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Introduction

B-mode ultrasound of the kidneys is still performed as
one of the first diagnostic steps in the evaluation of both
native and transplant renal dysfunction. Cortical thick-
ness and echogenicity, renal length as well as grade of col-
lecting duct dilatation are assessed. Although cortical
echogenicity and renal size correlate well with histopa-
thology [1], these parameters may only help in evaluating
disease chronicity rather than to make final histopatho-
logic diagnosis, where renal biopsy is essential.

Since the middle of the 1980s, when renal Doppler
sonography was primarily introduced for the screening of
renovascular disease [2], a series of articles that were pub-
lished indicated the potential of Doppler sonography for
improving the sonographic assessment of native and
transplant renal dysfunction. However, the results of
these studies were discrepant and did not lead to any final
conclusive recommendations. Why is it so?

In most of the studies the Doppler resistive index (RI)
([peak systolic velocity — end-diastolic velocity]/peak sys-
tolic velocity) was used to evaluate renal blood flow for
the diagnosis of kidney disease. This was often performed
with only rudimentary understanding of non-renal fac-
tors affecting arterial Doppler waveform in the kidney.
The clarification of these different factors, which have a
main impact on renal Doppler waveform, is one of the
motivations of this review. Another is to give detailed
information from recent papers about the value of
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Doppler sonography for the diagnosis of renal and reno-
vascular diseases. The RI will be in the focus of discus-
sion, because this parameter was evaluated in the major-
ity of the papers in the current literature [3].

Factors Affecting Renal Doppler Waveform

In the detailed view one has to discriminate between
factors that have only impact on the Doppler flow pattern
without any changes of the vascular system and between
those which affect the Doppler waveform by changes of
elasticity and compliance of the pre-renal and renal arter-
ies.

The heart rate, for example, does really affect the flow
pattern in the intrarenal arteries without any differences
of renal vascular resistance. The higher the heart rate, the
higher the end-diastolic velocity is measured before the
next heart beat follows and vice versa, the lower the heart
rate the lower the end-diastolic velocity is registered. This
relationship between heart rate and end-diastolic velocity
is important, because the RI is calculated from the ratio
of peak systolic and end-diastolic velocity (see the equa-
tion above). That means, the higher the heart frequency
the lower the RI in the renal vessels is measured. More
than a decade ago, Mostbeck et al. [4] calculated a regres-
sion equation for a standardized RI to overcome this
source of variance when estimating the renal RI. How-
ever, the use of this standardized RI corrected for heart
frequency did not improve diagnostic accuracy for the
early diagnosis of acute rejection after renal transplanta-
tion [5].

Another way to diminish the end-diastolic velocity (or
to increase the RI), especially in the segmental renal ar-
teries of transplanted kidneys, is simply to compress the
kidney with the transducer. This potential pitfall may
lead to a higher interobserver variability, when Doppler
signals are assessed in transplanted kidneys by different
operators. Last but not least, the so-called “Valsalva’s ma-
neuver’ through the breath-hold during Doppler exami-
nation of the kidney decreases the diastolic flow velocity
and therefore increases the RI without changes of the re-
novascular bed or of the real vascular resistance [6].

The vascular resistance and especially the vascular
compliance are main predictors of the renal RI. Compli-
ance is the rate of change of volume of a vessel as a func-
tion of pressure. From a series of in vitro experiments we
know that the RI of the kidney is dependent on the pre-
renal vascular compliance and renal resistance, becoming
less and less dependent on resistance as compliance de-
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creases, and being completely independent of renal resis-
tance when vascular compliance is zero [ 3, 7]. The knowl-
edge of these relationships between RI and different vas-
cular conditions may protect nephrologists from too
much enthusiasm to interpret RI as a marker of renal
damage. Renal transplantation is an excellent ‘in vivo
model’ to explain the dependency of RI from different
vascular systems, the transplanted kidney on the one side
and the arteries of the recipient on the other side. Sev-
eral years ago we showed that the RI of the transplanted
kidney significantly correlates with the age of the recipi-
ent, however it does not correlate with the age of the kid-
ney [8]. This means that the stiffness of the pre-renal ves-
sels, e.g. the aorta and iliac artery, has a main impact on
the renal Doppler indices.

For the practical use it means that an excellent func-
tioning kidney without severe damage transplanted in a
patient with extensive atherosclerosis will give higher re-
nal Doppler indices than the same kidney transplanted
in a young patient with elastic vessels. For a long time
these data were disregarded in many Doppler studies
dealing with RI and diagnosis of renal parenchymal dam-
age. However, recently they came into the focus of inter-
est again. Radermacher et al. [9] published a high predic-
tive value of renal RI in patients after renal transplanta-
tion for allograft survival as well as for patient survival.
The authors conclude that renal RI is non-specific for the
kidney and is influenced by many cardiovascular factors
[9]. As a consequence of these previous results, Heine et
al. [10] recently investigated the relationship between
Doppler resistance indices of transplanted kidneys and
parameters of cardiovascular disease, such as carotid in-
tima media thickness (IMT) and ankle-brachial blood
pressure index (ABI) of these patients. Interestingly, the
authors found a significant correlation of renal RI with
IMT and ABI; however, glomerular filtration rate of the
grafts did not correlate with Doppler indices [10]. Simi-
larly, we found in our own transplanted patients a sig-
nificant correlation of renal RI with pulse pressure, ca-
rotid-femoral pulse wave velocity and IMT without any
correlation of creatinine clearance of the graft [11].

It has to be concluded that intrarenal resistance indices
are a complex integration of arterial compliance, pulsatil-
ity and peripheral resistance and therefore should not be
used as specific markers of renal damage [10, 11]. Further
studies in this field have to show whether RI may be used
as a marker of progression of renal disease rather than as
a marker of renal damage [12].
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Doppler Sonography for the Diagnosis of
Renal Failure

For the above-mentioned reasons it seems to be inef-
fective to perform renal Doppler sonography for diagnos-
ing chronic parenchymal damage of the kidney. This has
already been confirmed in several older studies which
showed normal Doppler indices in patients with severe
glomerular disease with little correlation between the de-
gree of renal dysfunction and the RI[13, 14].

However, there is one exception to this rule, such as
the acute renal failure. With B-mode ultrasound, ureteral
obstruction can be diagnosed in most of the cases when
hydronephrosis is present. However, limitations of this
technique for potential acute and chronic obstruction
have been recognized. The purely anatomic information
of the B-scan may be incomplete or misleading: collecting
systems dilatation can be caused by conditions that are
not obstructive. Also, in the acute setting, obstruction
may be present for several hours before collecting system
dilatation occurs. In this issue, renal Doppler sonography
can help to discriminate acute from chronic obstruction
by measuring the changes of RI detecting the vasocon-
striction response of the obstructed kidney. The increase
of RI with a difference >0.10 between the kidneys was
seen to be a reliable parameter for diagnosing acute ure-
teral obstruction [15]. These initially encouraging results
were confirmed by several studies so that many clinicians
use Doppler sonography routinely in the evaluation of
obstructive renal disease [16, 17].

In patients with non-obstructive acute renal failure the
RI is also markedly increased, however, in both kidneys
and the underlying disease of acute renal failure it cannot
be further differentiated — although it may be interesting
to study patients with acute renal failure during the fol-
low-up of the disease. For example in patients with he-
molytic uremic syndrome, renal Doppler indices may fall
before clinical parameters, such as creatinine or lactate
dehydrogenase, show improvement of the disease [18].
Moreover, in patients with hepatorenal syndrome, renal
Doppler sonography enables the early detection of renal
hemodynamic disturbances in patients with liver cirrho-
sis even before renal dysfunction becomes clinically evi-
dent [19].

c26 Nephron Clin Pract 2006;103:c24-c28

NEC607.indd 26

Doppler Sonography for the Diagnosis of
Renovascular Disease

The presence of hemodynamically relevant renal ar-
tery stenosis has an impact on the Doppler flow pattern
in the segmental and interlobar arteries of the kidney.
This phenomenon makes it impossible to detect renal
damage in a stenotic kidney by this technique. The high-
er the stenotic gradient in the renal artery, the slower and
smoother the systolic upstream with identical diastolic
velocity in the kidney is measured [20]. This so-called
‘parvus-tardus flow’ results in a decrease of the R1I, so that
this index can be compared with that of the contralateral
kidney. In patients with significant unilateral renal artery
stenosis, the side-to-side difference of RI of >0.05 seems
to be a reliable parameter to detect stenosis [21, 22]. It is
of note that this RI is based on 3-6 measurements in the
kidney, because single values show high variance. Gott-
lieb et al. [23] investigated different Doppler parameters
for the screening of renal artery stenosis; however, RI was
the most reliable. Others, such as acceleration time or ac-
celeration index, were more operator-dependent and
therefore less reliable. These data were recently confirmed
by Demirpolat et al. [24].

Atherosclerotic renal artery stenosis occurs bilaterally
in 20-30% of the patients. In these patients, side-to-side
comparison of RI fails to detect stenosis. Therefore it is
useful to measure additionally the blood flow velocity at
the ostium and in the course of the renal artery. The
thresholds range from 1.8 to 2.0 m/s with sensitivity and
specificity of 70 to 90%, respectively [21, 22]. However,
it is unwise to rely exclusively on the direct imaging of
the renal arteries. This is often technically difficult, time-
consuming and in 20% of the patients, meteorism and
bowel movement lead to insufficient visualizing of the
course of the renal arteries.

Recently, Radermacher et al. [22] have shown that re-
nal Doppler sonography is not only useful for detecting
stenosis but also for giving a prognosis of interventional
treatment of renal artery stenosis. They found that pa-
tients with intrarenal RI =0.80 obtained in segmental
renal arteries neither respond with improvement of blood
pressure nor with increase of renal function after dilation
of renal artery stenosis. Unfortunately, the authors did
not exactly describe which RI (the stenotic or non-ste-
notic RI) was calculated for the multivariate regression
analysis. As mentioned above, the RI obtained in the ste-
notic kidney cannot be used to get any information of
renal damage. As a consequence of this inconsistency,
other papers could not confirm this highly predictive val-
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ue of RI in patients with renal artery stenosis [25, 26].
Zeller et al. [26] did the follow-up of 241 patients who
underwent percutaneous HEM with atherosclerotic renal
artery stenosis. However, in the subgroup of 39 patients
with a pre-interventional RI >0.80, mean arterial blood
pressure as well as mean serum creatinine significantly
decreased 1 year after angioplasty or stenting. Further
prospective studies have to show whether measurement
of intrarenal RI can help in the decision of intervention-
al treatment of renal artery stenosis.

Other renovascular diseases such as arteriovenous fis-
tulae after kidney biopsy or renal artery aneurysms in
female patients with fibromuscular dysplasia [27] may
also be detectable with Doppler sonography; however, in
most of these patients a further imaging technique is
needed for the planning of therapeutic procedures.

Doppler Sonography after Renal
Transplantation

All vascular problems, mentioned above for native
kidneys, can be diagnosed often more easily in transplant-
ed kidneys. However, it has to be additionally considered
that significant iliac artery stenosis proximal to the anas-
tomosis may also induce the same stenotic flow pattern
as in the renal artery itself [28]. As a consequence, all
clinical symptoms of transplant renal artery stenosis,
such as renovascular hypertension and renal dysfunction,
may also occur in patients with proximal iliac artery ste-
nosis. Therefore, the common iliac artery and transplant
renal artery should always be examined in the same ses-
sion [28].
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Introduction

Renal artery stenosis (RAS) may induce renovascular
hypertension and ischaemic nephropathy. For decades,
research has been focused on non-invasive diagnostic
techniques, which might reliably predict the outcome
of blood pressure and renal function after revascular-
ization of RAS. In 1991, Geyskes and de Bruyn [1]
found that captopril renography predicted the out-
come of blood pressure in 94 patients with significant
RAS with sensitivity and specificity of 91 and 62%,
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respectively. However, this technique shows less
diagnostic accuracy in patients with renal failure [2].
Schoenberg ef al. [3] have shown that magnetic
resonance angiography is a reliable tool for the non-
invasive grading of RAS, if phase-contrast flow
measurement is achieved [3]. This technique offers
important information on functional consequences of
stenoses with potential impact on the glomerular
filtration rate. Nevertheless, a correlation with the
clinical outcome after intervention in patients with
significant RAS is still not available.

Doppler sonography has been steadily improved
over the last years and is now frequently used as
first-line screening test for patients with suspected
RAS [4-7]. In addition, arguments have been presented
to indicate that it may also be useful to predict
outcome after revascularization. The combined
approach to the main renal artery, as well as to
the intrarenal arteries, seems to be the ideal technique
to overcome the limitations of this tool, such as
impaired visualization due to bowel movement and
obesity [5,6,8].

The ‘extra-renal’ parameters of choice are the peak
systolic velocity, obtained in the main renal artery,
as well as the renal aortic ratio of the maximum blood
flow velocities, determined in the aorta and in the main
renal artery. Significant RAS is present, if peak systolic
velocity >1.8-2.0m/s or renal aortic ratio >3.5 are
obtained [4-8] (Figure 1).

Additional intrarenal scanning permits the diagnosis
of RAS without direct imaging of the main renal
artery. In 1994, Schwerk et al. [9] introduced the
Resistive Index (RI) obtained in the interlobar arteries
as a reliable indirect parameter for detecting RAS.
The authors calculated the side-to-side difference of
intrarenal RI >5% with the lower RI in the post-
stenotic kidney. Sensitivity and specificity were 100 and
94%, respectively, for moderate and severe RAS [9].
In the meantime, intrarenal RI has been frequently
evaluated for different nephrological issues [10,11].
In a single prospective study [12] a high intrarenal RI
was found to be negatively correlated with the outcome
of intervention in patients with atherosclerotic RAS.
A high RI (RI>80) was felt to reflect advanced renal
damage, which would explain the interventional
treatment failure. However, these amazing results
were not uniformly confirmed in different studies
[13-15].

The aim of this review is to comment on the
contradictory findings of recent papers and to shed
some light on the mystification of intrarenal RI, with
special attention paid to its use as a predictive
parameter for the outcome of intervention in patients
with RAS.

Intrarenal Resistive Index and its affecting factors

The RI is a ratio of peak systolic and end diastolic
velocity, derived from the Doppler spectrum of any
vessel (Figure 2). Initially this index was introduced
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Fig. 1. The green colour indicates high blood flow velocities and
turbulences near the ostium of the left renal artery scanned with the
patient in a supine position. Peak systolic velocity of 269cm/s
detected with an angle of 53° indicates moderate renal artery
stenosis.

Fig. 2. Intrarenal RI is derived from the formula of Pourcelot [16].
RI of 51 is determined in the Doppler flow pattern of a kidney with
proximal RAS. The ‘tardus-parvus’-flow pattern reveals low peak
systolic and high end diastolic velocity resulting in low RlI-values
from 42 to 53.

by Pourcelot [16] for the grading of stenoses of the
carotid artery. There is some evidence that several
factors influence intrarenal RI: (i) the extent of
stenosis; (ii) the distensibility/stiffness of the vascular
system; (iii) non-renal factors and (iv) the location of
intrarenal Doppler measurement.

Extent of stenosis

Significant narrowing of the vessel induces a reduction
of the peak systolic flow velocity, including a loss of
the so-called ‘early systolic peak’. While end diastolic
velocity increases in stenoses, RI decreases, because
PSV is calculated in the nominator of the ratio
(Figure 2). The more severe the RAS, the lower the
RI is determined [5].
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Distensibility/stiffness of the arteries

In vitro experiments have shown that the degree of
distensibility of the vessel has an important impact
on the post-stenotic Doppler waveform. The loss of the
early systolic peak is normal in an artery with high
compliance; however, this is a sign of significant
stenosis in an artery with low compliance. Therefore,
a higher RI is measured in vessels with low compliance
than in those with excellent compliance [17,18].

The interaction between distensibility and Doppler
waveform of the vessel may explain the data of
intrarenal RI, recently evaluated in patients with
renal allografts [19,20]. Heine et al. [19] found
a significant correlation between intrarenal RI, derived
in 105 stable renal allografts, with parameters of
atherosclerosis of the recipients, e.g. intima media
thickness, Ankle Brachial Index and the Framingham
risk score. Very recently we found corresponding data.
Intrarenal RI of 76 renal allografts with stable renal
function significantly correlated with the pulse wave
velocity of the recipients, obtained from the carotid
to the femoral artery [20].

In summary, the stiffness of the supplying arteries,
e.g. the aorta or the iliac artery, have a significant
impact on the RI derived in renal allografts.
Both the in vitro data as well as those of transplanted
grafts must be borne in mind when interpreting the RI
of native kidneys. The Doppler signal of the kidney
appears to be a mirror of the vascular system of
the patient independently from the degree of renal
damage. Consequently, there was no correlation found
between RI and the glomerular filtration rate of
the grafts in both trials [19,20]. In another study,
correlation of RI with renal histopathological para-
meters revealed a relationship exclusively with
the degree of renal arteriolosclerosis, measured as
percentage of vessels showing wall thickening or
hyaline change [21].

Non-renal factors

Further non-renal factors have an impact on the
intrarenal RI of the kidneys. For example, tachycardia
induces low values of RI, simply because the systolic
peak begins earlier than in the case of normal heart
rate. Similarly, bradycardia (heart rate <60 beats/min)
induces high values of RI due to later beginning of the
next systolic peak with less endiastolic velocity.
Needless to say, the vascular resistance of kidney
does not change with the heart rate. It is worth
mentioning that in case of arrhythmias, RI does not
give any information on renal perfusion. Especially in
patients with atrial fibrillation, RI should not be used
for the diagnosis of RAS.

In patients with insufficient aortic valve, high
intrarenal RI is calculated due to the high amplitude
of blood pressure. Vice versa, in patients with
significant stenosis of the aortic valve, low RI is
registered in the kidneys.
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Acute swelling of the kidney leads to an increase
in vascular resistance. Therefore, high RI is registered
in patients with significant renal obstruction [22], with
haemolytic uraemic syndrome [23], as well as in those
with acute transplant rejection [24]. In these cases,
renal Doppler sonography may be useful for thera-
peutic monitoring, rather than for making the final
diagnosis.

The location of intrarenal Doppler measurement

Intrarenal RI decreases from the hilum of the kidney
towards the renal cortex [18]. While the ‘early systolic
peak’ frequently appears in the normal Doppler flow
pattern of an hilar artery, this phenomenon is rarely
detected in the interlobular renal arteries. Therefore,
if intrarenal RI is calculated from the flow pattern of
the hilar artery, higher values of RI are expected.
This might be one reason for the discrepancy in current
published data. However, it is common sense to
calculate intrarenal RI without the ‘early systolic
peak’ obtained from the spectra of the interlobar or
segmental arteries.

Bearing all non-renal factors in mind, it might be
valid to question whether high intrarenal RI is really
an indicator of advanced morphological damage and
thus helpful in predicting interventional outcome
in patients with RAS?

Is the intrarenal Resistive Index predictive for
patients with RAS?

Radermacher et al. [12] found that intrarenal RI > 80
obtained in segmental renal arteries was highly
predictive of treatment failure in patients with athero-
sclerotic RAS. In this single-centre prospective trial,
90 of 91 patients with RI < 80 showed improvement of
blood pressure after angioplasty or stenting of RAS.
Multivariate odds ratio of RI>80 for worsening of
renal function was 100-fold higher than the odds ratio
of other diagnostic tests or established predictive
clinical parameters [12]. Due to this clear superiority
in a single study, the Doppler parameter was imple-
mented in several guidelines and reviews on the
approach to patients with RAS [25,26]. However,
there are essential limitations to the study. The authors
did not clearly affirm whether they used the RI of the
stenotic kidney or the RI of the contralateral side for
statistical evaluation. This detail is important, due to
the impact of stenotic grading on intrarenal RI.
The lower the post-stenotic RI, the higher the
percentage of luminal reduction of the renal artery
[5]. Therefore it is useless to use post-stenotic RI to
identify advanced renal damage. Because 47 patients
with bilateral RAS were included in the study,
post-stenotic RI was used for statistical evaluation
in 36% of the patients [12]. It is likely that several of
these patients with RI>80, who were treated with
angioplasty, did not have severe RAS. In addition,
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it is notable that patients with a reduction in the
diameter of renal arteries of at least 50%, which might
be not significant, were included in the study [12].
This may explain the high rate of treatment failure in
the group of patients with RI > 80.

Recently, Voiculescu et al. [27] evaluated post-
stenotic RI separately from contralateral RI in patients
with unilateral RAS. The univariate odds ratio for
contralateral RI>80 was not significant for the
prediction of blood pressure outcome in this study.
However, post-stenotic RI of <55, in combination with
renin ratio of selective renal vein sampling, showed
best sensitivity and specificity of 88 and 67%,
respectively, for predicting blood pressure outcome
after intervention [27]. It seems plausible that severe
RAS detected by low post-stenotic RI (RI < 55)
responds more frequently to intervention than moder-
ate RAS with higher post-stenotic RI.

Although several recent studies did not explicitly
calculate the predictive value of RI for the outcome
of RAS after intervention, there are some important
data worthy of mention.

In a huge group of 241 patients uniformly treated
with stent angioplasty for severe RAS (>70%),
Zeller et al. [13] found, in 39 patients with RI > 80,
significant improvement of blood pressure as well as
improvement of renal function. Similarily, in a small
study of 36 patients with successful revascularization
of atherosclerotic renal artery stenosis, Garcia-Criado
et al. [14] found no difference of renal function
outcome between patients with intrarenal RI > 80
and those with RI < 80.

Soulez et al. [15] calculated the bilateral RI
representing an average of RI measurements of both
kidneys. A threshold of RI <75, together with a kidney
length of >90mm, predicted a favourable outcome
after angioplasty with sensitivity and specificity of
81 and 50%, respectively. This low specificity does not
really help the physician to decide for or against
angioplasty for the patient.

Finally, the latter results confirm the early data
of Frauchiger et al. [28], who studied the predictive
value of the ratio of diastolic and systolic intrarenal
flow in 32 patients with 35 interventions for RAS.
They found that the ratio <0.30, corresponding to
RI> 70, weakly correlated with clinical failure of
subsequent renal artery intervention. However, in the
majority of patients, a ratio >0.30, corresponding
to normal RI, had no prognostic significance.

Conclusions

Many ‘non-renal’ factors affect the RI obtained in
the intrarenal arteries of the kidney. These factors must
be considered, if intrarenal RI is used as parameter
to predict interventional success. The haemodynamic
impact of the post-stenotic flow pattern in RAS
prohibits the use of RI for the diagnosis of advanced
renal damage in patients with severe RAS. The
predictive value of RI in non-stenotic contralateral
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kidneys is contradictory in the recent literature.
An RI >80 cannot be recommended as the predictive
parameter of choice for the outcome of intervention
in patients with significant unilateral RAS. However,
low intrarenal post-stenotic RI indicates more
severe stenosis, which is more likely to respond to
intervention than low grade or moderate RAS.
The current controversy must be solved by further
studies.
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Introduction

In the first 40 years, after its recognition as a clinical
entity, primary hyperparathyroidism (HPT) presented
as a disorder with kidney stones and bone disease.
Now, HPT is often recognized as a result of
biochemical screening, or as part of an evaluation for
decreased bone mass [1,2]. The diagnosis of HPT
is usually made by finding an inappropriately
elevated serum parathyroid hormone (PTH) concen-
tration associated with hypercalcaemia. The current
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understanding of molecular mechanisms of calcium
regulation by calcium-sensing receptor (CaSR) and
proliferation of parathyroid cells by oncogenes (RET)
and tumour suppressor genes (MENI1 gene, HRPT2
gene) has in part changed the management of HPT.

Calcium-sensing receptor

Serum ionized calcium concentrations are normally
maintained within the very narrow range achieved
through a tightly regulated calcium-PTH homeostatic
system [3]. PTH is secreted almost instantaneously in
response to very slight reductions in serum ionized
calcium, which are sensed by the CaSR. The CaSR
which is responsible for calcium-sensing by the
parathyroid gland is a seven transmembrane-domain
GTP-binding protein. There is a steep inverse sigmoi-
dal relationship between the serum ionized calcium and
PTH concentrations, with a mid-point or set-point of
this function, i.e. the calcium concentration at which

© The Author [2006]. Published by Oxford University Press on behalf of ERA-EDTA. All rights reserved.

For Permissions, please email: journals.permissions@oxfordjournals.org





