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Introduction
A series of article published during the past decade
indicated the potential of Doppler sonography for
improving the sonographic assessment of renal
dysfunction. Ultrasonic duplex scanning of the renal artery
is a non-invasive method for screening and diagnosis of
renovascular hypertension (1). This method may also be
useful for the evaluation of parenchymal renal damage
caused by hypertension, making use of flow velocities, the
resistive index and the pulsatility index (2).
Previous study have shown that the increased renal
resistive index (RRI) is associated with early signs of target
organ damage in essential hypertension and could be a
reliable marker of intrarenal moderate and severe vascular
damage (nephroarteriolosclerosis and atherosclerosis),
(3,4).
In the present study, we examined the relationship between
RRI and other markers of renal function in patients with
mild-to-moderate essential hypertension. In addition, we
assessed the relationship between RRI and hypertensive
end-organ damage, including electrocardiograms and
fundoscopic changes.

Study Design and Methods
In order to evaluate the importance of RRI as a predictor of
renal vascular and target organ damage in case of mild to
moderate essential hypertension, 40 untreated patients,

divided in two groups were examined: group 1, 18 men
(mean age 43.11±7.72), and group 2, 22 women (mean age
49.22±8.91). All patients underwent complete physical
examination and routine biochemical analyses. Creatinine,
blood urea nitrogen, uric acid, triglycerides, total and high
and low (LDL) density lipoprotein (HDL)-cholesterol, and
other standard biochemical evaluation were performed on
serum according to routine methods. Intrarenal RI values
were obtained using Color Duplex Doppler
echosonography from intraparenchimal arteries, either the
arcuate or interlobar arteries of both kidneys and mean
value was taken for analysis. We also studied the
relationship between RRI and other markers of renal
function and as well as evaluation of the presence and
extent of other kinds of hypertensive target organ damage
(fundoscopic and electrocardiograms changes). Body mass
index (BMI) was calculated using the formula:
BMI=weight (kg)/height (m2). Creatinine clearance was
calculated using Cocrof&Gold formula.
 Electrocardiograms and fundoscopy changes were
evaluated by conventional codex (ECG: 0-no abnormality,
1-levonetricular hypertrophy; 2-ST-T changes; fundoscopy:
0: no abnormality, 1: 1st degree and 2: 2nd degree of
hypertensive retinopathy by KWB).

         Table 1. Clinical characteristics of study patients
Men Range Women Range p

N 18 22
SBP, mmHg 162.11 ± 15.17 130-190 167.04± 16.80 140 - 210 N.S
DBP, mmHg 105.50 ± 5.06 100-115 106.50 ± 4.82 95 - 115 N.S
Age, years 43.11 ± 7.72 28-53 49.22 ± 8.91 29 - 64 0.01
BMI, kg/m2 28.32 ± 3.09 23-35.4 33.55 ± 5.04 21.60 - 40.7 0.000
Glucose/S, mmol/L 5.04 ± 0.75 3.4-6.3 5.57 ± 0.65 3.9 - 6.8 0.02
Uric acid/S, çmol/L 345.66 ± 109.1 170-543 296.63±78.70 211 - 492 N.S
BUN, mmol/L 6.52 ± 1.82 3.5-9.9 5.31 ± 1.49 2.8 - 8.6 0.03
Creatinine/S, çmol/L 89.27 ± 12.32 74-110 67.09 ± 2.90 48 - 98 N.S
Cr Clearance,ml/min* 114.77 ± 19.31 92-155 123.55 ± 0.98 72 - 179 N.S
Triglycerides 2.02 ± 1.13 0.90 – 4.6 1.82 ± 0.87 0.9 - 4.7 N.S
Total cholesterol 5.37±1.18 3.0-7.9 6.31 ± 0.81 5.2 - 8.8 0.003
LDL cholesterol 3.67 ± 0.74 2.3-5.4 4.27 ± 0.85 2.4 – 6.5 0.01
HDL cholesterol 0.99 ± 0.27 0.50-1.50 1.23 ± 0.30 0.8 – 2.1 0.01
RRI 0.61 ± 0.06 0.46-0.70 0.63 ± 0.04 0.55 – 0.72 N.S

         All data are presented as mean ±SEM. * Calculated using Cockroft’s formula.
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All data are expressed as means ±SEM. Differences
between variables were assessed using the appropriate
statistical tests based on the underlying distribution of the
variable. Differences between prevalence’s were assessed
by χ2  test or Fisher’s exact test as appropriate.

Results

Clinical characteristics of study patients are reported on
Table 1. All examined patients were over weighted:
BMI=28.32±3.09 for man and 33.55±5.4 for women. There
was no difference of blood pressure and RRI between the
groups. In 16 out of 40 patients (40%) increases of RRI
(>064) was found (Fig. 1).

                Figure.1: Renal Resistive Index  (>0.64) in examined patients

Figure 2 and 3 shows the relationship between RRI and
other types of hypertensive target organ damage. Namely,
the incidence of abnormal RRI was higher in hypertensive

patients with abnormal ECG than in those with normal
ECG (in 9 out of 16 (53.7%) of patients with increases RRI
have electrocardiograms hypertensive changes (Fig 2).

Figure 2. Hypertensive electrocardiograms changes in both groups
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 Also, abnormal RRI was more often found in patients with hypertensive damage on fundoscopy (Fig.3).

Figure 3.  Presence of fundus hypertonicus in relation to the level of the
Renal Resistive Index (Gr.I=RRI<064 and with Gr.II=RRI >064)
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No correlation between RRI and systolic (SBP) and
diastolic (DBP) blood pressure was found. RRI showed
significant correlation with mean arterial pressure (MAP),

p<0.019, using χ2-Fisher exact test), but not with other
investigated parameters (Fig.4).

Figure 4: Level of Mean Arterial Pressure in relation to the level of Renal Resistive Index (X2 test, p=0.019)

Significant correlation of SBP with age, serum uric acid,
cholesterol and electrocardiograms changes was found, but
not with RRI.

Discussion
Ultrasonic duplex scanning is an established method for

the diagnosis of renovascular hypertension (1). Thus, US
Doppler has proved to be a useful non-invasive tool for
evaluating renal vasculature in several different
pathological conditions such as acute renal failure, acute
and chronic renal graft rejection, diabetic nephropathy (5,
6).

A series of articles published during the past decade
indicated the potential of Doppler sonography for
improving the sonographyc assessment of renal
dysfunction. The Doppler RI (peak systolic velocity-end
diastolic velocity/peak systolic velocity) was advanced as a
useful parameter for quantifying the alteration in renal
blood flow that may occur with renal disease.

Several study have shown that a normal mean renal RI
is approximately 0.60. The largest series to data reported a
mean±SD RI of 0.60±0.01 for subjects without preexisting
renal disease. Three prior studies also reported normal
mean RI value of 0.64±0.05 (7). In general, most
sonographers now consider 0.70 to be the upper threshold
of the normal RI in adults. In our study we found the upper
normal limit of RRI to be 0.64.
An increase in the RRI has been reported to be related to
macro vascular arteriolar and glomerular sclerosis as well
as the presence and extent of interstitial damage in renal
parenchymal disease (8).

Increased renal resistance detected by ultrasound Doppler
has been reported in severe essential hypertension and
recently was shown to correlate with the degree and
duration of renal impairment in hypertensive patients with
chronic renal failure (5, 6). However, the
pathophysiological significance of these findings is still
controversial.
More recently, an increased RI has been reported to be
related to macro vascular atherosclerotic damage in
hypertensive diabetic patients, to increased BP and to
duration of disease in patients with essential hypertension,
suggesting that it could reflect intraparenchymal arteriolar
damage and could serve as a prognostic marker of
hypertensive renal injury (9, 10).
Pontremoli et all.(3) showed that the RRI positively
correlated with SBP and age as well as with signs of early
end organ damage, and negative correlation between RRI,
renal volume and diastolic BP. Renal vascular resistance is
significantly and independently influenced by age, gender,
urinary albumin excretion and systolic BP.
In our study no difference was found between RRI and
gender, RRI was not correlated with SBP, DBP and age.
RRI showed positively correlation with mean arterial
pressure, p<0.019, reported in previously studies (10, 11).
In the hypertensive patients RRI correlated with creatinine
clearance and BUN, but not with serum creatinine, and also
RRI increases in patients with hypertensive end organ
damage (4). In the present study, we found a higher
incidence of abnormal RRI in patients with moderate or
severe hypertensive retinopathy and ECG abnormalities.
Moreover, abnormal RRI was more frequently found in
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patients with diabetes than in those without. On the basis of
these finding, abnormal RRI appears to be associated with
multiple types of organ damage caused by hypertension,
further supporting the utility of RRI as an indicator of
target organ damage in essential hypertension (11).
The present study shows that increased Doppler renal RI is
associated with early hypertensive end organ damage,
namely electrocardiograms and fundoscopy changes in
patients with mild-to-moderate essential hypertension.

Conclusions
In opposite to previously presented findings, our results
suggested that RRI couldn’t be an early marker of renal
vascular damage in mild essential hypertension.
In addition, increased RRI may be associated with multiple
type of end-organ damage (such as fundoscopy and
electrocardiograms changes) and could be a reliable marker
for target organ damage and predictor of progression of
renal damage in patients with moderate to severe
hypertension according of severity, duration and treatment
of hypertension.
Thus, noninvasive evaluation of RRI may be useful for the
detection of earlier
target organ damage in mild to moderate essential
hypertension and renal atherosclerosis in patients with
moderate to severe hypertension.
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