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ABSTRACT

Diabetes mellitus is the most common chronic disorder of carbohydrate metabolism, which leads to pro-
gressive atherosclerosis and failure of multiple internal organs, which in turn results in an early and severe 
disability. Diabetic nephropathy is one of the main microvascular complications of this disease. The article 
explores the usefulness of abdominal Doppler ultrasonography to validate the early changes of renal hemo-
dynamics in patients with diabetes mellitus. 
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INTRODUCTION
Diabetes mellitus is the most common chronic 

disorder of carbohydrate metabolism. Its character-
istic traits increased levels of blood sugar due to ab-
normal insulin secretion or function.

Diabetic nephropathy (DN) is one of the main 
microvascular complications of this disease. Dia-
betic glomerulosclerosis, a specific glomerulopa-
thy, which develops during a long-term DN type 1 
and 2, which in turn develops into different levels 
of proteinuria and a progressive damage of the kid-
ney function. The syndrome was first described by 
Kimmelstiеl and Wilson in 1936 after the introduc-
tion of insulin and the increase of the actual survival 

rate of diabetics. In Bulgaria there are 550 000 peo-
ple with diabetes mellitus, 20-40% of which also have 
DN. DN is the leading reason for end-stage renal dis-
ease (ESRD) (1).

Diabetes mellitus is a risk factor for cardiovas-
cular disease. Around 20-25% of the patients with 
heart failure are diabetics (2,3). Failure in the renal 
hemodynamics can lead to progressive deteriora-
tion of the heart function, to the so-called cardiore-
nal syndrome (CRS). It was described in 2004 and 
showed the complicated relationship between the 
kidneys and the heart.

Albuminuria is an early marker for renal dys-
function and a predictor of the presence of unwant-
ed life-threatening events. That is why the early diag-
nostics of DN will decrease the risk of cardiovascular 
disease and mortality.

Characteristics and Phases of DN
The blood-urine barrier has three layers. It con-

sists of the fenestrated endothelium of glomerular 
capillaries, basal membrane and podocytes (type of 
epithelial cells), which are using their foot processes 
to attach to the basal membrane. The foot processes 
from one podocyte intertwine with the foot process-
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the occurrence of lethal cardiovascular events. It is 
known that patients with DN are rarely treated with 
kidney biopsy. It is needed in the cases where there is 
a presence of increasing proteinuria, short-term dia-
betes mellitus, lack of retinopathy. In all other cases 
the diagnosis is based on anamnestic and laboratory 
data (6). Diabetic kidney disease is observed in pa-
tients with diabetes mellitus of more than 10 years, 
bad glycemic control, presence of diabetic retinopa-
thy, microalbuminuria, poor urinal sediment, sono-
graphic results suggesting nephromegaly, thickened 
kidney parenchyma, increased echogenicity 1st-2nd 
degree. That is why the introduction in clinical prac-
tice of non-invasive and harmless methods could 
help early diagnostics of the disruptions of the renal 
hemodynamics for patients with diabetes mellitus.

Abdominal Doppler Ultrasonography – Char-
acteristics and Application

Abdominal ultrasound is a first-choice method 
for examination of patients with diabetic nephropa-
thy. It has many advantages compared to other in-
strumental methods. It is non-invasive, harmless and 
easily accessible. It can be applied on patients with 
different stages of renal diseases and it is not related 
to exposure to ionizing radiation. The introduction 
of Doppler techniques is taking the ultrasonography 
test to a higher level and makes it a reliable and in-
formative method in angiology. The use of Doppler 
ultrasound and, more specifically, the test of the im-
pedance indices provide us with the opportunity to 
detect changes in the peripheral vascular resistance. 

The Resistivity index (RI) and the Pulsatility 
index (PI) show the vascular resistance and are de-
pendent on both diastolic and systolic blood veloc-
ity (7).

Resistivity index /RI/= Peak systolic veloc-
ity (Vp) - End diastolic velocity (Vd)/Peak systolic 
velocity

Pulsatility index /PI/ = Peak systolic velocity 
(Vp) - End diastolic velocity (Vd)/Mean velocity

Here is what is considered to be normal values 
for each of the parameters above: 

RI: 0.56 to 0.7;PI: 0.7 to 1.4; Vp: 30 to 140 cm/
sec; Vd: 18 to 22 cm/sec. 

Identifying RI has become a routine practice 
in diagnostics procedures. The examination is per-
formed on an empty stomach. The patient should 

es of the neighboring podocyte. In-between the foot 
processes are the so-called slit diaphragms. This bar-
rier allows the filtration of the liquids from the capil-
laries to the Bowmaǹ s space by constraining the fil-
tration of the big plasma molecules such as proteins 
(e.g., albumin) (4). The foot processes of the podo-
cytes and the slit diaphragms are the thinnest strain-
er. Molecules with a relative weight of up to 100 000 
D can pass through them (Fig. 1) (5).

DN is a podocyte disease. It is known for having 
changes occurring in the foot processes of the podo-
cytes and the slit diaphragms that can only be ob-
served by electronic microscopy. 

There are 5 phases of diabetic nephropathy:
1.	 Glomerular hyperfiltration without any 

morphological kidney changes, lack of 
microalbuminuria;

2.	Early histological changes in the kidney, inter-
mittent microalbuminuria;

3.	 Persistent microalbuminuria;
4.	Proteinuria over 300 mg/L;
5.	 ESRD.

DN diagnostics are needed not only because 
they prove the kidney engagement in the patholog-
ical process, but also because DN is associated with 

Fig. 1. Electron micrographs showing a peripheral region  
of a glomerular capillary where filtration takes place.The 
filtration surface consists of the endothelium, which is in-
terrupted by fenestrae; the GBM; and the epithelial foot 
processes. The latter are attached to one another at their 

base by slit diaphragms. (Source: Farquhar MG. J Clin In-
vest. 2006; 116(8): 2090–3)
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not have had any gas-forming food the night before. 
Curvilinear transducer operating at 3.5-4.0 MHz is 
used. The right kidney is visualized by having the pa-
tient lie in a supine position. For the left kidney the 
patient must be in left side-up position. First, gray 
scale ultrasonography is done, followed by pulsed-
wave Doppler of the intrarenal artery. Finally, RI is 
measured. Three measurements are taken in the up-
per, mid and lower intrarenal arteries of each kidney. 
These three values are used to determine the average 
RI value (Fig. 2). During the  measurement of RI the 
patient must hold his breath.

Nephromegaly and hyperfiltration are observed 
in the early stages of DN. In 2013, Mancini et al. re-
ported that renal hypertrophy was present even in di-
abetic patients without proteinuria (9). Renal volume 
and RI values in patients with type 2 diabetes melli-
tus were significantly higher compared to the con-
trols. The authors indicated the potential role of RI in 
the early identification of morphologic and hemody-
namic renal changes in diabetic patients.

RI is a marker for endothelial dysfunction. Нigh 
RI>0.73 is associated with progression of DN (10).

Between 2011 and 2013, Shirin et al. tested 53 
patients with diabetes mellitus, at an average age of 
52.66±7.4 years (29 males and 24 females) (11). They 
found out that RI was significantly higher for pa-
tients, who have developed nephropathy and corre-
lated with the level of the serum creatinine and albu-
min in the urine. They recommend the use of RI in 

monitoring the chronic kidney disease. Nejad et al. 
studied 45 patients with type 2 diabetes mellitus and 
30 healthy controls in 2009 (12). Doppler ultrasound 
was performed for all patients and controls, and RI 
was measured. The patients were categorized into 3 
groups according to the severity of their nephropa-
thy based on the serum creatinine level and 24-hour 
urine protein. They concluded that RI increased with 
the progression of DN and can be a predictive mark-
er for renal impairment. Shaw et al. observed 60 pa-
tients with diabetes mellitus, type 2, between 2013 
and 2015 (13). First, kidneys were visualized with 

real-time B-mode scan and then intrarenal arter-
ies were examined by duplex Doppler ultrasound. 
Thickness, echogenicity of the kidney parenchyma 
and RI of interlobar arteries were examined. With 
18.2% of the patients it was proven that there was an 
increased echogenicity of the parenchyma of 1st-2nd 
degree. They also found out that RI had increased 
values even in patients with normal sonomorpholo-
gy of the parenchyma and that it increased with the 
increase of the albuminuria. Ishimura et al. exam-
ined 112 patients with diabetes mellitus type 2 (65 
men and 47 women, average age of 58±13) (14). They 
divided patients into four groups: group Iconsisted 
of patients with urinary albumin excretion (UAE) 
<20mcg/min (N=42), group II with UAE 20–200 
(N=28), group III with UAE>200 (N=25), and group 
IV with serum creatinine >1.5 mg/dL (N17) (Fig. 3, 
Fig. 4).

		  A.				          B.					     C.
Fig. 2. A. 61-year old patient with long-term diabetes mellitus, type 2, with coronary artery disease, asthma attacks, hy-
pertonic disease with good control of blood pressure and dyslipidemia; HbA1c-12.31%, eGFR /MDRD /- 105 mL/min, al-

bumin in a first morning fresh urine sample - 397 mg/L, and albumin/creatinine ratio in a first morning fresh urine 
sample - 90.39 g/mol. A. and B. Kidneys, two-sided with upper-limit size, echogenicity of the parenchyma 1st degree, 

thickness up to 2.1 cm. C. Pulsed-wave Doppler – increased impedance indices – RI=0.83, PI=2.28
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Ishimura et al.: Intrarenal vascular resistance 
in type II DM

The results showed significantly higher values 
of RI and PI where the diabetic nephropathy was at 
an advanced stage. They proved the positive correla-
tion between RI and intima-media thickness (IMT) 
of the carotid and femoral arteries examined using 
B-mode echography. These results demonstrate that 
in the patients with diabetes mellitus type 2, there are 
intrarenal hemodynamical dysfunctions, which are 
a result of the advancing atherosclerosis and endo-
thelial dysfunction. In 2012, Youssef et al. tested 25 
patients (15 females and 10 males) with T1-DM at a 
mean age of 10.8±2.2 years and duration of diabetes 
of 5±1.1 years (15). They reported a positive correla-
tion between the increase of RI and age, duration of 
disease, and levels of glycated hemoglobin and GFR 
in children with T1-DM. The authors concluded that 
RI was increased early in TI-DM, and it could be a 
predictor of DN. In 2017, Genov et al. reported a sig-

nificant increase of RI (>0.7) in patients with diabe-
tes mellitus, who were normotensive and with pro-
teinuria (16). They discovered a negative correlation 
between RI and glomerular filtration, and a posi-
tive correlation between serum creatinine and blood 
urea nitrogen. In other researches, the authors point 
out an increase of RI with diabetics before the oc-
currence of microalbuminuria (17). They also con-
sidered RI as a marker for endothelial dysfunction 
and increased vascular resistance. It was concluded 
it could identify patients with a high risk of develop-
ing DN. 

RI correlates with vascular resistance and the 
degree of the renal disease. It increases with all dif-
fusing parenchymal processes in the kidney, which 
are observed not only in DN, but also in hyperten-
sion, gout, chronic glomerulopathies, collagenas-
es, renal amyloidosis. However, the combination of 
nephromegaly, thickened renal parenchyma of over 
2.0 cm with B-mode scan, increased RI and PI levels, 
known improper control of long-term diabetes mel-
litus, diabetic retinopathy and the lack of erythrocy-
turia are pointing out towards DN.

CONCLUSION
Abdominal Doppler ultrasonography is able to 

identify early dysfunctions of the renal hemodynam-
ics inpatients with diabetic kidney disease. Imped-
ance indices (RI and PI) should be included in the di-
agnostic algorithm of DN, together with the already 
established markers for renal dysfunction in the clin-
ical practice such as serum creatinine, blood urea ni-
trogen, albuminuria, proteinuria and eGFR. RI and 
PI can be a useful tool for the doctor when it comes 
to prevention of micro- and macrovascular compli-
cations of diabetes mellitus. 
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