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Introduction

Macrovascular complications are well known in diabetes mellitus and diabetic nephropathy.
This work aimed to study the relation between resistivity index (RI) and pulsatility index (PI)
of the main renal and intrarenal arteries and the degree of albuminuria in diabetic patients.
Patients and methods

The study included 60 type 2 diabetic patients with more than 5-year duration of diabetes.
There were 14 male and 46 female patients. They were divided into three groups: group |
included patients with no albuminuria [albumin/creatinine ratio (ACR) in first voiding morning
urine sample <30 mg/g creatinine]; group Il included patients with microalbuminuria
(ACR: 30—-300 mg/g creatinine), and group lll included patients with macroalbuminuria (ACR:
=300 mg/g creatinine). Patients with fever, urinary tract infection, uncontrolled blood pressure,
congestive heart failure, critically ill patients, or patients having other renal disease were
excluded. All patients were subjected to measurement of ACR in the first voiding morning urine
sample, serum creatinine, estimated glomerular filtration rate using Cockroft-Gault formula,
and HbA1C. Rl and PI of main renal and intrarenal arteries were measured on both sides
using duplex Doppler ultrasonography

Results

Rl and PI of renal and intrarenal arteries were found to be significantly higher in group 1l
than in group Il and group |, with group Il patients having higher values compared with
group | (P < 0.001 for all). ACR was found to be positively correlated with Rl and PI of all
studied renal and intrarenal arteries (P < 0.001 for all).

Conclusion

In type 2 diabetes mellitus, Rl and PI of renal arteries on duplex Doppler ultrasonography
examination are related directly to the degree of albuminuria, which could serve as an indicator
to the degree of resistance in renal arteries.

Keywords:
albuminuria, diabetes, Doppler, pulsatility, resistivity

Kasr Al Ainy Med J 23:1-5
© 2017 Kasr Al Ainy Medical Journal
1687-4625

Introduction

with a faster decline in renal functions evaluated by
reciprocal serum creatinine [6]. In patients with renal

Diabetic nephropathy is responsible for 15-40%
of end-stage renal diseases (ESRD) [1]. Patients
with diabetic kidney disease have a high rate of
cardiovascular morbidity and mortality [2]. In addition
to typical changes of diabetic nephropathy, renal biopsy
lesions in type 2 diabetes showed arteriosclerotic
glomerulosclerosis  [3]. Hemodynamic alterations,
including  intraglomerular  hypertension, raised
renal vascular resistance, and the so-called ischemic
nephropathy are responsible for the discrepancy of
various stages of diabetic nephropathy [4]. Pulsatility
index (PI) and resistivity index (RI) of renal arteries
were found to correlate significantly with effective renal
plasma flow, renal vascular resistance, and the filtration
fraction in patients with chronic renal failure [5]. In
patients with ESRD, it was found that a PI higher
than 1.55 or RI higher than 0.75 was associated
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dysfunction secondary to type 2 diabetes mellitus, PI
and RI were significantly increased compared with
patients with nondiabetic renal disease [7]. Intrarenal
arterial resistance was found to play a nontrivial role in
deteriorating renal function in type 2 diabetic patients.
RI was found to be a noninvasive diagnostic procedure,
which strongly predicted the outcome of renal function
in type 2 diabetic patients, even when glomerular
filtration rate patterns were still normal [8]. RI was
significantly higher in patients with type 2 diabetes and

albuminuria than in patients without albuminuria [9].
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Both RI and PI could be used as sensitive indicators of
changes in intrarenal vascular flow, although RI may
have a small coefficient of variance and may be more
reproducible compared with PI [6]. The aim of this
work was to study the relation between RI and PI of
the main renal and intrarenal arteries and the degree of
albuminuria in type 2 diabetic patients.

Patients and methods

A total of 60 type 2 diabetic patients with a duration of
diabetes more than 5 years were included in the study.
They were randomly selected from Nephrology Clinic
andfrom Diabetesand EndocrinologyClinic,Kasralainy
Hospital, Faculty of Medicine, Cairo University, Egypt.
'The study was started after the approval of local ethical
committee of Faculty of Medicine, Cairo University.
Informed consent was obtained from each patient
before enrollment in the study. Patients were divided
according to urine albumin excretion rate presented by
albumin/creatinine ratio (ACR) in the first morning
voiding urine sample into three groups of 20 patients
each as follows: group I included patients with normal
ACR (<30 mg/g creatinine); group II included
patients with microalbuminuria (ACR: 30-300 mg/g
creatinine); and group III included patients with
macroalbuminuria (ACR: >300 mg/g creatinine).
The following patients were excluded by history and
examination: patients with uncontrolled hypertension,
those with cardiac failure, smokers, patients receiving
NSAID, patients suffering from acute or chronic
urinary tract infections, patients suffering any febrile
illness, critically ill patients, and patients with
nondiabetic renal disease. All patients were subjected
to measurement of serum creatinine and estimated
glomerular filtration rate (eGFR) evaluation using

Cockroft—Gault formula [10]:
eGFR (ml/ min) =
(140 —age) x lean body weight (kg)
Creatinine(mg / dl) x 72

Duplex and color-coded Doppler examination of both
renal and both intrarenal vessels was performed using
an ultrasound machine (HDI 5000, Philips, Philips
doppler ultrasound, Netherland, USA). The transducer
used is 3.5 MHz. Patients were examined after the
routine preparation for abdominal ultrasonography
(about 6 h — fasting, enema, and ingestion of charcoal).
They were scanned in the supine position, starting
with placing the transducer in the middle line at the
epigastrium and trying to get the best image of both
renal arteries in the sagittal and coronal planes. The
simplest way to identify both renal arteries is first to
identify the aorta in the epigastrium with the patient

supine, and then tilt the probe until the renal artery
appears on both sides of the aorta. This is performed to
assess the peak systolic velocity, end diastolic velocity,
RI, and the PI. The patient is then made to lie on each
side to assess the intrarenal vessels by detecting the
kidney and the intrarenal vessels to assess the renal
vascularity and to assess the peak systolic velocity, end
diastolic velocity, RI, and the PI.

Statistical analysis

The statistical analysis system (IBM SPSS version 17,
Chicago, Illinos, USA) was used for data management.
Data were summarized as mean and SD. Analysis of
variance test was used for comparison between groups.
Nonparametric tests were used when appropriate. The
x?-test was used for qualitative data. Fisher’s exact
test and Yates” corrected x* were computed for 2 x 2
tables. Pearson’s correlation was applied to detect the
relations between different parameters. Correlation
between different parameters was stratified according
to their value as follows: r < 0.25, weak correlation;
0.25< r 0.5, mild correlation; 0.5< » <0.75, moderate
correlation; and » > 0.75, strong correlation. All
reported P values were two-sided. P less than 0.05 is
considered significant.

Results

All three groups were matched as regards age, sex, and
BMI. All our patients were mildly obese and showed
poor diabetic control (Table 1).

Group IITI patients showed significantly higher RI and
PI of all arteries studied compared with group II and
group I, respectively. Moreover, all studied indices were
tfound to be significantly higher in group II than in
group I (Table 2).

Urinary albumin/creatinine was found to be positively
correlating with RI and PI of all arteries studied in a
significant relation (Figs. 1 and 2)

Discussion

Diabetic nephropathy is the most common cause of
ESRD in many countries that follows a well-defined
clinical course starting with microalbuminuria passing
through gross proteinuria and culminating into
end-stage renal failure. However, not all patients with
diabetic nephropathy progress through these stages.
Risk factors such as duration of diabetes mellitus,
tightness of glycemic control, and blood pressure are
implicated in the pathogenesis of diabetic nephropathy.
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Table 1 Demographic and laboratory data of studied groups

Group | Group Il Group Il P
Age (years) 51.8+4.008 55.65+7.2 54.15+6.8 0.15
Sex (n (%))
Male 6 (30) 4 (20) 4 (20) 0.7
Female 14 (70) 16 (80) 16 (80)
BMI (kg/m2) 32.9+5.0 32.3+5.6 32.9+5.6 0.92
Diabetic retinopathy (n (%))
Normal 16 (80.00) 14 (70.00) 5 (25.00) x?=14.126
P=0.001
NPDR 4 (20.00) 6 (30.00) 15 (75.00)
Diabetic neuropathy symptoms (n (%))
Positive 1(5) 10 (50) 9 (45) x?=10.950
P=0.004
Negative 19 (95) 10 (50) 11 (55)
HbA1C (%) 9.24+1.6 9.6+1.4 9.21+£1.2 0.6
Serum creatinine (mg/dl) 0.66+0.14 0.67+0.13 0.77+0.45 0.4
eGFR (ml/min/1.72 m?) 117.85+34.5 102.76+28.9 75.9+2.0 <0.001
Albumin/creatinine ratio (mg/g) 13.335+5.220 133.970+64.784 775.370+393.174 <0.001
eGFR, estimated glomerular filtration rate; HbA1C, glycated hemoglobin; NPDR, non proliferative diabetic retinopathy.
Table 2 Doppler indices of studied groups
Sites Doppler indices Group | Group Il Group IlI P
Right main artery RI 0.62+0.035 0.73+0.018 0.773+0.015 <0.001
Pl 1.16+0.08 1.4+0.05 1.46+0.03 <0.001
Left main artery RI 0.62+0.02 0.72+0.02 0.77+0.01 <0.001
PI 1.13+0.10 1.42+0.04 1.49+0.03 <0.001
Right intrarenal arteries RI 0.625+0.024 0.717+0.018 0.77+0.024 <0.001
PI 1.12+0.07 1.40+0.05 1.48+0.02 <0.001
Left intrarenal arteries RI 0.62+0.02 0.72+0.02 0.77+0.2 <0.001
PI 1.15+0.09 1.41+0.03 1.50+0.04 <0.001
P1, pulsatility index; RI, resistivity index.
Figure 1
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Figure 2
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Other less important risk factors are smoking,
dyslipidemia, and dietary factors [11].

This work aimed to study the relation between renal
duplex indices in the form of RI and PI of main renal
and intrarenal arteries on one side and the severity
of diabetic nephropathy presented by the degree of

albuminuria on the other.

In this study, our three groups were matched as regards
age. This is in agreement with findings of Fallah
et al. [12], who found no significant difference among
their patients as regards their age.

As regards BMI, a high BMI was associated with an
increased risk for chronic kidney disease among patients
with diabetes [13]. In addition, diet and weight loss
may reduce albuminuria and improve kidney function
among patients with diabetes [14]. BMI was identified
as an independent risk factor for albuminuria [15].
However, the contribution of obesity (or weight loss)
to the risk for nephropathy (independent of diabetes
and glycemic control) has not been convincingly
demonstrated in these studies. This study found that
there was no significant difference between the three
groups as regards BMI. These results are in agreement
with those of Fallah e7 a/. [12], who found no significant
difference between their three groups as regards BMI.

However, other studies found a significant correlation
between the progression of diabetic nephropathy and
BMI [16,17].

On continuity of describing biochemical profile,
assessment of serum creatinine and eGFR using
Cockroft—Gault formula was carried out. eGFR values
were found to have a significantly negative relationship
with ACR. Decreasing glomerular filtration rate occurs
with advancing stage of diabetes due to progressive
increase in albuminuria [18].

As regards comparison of RI and PI of main renal
and intrarenal arteries between studied groups, we
found significantly higher values in group III with
macroalbuminuria compared with group II patients
with microalbuminuria and group I patients without
albuminuria, with a significantly higher RI and PI
in group II compared with group I (P < 0.001). Our
results are comparable to a similar study conducted
by Mancini ez al. [19], who found that patients with
higher RI values had significantly greater proteinuria.
Similar results were also observed by Fallah e# a/. [12]
and Hamano ez a/. [9]. Masulli e a/. [20] found that
patients with RI greater than 0.73 had a significantly
higher baseline albumin excretion rate and a more
frequent progression of the albuminuric state compared
with patients with RI less than 0.73. However, Tsai
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et al. [21] failed to find similar differences in three
groups of adolescents and young adults with type 1
diabetes divided according to the degree of proteinuria
as regards RI of renal arteries.

A strong independent statistically significant
correlation was found between renal duplex indices
represented by RI on one hand and ACR on the other,
both in this study (P < 0.001) and in the study by
Hamano ez al. [9]. We also found positive correlations
between Rl in the intrarenal arteries and the ACR,
which was similar to that found by Saif ez al. [22].

According to these results, the degree of albuminuria
in type 2 diabetic patients could be an indicator
of resistance in renal arteries, with patients with a
higher degree of proteinuria having a higher degree of
resistance. This could add to the understanding of the
mechanism of hypertension and progression of renal
disease in those patients.

Financial support and sponsorship
Nil.

Conflicts of interest
There are no conflicts of interest.

References
1 Collins AJ, Foley RN, Herzog C, Chavers BM, Gilbertson D, Ishani A, et al.
Excerpts from the US renal data system 2009 annual data report. Am J
Kidney Dis 2010; 55(Suppl 1): S1-S420. A6—-A7
2 Palsson R, Patel UD. Cardiovascular complications of diabetic kidney
disease. Adv Chronic Kidney Dis 2014; 21:273-280.

3 Gambara V, Mecca G, Remuzzi G, Bertani T. Heterogeneous nature of
renal lesions in type Il diabetes. J Am Soc Nephrol 1993; 3:1458-1466.

4 Kramer HJ, Nguyen QD, Curhan G, Hsu CY. Renal insufficiency in the
absence of albuminuria and retinopathy among adults with type 2 diabetes
mellitus. JAMA 2003; 289:3273-3277.

5 Petersen LJ, Petersen JR, Ladefoged SD, Mehlsen J, Jensen HA. The
pulsatility index and the resistive index in renal arteries in patients with
hypertension and chronic renal failure. Nephrol Dial Transplant 1995;
10:2060-2064.

6 Petersen LJ, Petersen JR, Talleruphuus U, Ladefoged SD, Mehisen J,
Jensen HA. The pulsatility index and the resistive index in renal arteries.
Associations with long-term progression in chronic renal failure. Nephrol
Dial Transplant 1997; 12:1376—-1380.

7 Matsumoto N, Ishimura E, Taniwaki H, Emoto M, Shoji T, Kawagishi T,
et al. Diabetes mellitus worsens intrarenal hemodynamic abnormalities
in nondialyzed patients with chronic renal failure. Nephron 2000;
86:44-51.

8 Nosadini R, Velussi M, Brocco E, Abaterusso C, Carraro A, Piarulli F, et al.
Increased renal arterial resistance predicts the course of renal function in
type 2 diabetes with microalbuminuria. Diabetes 2006; 55:234—-239.

9 Hamano K, Nitta A, Ohtake T, Kobayashi S. Associations of renal vascular
resistance with albuminuria and other macroangiopathy in type 2 diabetic
patients. Diabetes Care 2008; 31:1853-1857.

10 Cockroft DW, Gault MH. Prediction of creatinine clearance from serum
creatinine. Nephron 1976; 16:31-41.

11 Gross JL, de Azevedo MJ, Silveiro SP, Canani LH, Caramori ML,
Zelmanovitz T. Diabetic nephropathy: diagnosis, prevention, and
treatment. Diabetes Care 2005; 28:164—-176.

12 Fallah M, Nafi si-Moghadam R, Nader nour M. Relationship between intra-
renal arterial resistance index (RI) and albuminuria in diabetic patients.
Iran J Diabet Obes 2012; 4:7-10.

13 De Boer IH, Sibley SD, Kestenbaum B, Sampson JN, Young B, Cleary PA,
et al. Diabetes Control and Complications Trial/Epidemiology of Diabetes
Interventions and Complications Study Research Group. Central obesity,
incident microalbuminuria, and change in creatinine clearance in the
epidemiology of diabetes interventions and complications study. J Am Soc
Nephrol 2007; 18:235-243.

14 Morales E, Valero MA, Le6n M, Hernandez E, Praga M. Beneficial
effects of weight loss in overweight patients with chronic proteinuric
nephropathies. Am J Kidney Dis 2003; 41:319-327.

15 Tapp RJ, Shaw JE, Zimmet PZ, Balkau B, Chadban SJ, Tonkin AM, et al.
Albuminuria is evident in the early stages of diabetes onset: results from
the Australian Diabetes, Obesity, and Lifestyle Study (AusDiab). Am J
Kidney Dis 2004; 44:792-798.

16 Boeri D, Derchi LE, Martinoli C, Simoni G, Sampietro L, Storace D, et al.
Intrarenal arteriosclerosis and impairment of kidney function in NIDDM
subjects. Diabetologia 1998; 41:121-124.

17 Lebovitz HE, Banerji MA. Treatment of insulin resistance in diabetes
mellitus. Eur J Pharmacol 2004; 490:135-146.

18 Afkarian M. Diabetic kidney disease in children and adolescents. Pediatr
Nephrol 2015; 30:65-74.

19 Mancini M, Masulli M, Liuzzi R, Mainenti PP, Ragucci M, Maurea S,
et al. Renal duplex sonographic evaluation of type 2 diabetic patients.
J Ultrasound Med 2013; 32:1033-1040.

20 Masulli M, Mancini M, Liuzzi R, Daniele S, Mainenti PP, Vergara E, et al.
Measurement of the intrarenal arterial resistance index for the identification
and prediction of diabetic nephropathy. Nutr Metab Cardiovasc Dis 2009;
19:358-364.

21 Tsai CW, Kuo CC, Wu CF, Chien KL, Wu VC, Chen MF, et al. Associations
of renal vascular resistance with albuminuria in adolescents and young
adults. Nephrol Dial Transplant 2011; 26:3943-3949.

22 Saif A, Soliman NA, Abdel-Hameed A. Early evaluation of renal

hemodynamic alterations in type | diabetes mellitus with duplex ultrasound.
Saudi J Kidney Dis Transpl 2010; 21:295-299.



