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Ultrasound Doppler renal resistive index: a useful tool
for themanagement of the hypertensive patient
Francesca Viazzi, Giovanna Leoncini, Lorenzo E. Derchi, and Roberto Pontremoli
The Doppler-derived renal resistive index has been used for
years in a variety of clinical settings such as the assessment
of chronic renal allograft rejection, detection and
management of renal artery stenosis, evaluation of
progression risk in chronic kidney disease, differential
diagnosis in acute and chronic obstructive renal disease, and
more recently as a predictor of renal and global outcome in
the critically ill patient. More recently, evidence has been
accumulating showing that an increased renal resistive index
not only reflects changes in intrarenal perfusion but is also
related to systemic hemodynamics and the presence of
subclinical atherosclerosis, and may thus provide useful
prognostic information in patients with primary
hypertension. On the basis of these results, the evaluation of
renal resistive index has been proposed in the assessment
and management of patients with primary hypertension to
complement other signs of renal abnormalities.
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D
etection of target organ damage plays a key role
in the evaluation of overall risk, and therefore in
the management of patients with primary hyper-

tension. Looking for renal abnormalities such as increased
albuminuria or mild reduction in glomerular filtration
rate (GFR) has been proposed with growing emphasis
as the initial step in the evaluation of cardiovascular risk,
also thanks to its relatively low cost and feasibility [1].

Ultrasound and Doppler imaging has also traditionally
been used in the assessment of chronic renal disease.
Not only does Doppler ultrasonography detect renal
macroscopic vascular abnormalities but it also identifies
changes in blood flow at the microvascular level.
Evaluation of vascular impedance at different sites of the
renal parenchyma may suggest functional or structural
changes within the kidneys and could provide useful
diagnostic and prognostic information.

Although the functional and structural factors that
contribute to renal blood flow patterns and changes are
still not completely understood, intraparenchymal arterial
waveform is believed to be the result of both vascular
Copyright © Lippincott Williams & Wilkins. Unauth
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compliance and resistance. Doppler-derived indexes may
thus reflect one or more pathogenetic mechanisms such as
arteriolosclerosis and interstitial fibrosis, which contribute
to determining vascular distensibility [2].

Indeed, the Doppler-derived renal resistive index (RRI)
has been used for years in a variety of clinical settings such
as the assessment of chronic renal allograft rejection [3],
detection and management of renal artery stenosis [4,5],
evaluation of progression risk in chronic kidney disease
(CKD) [6], differential diagnosis in acute and chronic
obstructive renal disease, and more recently as a predictor
of renal and overall outcome in the critically ill patient [7,8].

Recent clinical and experimental evidence indicates that
an increased RRI in patients with primary hypertension not
only reflects changes in intrarenal perfusion, but that it is
also associated with systemic hemodynamics and athero-
sclerosis, and may provide useful prognostic information
and possibly have therapeutic implications [9,10].

This article will briefly review the main clinical
applications of RRI and will discuss more recent data on
its meaning and prognostic usefulness in the management
of patients with hypertension.

TECHNIQUE ANDTHEORY
The need for meticulous, standardized techniques to
obtain Doppler signals has been repeatedly emphasized
[2]. A high frequency probe is recommended together
with the use of color or power Doppler to help vessel
localization. As resistance to blood flow progressively
increases from the hilar arteries toward the more peripheral
parenchymal vessels, it is generally recommended that
sampling for RRI should be done at the level of the arcuate
or interlobar arteries, adjacent to medullary pyramids
(Fig. 1). Measurements should preferentially be repeated
in different parts of both organs (superior, median, and
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FIGURE 1 Renal RI measurement technique. A sample volume (arrow) is placed
within an intrarenal artery (an arcuate or interlobar one) under Color Doppler
guidance and spectral analysis of vascular signals is obtained. The measurement
calipers are then set at the systolic peak (white open arrow) and end diastole
(black open arrow) of a waveform, and the RI is calculated according to the
formula (PSV-EDV)/PSV. EDV, end diastolic velocity; RI, resistive index; SV, peak
systolic velocity.
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lower) when at least three reproducible waveforms have
been obtained. An RRI is calculated with the following
formula: (peak systolic velocity – end diastolic velocity)/
peak systolic velocity, and the mean value of three
measurements at each kidney is usually considered.
An RRI value 0.60� 0.01 (mean� SD) is usually taken as
normal with a value of 0.70 being considered the upper
normal threshold by most authors [2]. In order to maximize
waveform size, care should be taken in using the lowest
pulse repetition frequency without aliasing, the highest
possible gain without noise and the lowest wall filter.

There is a general agreement that 0.70 should be
considered the upper limit of normality in adults, but not
in children in whom RRIs typically show higher values,
especially within the first year of life [11]. Furthermore,
RRI has been reported to increase in the healthy elderly
population, possibly because of age-related changes in
vascular compliance [12].

An increased RRI has often been regarded solely as an
indicator of renal vascular resistance, although other factors
such as vascular compliance, systemic pulse pressure, and
heart rate and rhythm have more recently been shown to
influence it. In fact, RRI may be an unreliable indicator, and
good quality waveforms could be difficult to obtain in the
presence of cardiac arrhythmias such as atrial fibrillation [2].
Thus, various pathologic changes, such as tissue interstitial
fibrosis and vascular stiffening, might substantially affect the
RRI. Although the complex and rather aspecific nature of the
involved mechanisms may account for the disappointing
results obtained in differentiating specific renal diseases,
it may also explain more recent encouraging studies
exploring its usefulness in the assessment of cardiorenal risk.
DOPPLER-DERIVED RENAL RESISTIVE
INDEX IN THEMANAGEMENTOF
RENOVASCULAR HYPERTENSION
A complete ultrasound Doppler evaluation of the entire
renal vasculature, which includes end-diastolic velocity,
Copyright © Lippincott Williams & Wilkins. Unaut
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peak systolic velocity (PSV) from both proximal renal
arteries, as well as the ratio between renal and aortic
PSV, is a rather cost-efficient diagnostic tool in the diagnosis
of renal artery disease [13], and remains a routine clinical
approach to this disease in many centers worldwide.
However, this may be impossible to obtain in all patients
because of the difficulties in identification of the entire
course of both renal arteries. Indirect criteria for renal artery
stenosis, such as assessment of arterial waveforms at the
renal hilum can be also employed, with known lower
sensitivity. Although the sole evaluation of RRI is not
considered a reliable tool in the screening for renal artery
stenosis as compared to other imaging techniques such
as magnetic resonance angiography, contrast-enhanced
computed tomography (CT), or radioisotopic renal scan,
the finding of a tardus-parvus waveform at the level of
the interlobar arteries is almost pathognomonic of the
condition and should prompt accurate color and duplex
Doppler evaluation of the main renal artery to establish the
diagnosis. Furthermore, the assessment of RRI may provide
valuable prognostic insights into the management of this
condition. Following the seminal work of Radermacher
et al. [4], in 2001, which reported a series of 138 patients
with unilateral or bilateral renal artery who underwent
surgery or angioplasty, an RRI more than 0.80 has been
considered a negative prognostic sign and a contraindica-
tion to surgery. On the contrary, lower resistance-index
values are associated with an improvement in blood
pressure, renal function, and kidney survival after the
correction of renal-artery stenosis. A number of subsequent
studies [14,15] later confirmed that increased RRI values
indicate the presence of diffuse microvascular athero-
sclerotic abnormalities. This condition, often referred to
as ‘small vessel disease’, is unlikely to benefit from changes
in large vessel hemodynamics brought about by renal
revascularization.

DOPPLER-DERIVED RENAL RESISTIVE
INDEX IN PRIMARY HYPERTENSION
Early reports by our group [16], later confirmed by others
[17], have shown that in untreated patients with primary
hypertension and normal renal function an increase in RRI
is associated with subclinical signs of renal organ damage
(Fig. 2). An RRI shows a direct relationship with the amount
of urine albumin excretion, thus the presence of micro-
albuminuria signals an increased likelihood of RRI above
0.7. An RRI is also reportedly inversely related to renal
volume index. The relationship between RRI and renal
function in primary hypertension was subsequently investi-
gated in greater detail in a larger cohort of patients, and it
was shown that increased impedance to blood flow at the
parenchymal level is often associated with a mild reduction
in GFR, increased albuminuria, or both [18].

Furthermore, increased RRI signals the presence of
hypertensive and atherosclerotic organ damage such as
left ventricular hypertrophy and carotid intima–media
thickening (Fig. 2), and may therefore be taken as an
indicator of an increased cardiovascular risk profile [19].
A relationship was found between aortic vascular stiffness,
which was indirectly assessed by the ambulatory blood
horized reproduction of this article is prohibited.
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FIGURE 2 Renal resistive index and target organ damage in primary hypertension.
IMT, intima–media thickness; LVH, left ventricular hypertrophy; PH, primary
hypertension; TOD, indicates target organ damage [16,18].
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FIGURE 3 Renal resistive index and cardiovascular and renal outcomes in primary
hypertension. Low and high resistive index were defined on the basis of sex-
specific median values of RI (i.e. 0.62 for men and 0.67 for women in the group
with GFR �60 ml/min; 0.73 for men and 0.72 for women in the group with GFR
<60 ml/min). CIs, confidence intervals; HRs, indicates hazard ratios; GFR, estimated
glomerular filtration rate; RI, resistive index [21].
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pressure measurements-derived ambulatory arterial stiff-
ness index and the RRI. This intriguing finding may suggest
that in the context of primary hypertension, changes in
kidney impedance parallel those observed at the systemic
level and thus, the increased RRI may be considered a
marker of atherosclerotic vessel damage [19]. In a cohort
of 870 elderly Americans from the Cardiovascular Health
Study, Pearce et al. [10] examined associations between
renal parenchyma Doppler-derived parameters and cardio-
vascular morbidity and mortality over a median follow-up
of 7 years. These authors reported that Doppler signals
indicating increased intrarenal stiffness and impedance to
blood flow were significantly associated with subsequent
cardiovascular events after checking for several con-
founders, such as renal function, hypertension, diabetes,
and history of coronary artery or cerebrovascular events.

The role of RRI as a marker of subclinical renal damage
and its relationship with abnormalities in central and renal
hemodynamics has been further elucidated by the work
of Hashimoto and Ito [9], who studied several measures of
central and peripheral vascular stiffness in 136 patients with
primary hypertension. They found that microalbuminuria is
associated with increased RRIs and that these, in turn,
depend on increased central pulse pressure and aortic
stiffness as well as abnormal renal hemodynamics – namely
increased peripheral resistance and/or increased flow
pulsation. In keeping with this hypothesis and the multi-
factorial nature of this parameter, RRI has been shown to be
influenced by age and pulse pressure [20], and has been
associated with greater systemic 24-h blood pressure load
and abnormal circadian patterns (i.e. nondipping) as well
as with increased sympathetic activity and uric acid values.

In a recently published study, Doi et al. [21] investigated
the prognostic role of RRI over a mean follow-up of
3.1 years in a group of 426 patients with primary hyperten-
sion and no previous cardiovascular disease. RRI proved to
be an independent predictor of worse cardiovascular and
renal outcomes, especially when combined with reduced
GFR, thus providing a useful diagnostic complement to the
assessment of renal function in these patients (Fig. 3).

Furthermore, an increased RRI has been demonstrated
to predict the onset of diabetes mellitus in patients with
Copyright © Lippincott Williams & Wilkins. Unauth
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primary hypertension, a finding which may stimulate
further research into the recently developed hypothesis
concerning a pathogenetic link between early signs of renal
abnormalities and an unfavorable cardiovascular outcome
[22].

Lastly, evaluating RRI may have therapeutic implications.
Preliminary studies suggest that changes in RRI may
parallel variations in urine albumin excretion under chronic
antihypertensive treatment [23], although long-term studies
are needed to assess the usefulness and clinical meaning of
these findings. Furthermore, an increase in RRI may signal
the presence of intrarenal stiffness and suggests caution in
titrating renin–angiotensin–aldosterone system inhibitors,
especially when added to diuretics, pending the risk of
renal function worsening.

DOPPLER-DERIVED RENAL RESISTIVE
INDEX INCHRONIC RENAL DISEASE
Several studies on a variety of chronic renal diseases in
native as well as in transplanted kidneys have reported
the prognostic, independent value of an increased RRI.
In a group of 137 patients with proteinuric chronic renal
disease, Radermacher et al. [6] reported that RRI more than
0.80 was associated with faster decline of renal function
over a 5-year median follow-up period, even after adjusting
for several known risk factors including baseline GFR
values and the degree of proteinuria. Using the very same
cutoff value in a group of patients with type 2 diabetes
and microalbuminuria, Nosadini et al. [24] described an
unfavorable renal prognostic value of increased RRI even
when GFR is still within normal values. More recently,
Hamano et al. [25] reported that RRI was related to
the severity of renal damage in diabetic patients, as it
progressively increases in parallel with the amount of
urine excretion. Furthermore, an increase in RRI was also
associated with lower DBP and signs of vascular stiffness
as evaluated by the ankle-brachial index. Other studies
have confirmed a more rapid decline in renal function over
time in the presence of increased RRI in CKD [26], and
some have suggested that this abnormality may entail worse
response to steroid treatment [27].
orized reproduction of this article is prohibited.
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Recently, pathophysiological mechanisms underlying
the association of increased RRIs and renal function
have been further clarified by reports of pathological
correlations with the severity and extension of tissue
changes such as tubulointerstitial fibrosis and arterio-
sclerosis in CKD patients [28]. Many, although not all studies
have reported that RRI is a predictor of future function
worsening in transplanted kidneys [29–31]. Although RRI
analysis is not considered useful for identifying specific
causes of transplant dysfunction, it may generally
indicate vascular complications and the need for further
investigation.

Apart from its renal prognostic role, high RRIs (i.e.,
>0.80) have been reported to be predictive of all-cause
mortality in CKD patients [6].

USEOF DOPPLER-DERIVED RENAL
RESISTIVE INDEX INOTHER RENAL
CONDITIONS
There is a growing interest in the RRI and its broader
application in various clinical areas and pathologic
conditions, and recent studies have addressed its usefulness
as a predictor of renal and global outcome in critically ill
patients. Indeed, experimental work has suggested that
cortical blood flow redistribution and an increase in renal
vascular resistance may be early sensitive signs of an
impending hemodynamic deterioration, even in apparently
stable patients. Thus, RRI measurement may be usefully
utilized in the management of various clinical conditions
such as hemorrhagic, septic, or posttraumatic shock
[32]. However, numerous confounding factors, including
nonhemodynamic ones, have been shown to influence
renal Doppler parameters in the acute setting, and the
value of RRI in predicting both global outcome and
the development of acute kidney injury in critically ill
patients currently remains uncertain [33].

Given thewell known diagnostic limitations of ultrasound
scan in obstructive renal disease, great interest was initially
placed on the possibility to gain more reliable insights into
the presence of urinary obstruction by analyzing the intra-
parenchymal spectra. After initial enthusiasm in the early
1990s, several clinical trials [34] considerably reduced the
expectations regarding the usefulness of Doppler-derived
indices in this area as results showed that most patients with
partial obstruction had normal RRIs [35]. These findings,
together with the progressive acceptance of unenhanced
CT as the gold standard for identifying ureteral calculi [36],
have led to a decrease in interest over the usefulness of this
parameter, except perhaps with regard to specific clinical
conditions, such as the evaluation of the pregnant patient.
More recently, several studies have addressed the potential
clinical use of contrast-enhanced ultrasound in different
vascular fields, although specific application for this method
remains a matter of debate.

CONCLUSION
Despite its relatively low specificity in terms of clinical-
pathological correlation and the still poorly under-
stood pathogenesis, RRI has been fruitfully used to gain
Copyright © Lippincott Williams & Wilkins. Unaut
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diagnostic and prognostic insights into a variety of clinical
conditions from renal vascular disease to CKD and renal
transplant.

In patients with renal artery stenosis, an RRI more than
0.80 has been shown to be a reliable indicator of poor
therapeutic response to revascularization treatment and has
gained considerable popularity in the clinical management
of these patients.

In the presence of diabetic and nondiabetic CKD and
in renal transplant, increased RRI has been shown to
correlate with the severity of vascular and interstitial
damage, and therefore is taken as a powerful predictor
of disease progression.

More recently, an increased RRI has been shown to be a
marker of renal and extrarenal organ damage in primary
hypertension. Several studies indicate that this abnormality
may in part reflect systemic vascular stiffness and entail
a worse cardiovascular prognosis. On the basis of
these results, the evaluation of RRI should be used to
complement other signs of renal abnormalities in
the assessment and management of patients with primary
hypertension.

Finally, indirect preliminary evidence suggests that the
evaluation of RRI may also carry therapeutic implications
as far as the type of drug and, possibly, target blood
pressure are concerned in order to optimize renal protec-
tion in the subgroups at greater risk such as the elderly and
those with diabetes and CKD. This is an area that certainly
deserves further investigation given the growing epidemio-
logical weight of hypertensive renal disease in the cardio-
vascular arena.
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Reviewers’ Summary Evaluations

Reviewer 1
Strengths: Increased renal resistive index (RRI) is a marker
of atherosclerotic and hypertensive organ damage both at
the renal and systemic level. It is a predictor of cardio-
vascular and renal outcome. Finally, measurements of RRI
may have therapeutic implications in the management of
hypertensive patients in particular.
Reviewer 2
The authors provide a comprehensive review of the
studies relating renal resistive index to cardiovascular
risk and outcomes. The review is inclusive of a large
body of work in this area. The discussion is insightful
and will be of value to researchers interested in vascular
assessment and cardiovascular disease prediction.
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