
Diabetes is the third most common chronic condition in

childhood and poor glycemic control leads to serious short- various types of chronic renal parenchymal diseases. A

resistance index (RI) >0.8 predicts deterioration in renal

term and life-limiting long-term complications (1). Diabetes
function in diabetic patients (5). RI reflects the vascular flow

is a strong risk factor for arteriosclerosis, which is systemic

in nature and may affect arteries of different sizes (2). resistance in the small arteries, arterioles and capillaries in

Diabetic nephropathy, which is micro-vascular in nature, is the renal parenchyma. The non-specific scarring process

widely considered an important complication of diabetes (3).
It is the leading cause of kidney disease in patients starting
renal replacement therapy and affects nearly 40% of type 1
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characterized by interstitial fibrosis, loss of capillaries
and glomeruli can lead to the reduced number of intra-

renal vessels and filtration area, hence leading to increased
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parenchymal vascular resistance. Additionally, diabetic
glomerulopathy, arteriosclerotic and tubulointerstitial
lesions often occur, which can contribute to intra-renal
resistance (6).

Diabetic microvascular complications are often
asymptomatic during their early stages, and once symptoms
develop, they may be reversible. Therefore, early screening
is paramount. Renewed attention has been given to RI to
detect early renal impairment (7). Ultrasound is a readily
available safe and non-invasive tool. It lacks the risk of
ionization radiation of CT and plain radiology, nor does
it have the contraindications of cardiac pacemakers and
metallic implants in MRI. Color and power Doppler (PD)
add essential data about the related vascular structures.
Another benefit of US is that it is done in real time, which
aids the radiologist to compare with the opposite side.
Doppler ultrasound (US) measurement of the resistive
index (RI) has become integral to US assessment of the
kidneys in many situations (8). Several studies have shown
that a normal mean renal RI is approximately 0.60 (9).
The RI has been shown to change with a wide range of
both intrinsic and extrinsic factors of reno-vascular kidney
diseases and serves as a simple and sensitive indicator of a
renal abnormality. RI can be calculated using the formula:
[peak systolic velocity-end diastolic velocity]/peak systolic
velocity (10).

Our study is designed to assess the intra-renal (RI) in
children and adolescents with type 1 diabetes mellitus (DM)
and its relationship to diabetic microvascular complications
(nephropathy, retinopathy and sensory neuropathy), as well
as to various clinical and laboratory parameters of diabetes.

Methods

This is a case control study conducted on 100 children and
adolescents with type 1 DM. They were recruited randomly
from regular attendants of Pediatric Diabetes Clinic,
Children’s Hospital, Radio diagnostic Department, Ain
Shams University in the period from July 2017 to October
2018. The study was approved by the local research
ethical committee at the Facility of Medicine, Ain Shams
University. These patients were further subdivided into two
subgroups: Group 1, adolescents with typel DM without
micro-albuminuria (N=50); and Group 2, adolescents with
typel DM and positive micro-albuminuria (N=50).

There were 37 males and 63 females, with mean ages of
13.6£2.53 (range, 10-19) years and mean disease duration
of 8.867+2.260 (range, 5-13) years.
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Fifty age and sex matched healthy individuals (with
no history or clinical evidence of DM, hypertension, and
cardiovascular disease) served as a control group. These
included 27 males and 23 females, whose mean age was
13.48+2.29 (range, 10-18) years.

The present study showed that there is no significant
difference between diabetic patients and controls regarding
weight and height standards for age.

Inclusion criteria

(I) Age more than 10 years old;
(I) diabetes duration more than 5 years;
(III) patients receiving regular insulin therapy.

Exclusion criteria

() Known history of renal artery stenosis: defined as a
50% or more reduction in luminal diameter of the
renal artery;

(II) patients with evidence of hydronephrosis with signs or
symptoms of urinary tract infection.

All individuals were subjected to detailed bistory taking
and clinical exam which included

General examination:

(I)  Weight was measured to the nearest 0.1 kg without
shoes;

(II) Height was measured to the nearest 0.1 cm with
the subject in the erect position, with his or her
head in the Frankfurt horizontal plane;

(III) Body mass index (BMI) was then calculated as a
percentage of: Weight (kg)/Height (m?);

(IV) The results were plotted against growth chart
percentiles and standard deviation curves for age
and sex (11);

(V) Pubertal staging was performed using Tanner
maturity scale;

(VI) Patients were classified accordingly into three
groups: Pre-pubertal: Tanner Stage 1, Early
pubertal: Tanner Stage 2,3 and Late pubertal:
Tanner Stage 4,5;

(VII) Blood pressure assessment was plotted against age
and sex percentiles.

Laboratory investigations included fasting Lipid profile:

i.e., serum total cholesterol: total cholesterol was assayed on
the Synchron CX-9 system auto-analyzer using cholesterol
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esterase reaction applying a timed end-point method (11),
Triglycerides (T'G) assay (12), High Density Lipoproteins
Cholesterol (HDL-C) (13), Low Density Lipoproteins
Cholesterol (LDL-C). The LDL-C value was calculated
according to Friedwald equation: LDL-C = T-cholesterol.
The mean glycosylated hemoglobin (HbA1C%), was carried
out according to micro-chromatographic assay method (14),
mean Random blood sugar and urinary albumin excretion
(UAE) was measured using immune turbidimetric methods.
This was used to assess the presence of nephropathy.
Patients who had UAE more than 30 mg/24 hours were
defined as having micro-albuminuria (4).

Technique of ultrasound examination: duplex Doppler
ultrasonography was performed on all subjects per protocol,
by well trained staff. All measurements were made after an
overnight fast in supine position at the end of inspiration.
Images were obtained with a duplex Doppler (Philips HD
and Esaste mg lab 60 US machines) with a 5-MHz convex
array probe in both real time 1 color-coded Doppler and
pulse Doppler modes. The ultrasound probe was positioned
gently on the flank in oblique projection, and the kidney
was visualized as a longitudinal image. A Doppler beam
was replaced on the main track of the renal arteries. RI was
calculated by the built-in software as follows:

RI = peak systolic velocity-end-diastolic velocity/peak
systolic velocity (9).

Data management and analysis

Data were collected, revised, coded and entered to the
Statistical Package for Social Science (IBM SPSS) version
20. Descriptive statistics were done for: (I) numerical
parametric data as: mean # standard deviation (SD) together
with minimum and maximum range; (II) categorical data
as: frequency and percentage of non-numerical data were
performed.

Analytical statistics were performed as follows: the
comparison between the two groups with qualitative data
were done by using Chi-square test and/or Fisher exact
test was used instead of Chi-square test when the expected
count in any cell was found less than 5. The comparison
between two independent groups with quantitative data and
parametric distribution was done by using independent #-test.

The comparison between more than two independent
groups with quantitative data and parametric distribution was
done by using One Way Analysis of Variance (ANOVA) test
followed by Post Hoc tests when the results were significant.
The non-parametric data were compared using Kruskall-
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Wallis test followed by Mann-Whitney test when the results
were significant. Spearman correlation coefficients were used
to assess the relation between two studied parameters in the
same group. Receiver operating characteristic curve (ROC)
was used to assess the best cut off point with sensitivity,
specificity, positive predictive value (PPV) and negative
predictive value (NPV) (Tible ). Logistic regression was used
to assess the independent predictors of mean renal RI. The
confidence interval was set to 95% and the margin of error
accepted was set to 5%. So, the P value was considered =+
significant as the following: P>0.05: non-significant; P<0.05:
significant; P<0.01: highly significant.

Results

This is a case control study conducted on 100 children and
adolescents with type 1 DM. They were recruited randomly
from regular attendants of Pediatric Diabetes Clinic,
Children’s Hospital, Ain Shams University in the period
from July 2017 to October 2018 as well as 50 age and sex
matched healthy controls. Most of the patients’ systolic and
diastolic blood pressure was between 5"-75" percentiles but
none of them exceeded the 90" percentile.

Our data showed that there was no significant difference
between diabetic patients without micro-albuminuria and
those with micro-albuminuria with regards to demographic
and anthropometric characteristics and the disease
duration. However, there is a significant difference in
systolic blood pressure between the two groups regarding
the blood pressure being higher in patients with micro-
albuminuria. There was no significant difference in disease
duration, frequency of monitoring per day and frequency
of hospitalization since diagnosis between diabetic patients
without micro-albuminuria (group 1A) and patients with
micro-albuminuria (group 1B) (Figure I). Our data showed
that there is no significant difference between diabetic
patients without micro-albuminuria and those with micro-
albuminuria in regards to anthropometric measurements
and blood pressure across the centiles, apart from the height
being lower in patients with micro-albuminuria (P<0.01). It
also showed that there was no significant difference among
different stages of puberty and the two studied groups
(Figure 2). However, there is a significant relation between
the mean renal RI and different stages of puberty being
higher in early and late pubertal stages (P<0.05). There is a
significant difference between diabetic patients without and
with micro-albuminuria and controls with serum (HDL)

and (HbAIC) levels being higher in the second group.
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Figure 1 Comparison between patients without micro-albuminuria
(group IA) and those with micro-albuminuria (group IB) regarding

right, left and mean renal resistive index.
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Figure 2 Relation between the mean renal resistive index (RI) and
different stages of puberty of diabetic patients.

A significant difference between patients without micro-
albuminuria (group IA) and those with micro-albuminuria
(group IB) regarding the mean renal RI (P<0.01) was detected
as well (Figures 3,4). No significant correlation was found
between RI and the studied parameters in group IA and IB
apart from HbAlc, insulin dose and serum triglycerides in
micro-albuminuric patients (P<0.005, <0.005 and <0.001)
respectively. There was a significant difference in measured
serum HbAlc, monitoring frequency per day, occurrence of
retinopathy and peripheral neuropathy in at different values
of renal RI (P<0.01). There was a significant association
between the occurrence of peripheral neuropathy in diabetic
patients and increased mean renal RI (P<0.05).
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Figure 3 ROC curve showing the discriminative point of
differentiation of renal resistive index between diabetic patients

without and with micro-albuminuria.
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Figure 4 Comparison between the study subjects regarding serum
HbAIc¢ and frequency of monitoring at different categories of renal
resistive index.

lllustrative cases

Case 1

A 13-year-old female patient with type 1 DM left resistive
index of 0.59 and right resistive index of 0.62 (Figure 5).
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Figure 6 Renal Doppler ultrasound examination. (A) Left resistive index of 0.58; (B) right resistive index of 0.66.

Case 2

A 16-year-old male patient with type 1 DM left resistive
index of 0.58 and right resistive index of 0.66 (Figure 6).

Case 3

An 18-year-old female patient with type 1 DM left
resistive index of 0.74 and right resistive index of 0.58

(Figure 7).
Case 4

A 15-year-old female patient with type 1 DM left resistive
index of 0.73 and right resistive index of 0.86 (Figure 8).

© Annals of Translational Medicine. All rights reserved.

Discussion

Diabetic nephropathy is a chronic, progressive renal disease
with high morbidity and mortality rates. It is characterized
by an early elevation of arterial blood pressure, increasing
albuminuria and decline in glomerular filtration rate
(GFR) of approximately 10 to 12 mL/min/year, as well as
an extremely high risk of cardiovascular disease, especially
without the appropriate antihypertensive treatment (15).
Elevated blood pressure and alterations in circadian rhythm
are common findings in patients with type 1 DM and
have been associated with the risk of developing vascular
complications (16). Therefore, our study aimed to assess
the intra-renal arterial resistance RI in children and
adolescents with type 1 DM and its relationship to diabetic
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Figure 8 Renal Doppler ultrasound examination. (A) Left resistive index of 0.73; (B) right resistive index of 0.86.

microvascular complications (nephropathy, retinopathy
and sensory neuropathy) as well as to various clinical and
laboratory parameters of diabetes.

Our results showed that the systolic blood pressure is
higher in patients with micro-albuminuria with a mean
value of (106.88+5.48 vs. 104.12+5.54 respectively, P=0.047).
Most of our patients’ systolic and diastolic blood pressure
lies in the zone between 5"-75" percentile, but none of
them exceeded the 90" percentile which may be attributed
to their use of angiotensin converting enzymes inhibitors
(ACE-I).

Marcovecchio et al. found that elevated systolic and
diastolic blood pressures were independently associated
with microalbuminuria in type 1 diabetic patients (16). Our
study showed that there is no significant difference between
diabetic patients and controls regarding weight and height
standards for age and BMI. Previous studies carried out in the

© Annals of Translational Medicine. All rights reserved.

UK revealed a relationship between younger age of diagnosis
and increased BMI (17). In the past, the Doppler resistive
index has demonstrated no significant difference between
diabetic patients and control groups regarding BMI (18).
Dyslipidemia was identified in 28% of type 1 diabetic
subjects in a cohort study in a Spanish population (19). Fifty-
eight percent of type 1 diabetic patients were found to be
hyperlipidemic (20).

Our study showed that that there is no significant
difference in the serum lipid profile apart from serum
triglycerides between patients and controls (P<0.05) (Figure 9).
Furthermore, the serum HDL was found to be higher in
diabetic patients without micro-albuminuria than those with
micro-albuminuria with a significant difference (P<0.05).

Margeisdottir et al. reported that the mean value of
total cholesterol and LDL were significantly higher in
diabetics as a whole compared to the controls (21). Long-
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Figure 9 Correlation between the serum triglycerides with mean

renal resistive index (RI) in diabetic patients.
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Figure 10 Relation between mean renal resistive index and serum
glycated hemoglobin (HbAlc) at a predictive value of 7.5%.

term glycemic control is the most common factor for
the development and severity of complications in type
1 DM, where a 10% reduction of the risk to develop
microalbuminuria was found following intensified treatment
and achieving better glycemic control (22).

Our study showed that diabetic patients with micro-
albuminuria had a significant correlation with increased
serum HbAlc (P<0.05) (Figure 10). Furthermore, patients
with poor metabolic control defined as HbAlc more than
7.5% showed significant positive correlation with increased
UAE and renal resistive index (P<0.01). Our results parallel
the results shown by Klemens ez /. in a study which
included 27,805 children, adolescents, and adults with type

© Annals of Translational Medicine. All rights reserved.
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Figure 11 Relation between mean renal resistive index and disease

duration at a predictive value of 10 years.

1 diabetes. He found that micro-albuminuria was associated
with a higher HbAlc (23).

In our study, we tried to find possible contributing
factors for the development of micro-albuminuria in type 1
DM. Hence, correlations between micro-albuminuria and
different clinical as well as biochemical parameters in each
patients group were studied to show that there is a positive
significance between increased UAE and weight, height,
systolic blood pressure percentiles and puberty staging
(P<0.005). We found that there was a significant positive
correlation between the duration of diabetes and increased
UAE, especially at a duration more than 10 years (P=0.04)
(Figure 11). This was in parallel to the results reported by
Chowta er 4l. in 2009, who showed a statistically significant
linear relationship of degree of albuminuria with age (24).
Earlier studies have shown positive correlation of micro-
albuminuria with age and disease duration (25).

Bluestone ez al. postulated that the duration of diabetes
is one of the most important risk factors for diabetic
nephropathy. The influence of duration is far greater than
that of age, sex, or type of diabetes (26). There was no
significant sex difference in relation to the development
of microalbuminuria in our study. This is in accord with
Hovind er /. who found that no link between sex and
micro-albuminuria, but he found a sex difference regarding
micro-albuminuria which was higher in male subjects (27).

Puberty has been recognized as a major risk factor
for the development of micro-angiopathy in children
with diabetes, although it is not necessarily associated
with the progression to frank proteinuria. It accelerates
microvascular complications of diabetes, but prepubertal
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Page 8 of 11

Table 1 Renal resistive index statistical analysis

Maksoud et al. The prognostic role of renal Rl in diabetes

Cut off point AUC, % Sensitivity, %

Specificity, % +PV, % -PV, %

0.58 69.0 60.0

72.9 69.8 63.6

From the above results, we found that the best cut off value of renal resistive index between diabetic patients without micro-albuminuria
and those with micro-albuminuria was >0.58 with sensitivity of 60.0%, specificity of 72.9%, PPV =69.8% and NPV =63.6%.

years of hyperglycemia appear to contribute to its
development (28). In our study, we found that there is a
significant positive correlation between increased micro-
albuminuria and different stages of puberty being the
highest in early pubertal stage (P<0.05). We also found that
the patients with micro-albuminuria had a higher frequency
of complications compared to their normo-albuminuric
peers but the difference between them was not statistically
significant. However, we found these diabetic complications
(peripheral neuropathy) were associated with increased
renal RI (RI =0.60+0.05 vs. 0.57+0.03, P<0.01) (Figure 2).

Girach and Vignati in 2006 showed that significant
associations have been reported between the different
microvascular complications of diabetes, so that patients
with one complication often develop a second one,
suggesting common risk factors and/or pathogenetic
mechanisms (29).

Doppler ultrasonography seems to be a reliable method
for renal explorations by providing not only morphological
but also physiological data with the perfusion study. The
Doppler RI [(peak systolic velocity-peak diastolic velocity)/
peak systolic velocity] has been used as a useful parameter
for quantifying the alteration in renal blood flow that may
occur with renal disease. It reflects intra-renal vascular
resistance, which is markedly linked to vascular compliance.
Early changes in renal hemodynamics are detectable on
Doppler sonography in children with diabetes without any
evidence of renal dysfunction and may suggest a preclinical
stage of diabetic nephropathy (30).

Elevated RIs were reported with vascular-interstitial
disease, including diabetic nephropathy (but not
glomerulopathies). This may be due to the decreased tissue
and vascular compliance and to the increased renal vascular
resistance (9).

Elevated Rls have a strong correlation with glycosylated
hemoglobin and the duration of diabetes, which reinforces
the importance of tight diabetic control to prevent, or
delay, renal complications (31). Fallah ez a/. showed that RI
patients with macro-albuminuria, compared to RI in these
patients without albuminuria or with microalbuminuria and
that RI was correlated directly with creatinine and GFR

© Annals of Translational Medicine. All rights reserved.

and indirectly with degree of proteinuria (32). Increased RI
correlates with decreased intra-renal vessel area. Yamaguchi
et al. showed rapidly rising RI rate in diabetics regardless of
the renal function as compared to non-diabetics, regardless
of the albuminuria. In the presence of chronic kidney
disease RI is higher in diabetics when compared to non-
diabetics with the same level of renal dysfunction (33).

Early functional and structural abnormalities which occur
after a few years of diabetes might be responsible for the
precocious alteration in renal hemodynamics, and this might
be reflected in increased RI. Nonetheless, only a few studies
describing the application of Doppler Ultra-sonography in
the evaluation of intra-renal hemodynamic abnormalities in
diabetic nephropathy have been published, and most of them
were performed in adults with type 1 DM (34).

Several studies have shown that a normal mean renal
RI ranges from 0.50 to 0.64+0.05 (35). Furthermore, on
the basis of previous studies, intra-renal RI of 0.53 was
considered as a threshold value being indicative of increased
renal vasoconstriction (36).

Our study showed that micro-albuminuric patients had
the highest mean of RI with a value of 0.59, the mean non
albuminuric patients was 0.56 while the control group had
the least value of 0.54, and the RI for left renal arteries
were higher than that on the right side with statistically
significant difference (P value <0.05) (Figure I).

In a comparison done between the patients and
the control group, analysis of the receiver operating
characteristic (ROC) curve was used to detect a cut off
for the mean RI value to discriminate between the two
groups showed that value of mean RI >0.53 with sensitivity
=83.67%, specificity =44.9%, PPV =75.2%, NPVs =57.9%.
At this cut off level of mean RI (0.53), we found that none
of the clinical parameters or the laboratory investigations
showed a PPV to renal resistive index.

Comparatively, analysis of the Receiver Operating V
that value of mean RI >0.53 with sensitivity =83.67%,
specificity =44.9%, PPV =75.2%, NPVs =57.9%. These
results are parallel are to those found by Savino ez 4., who
found that RI was significantly elevated in diabetic children
when compared to normal healthy children (0.64£0.03 vs.
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0.60+0.04, P=0.035) (37).

Our study promises to form the basis of understanding
and intervention to preserve and reverse end-organ damage
in DM. Renal RI in hemodynamic terms represents renal
flow reserve and is a reflection of endothelial function
and arterial stiffness. This can be used to assess the effect
of pharmacologic intervention in the diabetic control
and disease process and its beneficial effects on systemic
and renal vasculature (37). RI appears to be a measure of
tubulointerstitial injury and appears to be a strong correlate
of renal function and long-term prognosis (38).

Conclusions

Correlations between renal RI and different clinical and
biochemical parameters in each patients group were studied
in a trial to find out possible contributing factors for
increased renal resistive index in type 1 DM. Results showed
that RI is correlated positively at a duration above 10 years
(P<0.001), HbAlc at a level above 7.5 mg/dL (P<0.01) and
serum triglycerides level (r=0.46, P<0.01). Meanwhile, renal
RI was not significantly correlated to age, BMI, serum lipid
profile or other studied parameters (P value >0.05).

Diabetic micro-vascular complications (nephropathy and
sensory neuropathy) were more prevalent among patients
with RI more than 0.58 (P<0.001). Significant increase in RI
was detected among patients with neuropathy (P<0.05). We
also found the stage of puberty affects the RI of the renal
vessels as RI was higher in early and late pubertal stages
of diabetic patients with a significant statistical difference
(P<0.01).

The current study may suggest the use of renal resistive
index (RI) as a useful complementary test for the evaluation
of functional alterations in renal hemodynamics in early
stages of diabetic nephropathy and possible concurrent
microvascular diabetic complications.

Recommendations and future perspectives

Routine monitoring of micro-albuminuria as an early
predictor of diabetic nephropathy in type 1-DM
patients after 5 years from the start of insulin therapy
is recommended. It is imperative that we teach our
patients about the importance of regular screening for
albuminuria. Good glycemic control and routine screening
for hypertension in all diabetic patients is highly advised.
Larger prospective studies with extended follow up are
further required to verify these results and validate the

© Annals of Translational Medicine. All rights reserved.
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role of renal RI for early detection of possible diabetic
nephropathy.
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