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 Abstract 
  Background:  The noninvasive assessment of renal hemodynamics is currently possible by as-
sessing the renal resistive index (RRI) derived from intrarenal Doppler arterial waveforms as 
(peak systolic velocity – end-diastolic velocity)/peak systolic velocity. In this review, we outline 
the important determinants of the RRI to clarify the true identity of the RRI and highlight its 
potential diagnostic and prognostic value in renal and cardiovascular pathology.  Summary:  
Although the RRI was initially considered to reflect intrarenal vascular pathological processes, 
this index is actually a product of a complex interaction between renal and systemic vascular 
wall properties and hemodynamic factors. Indeed, studies in patients and general populations 
consistently demonstrated a significant and direct association between the RRI and central or 
peripheral pulse pressure independent of other covariables. Moreover, studies in renal trans-
plant patients also showed that the RRI mainly reflects characteristics of the recipient but not 
those of the graft. Thus, the major influence of the systemic hemodynamics on the intrarenal 
arterial waveforms excludes RRI as a specific marker of renal vascular pathology. On the oth-
er hand, because the RRI reflects pulsatility in renal arteries, it might be useful for the early 
detection of renal microvascular damage. Future longitudinal studies are still needed to clar-
ify whether the detection of Doppler changes in intrarenal arteries might yield an improve-
ment in the adverse cardiovascular and renal outcome.  Conclusion:  Published studies on RRI 
imply that the interaction between the systemic hemodynamics and peripheral circulation in 
the kidney is a complex physiological phenomenon. In addition to renal vascular properties, 
the central hemodynamic factors significantly influence the intrarenal arterial Doppler wave-
form patterns. Previous research also suggested an important role of the RRI for the evalua-
tion of renal target organ damage, particularly in patients with increased pulsatility of the 
intrarenal blood flow.  © 2016 S. Karger AG, Basel 
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 Background 

 The noninvasive assessment of renal hemodynamics is currently possible by analyzing 
the intrarenal arterial waveforms obtained by Doppler ultrasonography. The renal resistive 
index (RRI), derived from the Doppler flow-velocity waveform as (peak systolic velocity – 
end-diastolic velocity)/peak systolic velocity, is the most described measure in renal Doppler 
ultrasonography ( fig. 1 )  [1] . Over the last years, the RRI has been studied intensively to gain 
diagnostic and prognostic insights into a variety of renal clinical conditions such as assessment 
of renal allograft rejection  [2, 3] , detection and management of renal artery stenosis in hyper-
tensive patients  [4, 5] , evaluation of progression in chronic kidney disease  [6]  and prediction 
of renal and composite adverse outcomes in critically ill patients  [7, 8] . Although the RRI was 
initially considered to reflect only intrarenal vascular pathological processes, this index is 
actually a product of a complex interaction between renal and systemic vascular wall prop-
erties and hemodynamic factors, yet most of these factors are insufficiently understood  [1] . 
In this review, we outline the known hemodynamic and other determinants of the RRI to 
clarify the true identity of the RRI and highlight its potential diagnostic and prognostic value 
in renal and cardiovascular pathology. 

  When the RRI was introduced in the 1950s, its name was based on an assumption that 
this Doppler-derived index would largely reflect the vascular resistance of renal arteries. 
Over the last years, however, this initial belief has gradually been refuted. Indeed, theoretical 
analyses and experiments in artificial circuits demonstrated that the complex interaction 
between arterial resistance and compliance could alter the Doppler arterial waveform  [9, 10] . 
In fact, the higher the arterial compliance, the more the RRI was affected by arterial resistance 
and vice versa  [10] . In experimental studies in isolated rabbit kidneys  [11, 12] , an impaired 
renal vascular compliance and increased pulse pressure led to a significant increase in RRI. 
On the other hand, the RRI decreased with higher renal vascular resistance in transplanted 
kidneys  [13] . Overall, these findings suggest that the RRI is a product of a complex interaction 
between a number of factors such as renal interstitial pressure, peripheral vascular resis-
tance as well as compliance and systemic hemodynamics  [1] .

  In experimental and clinical studies, the RRI was initially investigated in the setting of 
urinary obstruction  [14] , renal vein thrombosis  [15]  and acute renal inflammation  [16] . For 
instance, in an ex vivo rabbit kidney model  [11] , hydronephrosis caused an increase in RRI. 
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  Fig. 1.  Assessment of the RRI
using Doppler ultrasonography. 
The RRI is derived from the intra-
renal Doppler flow waveforms as 
(PSV-EDV)/PSV. PSV = Peak sys-
tolic velocity; EDV = end-diastolic 
velocity. 
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In renal transplant patients  [17] , the RRI increased with increasing pressure applied by the 
ultrasound probe. Thus, the RRI might also be associated to some degree with pathological 
conditions affecting the renal interstitial and/or venous pressure  [11] . 

  Relation of the RRI with Blood Pressure Components 

 Systemic hemodynamics and peripheral arterial resistance and compliance have been 
demonstrated to affect the Doppler arterial waveform signal obtained in the intrarenal 
arteries. Peripheral arterial resistance is a main determinant of the steady component of 
blood pressure (or mean arterial pressure), and depends on the physical characteristics of 
the arterial tree. Studies in the general population  [18, 19] , in healthy subjects  [20]  and in 
hypertensive patients  [21]  have reported an inverse relationship between the RRI and mean 
arterial pressure or diastolic blood pressure, independent of other covariables ( table 1 ). 
These observations are in line with findings in transplanted kidneys, in which the RRI 
decreased significantly with higher renal vascular resistance  [13] .

  On the other hand, compliance of the large arteries is a main determinant of the pulsatile 
component of blood pressure (or pulse pressure). During systole, the aortic and conduit 
arterial walls elastically expand to accommodate the ejected blood and, therefore, dampen 

 Table 1.  Anthropometric and hemodynamic determinants of the RRI identified in patient and population studies

First author 
[Ref.], year

Study population Age, years RRI Anthropometric 
determinants of RRI

Hemodynamic 
determinants of RRI

Krumme [32], 
1997

Renal transplant 
patients (n = 110)

45 ± 13 0.70 ± 0.07 ↑ with agerecipient ↑ with pPPrecipient

Heine [33], 
2005

Renal transplant 
patients (n = 105)

53 ± 14 0.72 ± 0.07 ↑ with agerecipient, ♀recipient
↓ with BMIrecipient

Naesens [3], 
2013

Renal transplant 
patients (n = 321)

54 ± 15 0.74 ± 0.08 ↑ with agerecipient ↑ with pPPrecipient, β-blockers
↓ with MAP

Ikee [34], 
2005

CKD patients 
(n = 33)

44 ± 16 0.56 ± 0.06 ↑ with age

Tedesco [25], 
2007

Hypertensive 
patients (n = 566)

55 ± 1 1 0.68 ± 0.05 ↑ with age ↑ with pPP

Hashimoto [21], 
2011

Hypertensive 
patients (n = 133)

56 ± 12 0.65 ± 0.07 ↑ with age
↓ with body height

↑ with cPP
↓ with MAP, HR

Stea [24], 
2013

Hypertensive 
patients (n = 216)

53 ± 12 0.63 ± 0.07 ↑ with age, BMI ↑ with cPP
↓ with DBP

Ponte [18], 
2014

General population 
(n = 726)

42 ± 17 (♂)
45 ± 17 (♀)

0.62 ± 0.05 (♂)
0.64 ± 0.05 (♀)

↑ with age, ♀, BMI ↑ with pPP
↓ with DBP, HR

Kuznetsova [19], 
2015

General population 
(n = 171)

53 ± 14 (♂)
52 ± 14 (♀)

0.59 ± 0.06 (♂)
0.61 ± 0.06 (♀)

↑ with age, ♀, body weight
↓ with body height

↑ with pPP, cPP, β-blockers
↓ with MAP
↑ with systolic and early 
diastolic cardiac blood flows

Lin [20], 
2003

Selected healthy 
subjects (n = 135)

37 (17 – 68) 0.59 ± 0.04 ↑ with age ↓ with DBP

 Age and RRI are indicated as mean ± SD or median (range). CKD = Chronic kidney disease; BMI = body mass index; pPP = peripheral 
pulse pressure; cPP = central pulse pressure; HR = heart rate; MAP = mean arterial pressure; DBP = diastolic blood pressure.
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pulsatility and guarantee a continuous blood flow from the heart to the periphery including 
the kidney. With aging, the rigidity is more pronounced in the aorta than in the peripheral 
conduit arteries including intrarenal arteries, leading to less protection of the microcircu-
lation from high-pressure transmission in organs with high resting flow, such as the kidneys 
 [22] . In fact, increased pulsatile stress leads to tearing of endothelial and smooth muscle cells 
of the small arteries in the kidney  [23] . Therefore, a number of studies in patients and in the 
general population explored the association of the RRI with aortic (central) pulse pressure 
 [19, 21, 24]  or peripheral (brachial) pulse pressure ( table 1 )  [18, 19, 25] . All these studies  [18, 
19, 21, 24, 25]  consistently demonstrated a significant and direct association between the
RRI and central or peripheral pulse pressure independent of other covariables. 

  Relation of the RRI with Cardiac Blood Flows 

 In addition to the blood pressure components reflecting vascular resistance and 
compliance, another important factor influencing the Doppler-derived RRI is the amount of 
renal blood flow  [26] . The pivotal role of the kidney in the metabolic homeostasis makes it 
one of the peripheral territories with the highest perfusion. In fact, the 15–25% of the total 
cardiac output that the kidneys receive depends on the state of the body and the blood volume 
that the left ventricle ejects. Similarly to intrarenal blood flow, intracardiac blood flows can 
be quantified using Doppler echocardiography by quantification of blood velocities during 
systole and diastole  [27] . Two studies in end-stage renal disease patients receiving hemodi-
alysis  [28, 29]  demonstrated that changes in the total circulating volume (preload) signifi-
cantly influence the Doppler blood flow velocity profiles in the left ventricle. Indeed, cardiac 
output and the left ventricular peak flow velocity during the early and late diastolic filling 
period decreased significantly after hemodialysis  [28, 29] . In a recent general population 
study in 171 subjects  [19] , we investigated the relationships between the RRI and indexes of 
left ventricular peak systolic and diastolic blood flow as measured at the left ventricular 
outflow tract and mitral valve. With adjustments applied, our study demonstrated in 
continuous analyses that the RRI significantly increased with higher systolic and early 
diastolic intracardiac Doppler blood flows. These findings imply that the exposure of small 
renal arteries to high blood flow in addition to high pulsatile pressure leads to an increased 
RRI and might in the long run result in microvascular damage and, therefore, renal insuffi-
ciency  [23] . However, the cross-sectional design of this study does not allow a causal inter-
pretation, and so far no population study has assessed longitudinal changes in cardiac and 
renal hemodynamics simultaneously. Therefore, the potential causal relationship between 
cardiac and renal hemodynamics still remains to be investigated.

  Independent of the abovementioned factors, another hemodynamic factor, such as heart 
rate, might also affect the RRI by altering the duration of diastole. Indeed, one clinical study 
in 8 patients with a cardiac pacemaker  [30] , which allowed direct control of heart rate, has 
demonstrated the inverse relationship between the RRI and heart rate. Studies in the general 
population  [18]  as well as in hypertensive patients  [21]  have confirmed an inverse and inde-
pendent relationship between heart rate and the RRI. Along these lines, in a general popu-
lation  [19]  and in renal transplant patients  [3] , the RRI increased independently with the use 
of β-blockers ( table 1 ).

  In addition, several anthropometric factors have been reported as independent determi-
nants of the RRI in hypertensive patients  [21, 24, 25]  and the general population  [18, 19]  
( table 1 ). In the two general population studies  [18, 19] , the RRI was directly related to female 
sex, age and body weight and inversely related to body height in multivariable-adjusted 
analyses. 
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  Prognostic Significance of the RRI 

 The RRI has been studied and used widely to gain diagnostic and prognostic insights into 
a variety of renal clinical conditions such as renal allograft rejection  [2, 3] , renal artery ste-
nosis in hypertensive patients  [4, 5] , progression of chronic kidney disease  [6]  and renal and 
composite adverse outcomes in critically ill patients  [7, 8] .

  Two studies in renal transplant patients investigated the prognostic value of the RRI on 
allograft rejection and overall survival of patients  [3, 31] . Such transplant studies also pro-
vided important information on the influence of the renovascular (graft-specific) determi-
nants and the systemic (recipient-specific) determinants on the RRI. For instance, in renal 
transplant recipients  [3, 32, 33] , the RRI correlated with the age of the recipient, but not with 
the donor’s age. Furthermore, a study in 321 renal transplant patients  [3]  reported a corre-
lation of the RRI with the recipient’s peripheral pulse pressure and mean arterial pressure, 
suggesting that the RRI of the donor-specific intrarenal arteries is largely influenced by the 
systemic hemodynamics of the recipient. Moreover, a high RRI was associated with recipient 
survival but not with graft survival  [3, 31] . Overall, these findings demonstrated that, in renal 
transplant patients, the RRI mainly reflects characteristics of the recipient but not those of 
the graft. 

  Along these lines, Ikee et al.  [34]  demonstrated that, in 33 patients with a chronic renal 
disease, the RRI was not independently related to glomerular, tubular or interstitial renal 
histology and only arteriolosclerosis was found to be an independent factor associated with 
an increased RRI. Several previous studies demonstrated that a side-to-side difference in RRI 
of at least 0.05 is a specific marker of severe unilateral renal artery stenosis  [35] . However, 
because of the major influence of the systemic hemodynamic factors and renal vascular 
compliance on the intrarenal arterial waveforms, the RRI could not serve as a specific marker 
reflecting exclusively renal artery resistance or renal pathology.

  Although current knowledge seriously questions the clinical value of the RRI in renal 
diseases, its ‘new’ identity as an index of pulsatility in renal arteries might imply a new 
application potential of the RRI in aging and vascular pathology. Indeed, in the setting of 
an increased flow pulsation, the RRI might be a useful marker for the early detection of 
renal microvascular damage following altered systemic and/or renal hemodynamics. A 
recent study in 426 patients with essential hypertension  [36]  demonstrated that im-
pairment of renal hemodynamics as assessed by an increased RRI was associated with an 
increased risk of cardiovascular and renal outcomes. In hypertensive patients, evaluation 
of RRI might be useful and complementary to other predictors of cardiovascular and renal 
outcomes  [36] . To date, however, longitudinal studies are still needed to clarify whether 
(early) detection of Doppler changes in intrarenal arteries might yield an improvement in 
the adverse cardiovascular and renal outcome in the general population and hypertensive 
patients.

  In conclusion, published studies on RRI imply that the interaction between the system-
ic hemodynamics and peripheral circulation in the kidney is a complex physiological 
phenomenon. In addition to renal vascular properties, anthropometric and central hemody-
namic factors influence the intrarenal arterial Doppler waveform patterns. Previous research 
also suggests an important role for the RRI in the evaluation of renal target organ damage, 
particularly in patients with increased pulsatility of blood flow. Further longitudinal popu-
lation studies are required to clarify whether early detection of Doppler changes in intrarenal 
arteries might yield an improvement in the adverse cardiovascular and renal outcome in the 
general population and in patients. 
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