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Pattern recognition of loss of early

systolic peak by Doppler ultrasound has a

low sensitivity for the detection of renal

artery stenosis

CT Postmal, PJ] Bijlstra', G Rosenbusch® and Th Thien!
'Department of Medicine, Division of General Internal Medicine; and *Department of Diagnostic
Radiology, University Hospital, 6500 IIB Nijmegen, The Netherlands

In @ group of 57 hypertensive patients seen in the out-
patient department, the authors did a prospective study
to the value of pattern recognition of changes in early
systolic peak by Doppler ultrasound (DU) in the examin-
ation of renal arteries, as compared with intra-arterial
digital subtraction angiography. In five patients (8.7%)
DU resulted in technical failure, in one because of the
inability to hold breath long enough, in one because the
Doppler signals from one part of the kidney were
unclear and in three bhecause overlying adipose tissue
hindered the examination. Among the remaining 52
patients, 13 had unilateral and six bilateral stenoses
greater than 50% of the luminal surface on angiography.

By DU 10 patients with a stenosis were identified, one
of which was a false positive result. Of the remaining
nine, six patients had a unilateral stenosis and three a
bilateral stenosis that was identified as unilateral by
ultrasound. Therefore, none of the bilateral stenosis was
identifled as such by DU. Thus, for the detection of renal
artery stenoses greater than 50% visual waveform
analysis of DU signals has a sensitivity of 47% and a
speclficity of 97%. The conclusion is therefore that the
DU procedure employed in this study has a limited value
in the examination of the renal arteries of hypertensive
patients with the alm to detect renal arterial stenosis.

Keywords: Doppler ultrasound,; renal artery stenosis; diagnosis; secondary hypertension

Introduction

Renovascular discase 1s one of the most common
causes ol rovoersible, secondary hypoertension,! Tho
prevalence ranges from 0.5% o 5% but can be as
high as 9.8% among hypertensive patients over 60
yoars ol age,” and because of the potential curable
nature its detection is important.™* Also, the medi-
cal treatment of hvpertension in these patients mav
lead to irreversible loss of renal Tunction.”

In the light ol the rather low prevalence, a non-
mvasive screening procedure for this condition
should be preferred. The noo-invasive procedures
examined so far have however, nol shown enough
reliability to be used in elinical practice.t?

sSince the improvement of the Doppler ultrasound
(DU technique it is possible to examine deep-lying
abdominal vessels in this way The clinical poten-
tial of this method in also detecting renal artery
stenosis (RAS) has been reportod.” 1 Some studies
concluded that it was a reliable way to detoct RAS
among  hypoertensive  pationts,™'  although con-
clusions of more recent research about this subject
were less optimistic,' ™ These reporls gave sensi-
tivities as low as 0%, and specificitios of 37-50%.
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Also in 31-42% of the patients the renal artery was
not sufficiently visualised to oblain an accurate
Doppler signal,' * the latter mainly due to obesity
or overlying bowel gas.

I contrast to the methods employed to study the
renal arterios directly, the procedures to study the
main renal artery  indirectly via the segmental
arterios reported much higher technical  success
rales and sensitivities in the detection of renal artory
stenosis, ™ The major advantage of such procedures
is thal il is nol necessary lo get a direct limage of the
renal arteries. The signals from the segmental
arteries have to be studied and these are much casier
to locate than the signals from the exact site ol &
stenosis in a main renal artery, Because of the pros-
once of a stenosis proximal to where the Doppler
signal is recorded, changes in the pattern of the
reproduction of the systolic peak blood How velocity
will appear. Several sophisticated caleulations of
changes in the systolic wavelorm parameters like
pulsatility index and acceleration time have been
studied, """ However, the visual interpretation in
changes of the peak systolic wave palterns were
reported o be an acourate parameter to detect a sten-
osis." The recognition of these changes is the basis
of the DU examination procedure of the renal vascu-
lature that we have used in the present prospective
study in hypertensive pationts in the outpationt
clinic,
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Patients and methods

This prospective study was done in the outpatient
clinic of our tertiary referral hospital. The patients
included were hypertensive subjects in whom the
physicians that treated them decmed it necessary to
make an intra-arterial digital subtraction angio-
graphy (DSA). Hypertension was diagnosed if at
three consecutive outpatient visits a subject had a
supine diastolic blood pressure (DBP) over 90
mm Hg measured by sphygmomanometer. The indi-
cations for a DSA were grounded on suspicion of
the presence of secondary hypertension. In most
cases this was based upon the presence of a baseline
untreated DBP over 110 mm Hg or a treatiment resist-
ant hypertension characterised by a supine DBP
over 95 mm Hg despite adequate drug treatment, or
a documented onset of high blood pressure belore
the age of 25 or over the age of 45 years.

After explanation of the study the patients gave
their informed consent. All procedures were done
as out-clinic examinations, including the DSA. Of
the included patients clinical and biochemical data
were analysed. Among the biochemical data was
their supine baseline plasma renin activity (PRA},
atter 2 weeks of cessation of autihypertensive medi-
cation, and the stimulated PRA, drawn 1 h after the
administration of 50 mg of captopril. After the DSA
procedure the patients remained in the outpatient
clinic for at least 8 h to make sure that no compli-
cations had developed.

The DSA was done using the Seldinger technique
with a 5F catheter. A colour duplex real-time system
was used with a 3.5 MHz sector transducer for imag-
ing and 3.0 MHz for Doppler (Toshiba, Sonolayer
Phased Array Scanner SSA-270 A; Toshiba Corp,
Tokyo, Japan). The patients were in supine position.
When necessary they were placed in left lateral or
right lateral position. When optimally audible and
visible the Doppler spectra from the segmental
arteries of the upper and lower poles, at the periph-
ery ol the renal sinus were recorded. The evaluation
of the examination consisted of the visual interpret-
ation of the early systolic peak (ESP) of the Doppler
signal representing renal blood flow in the renal
arteries draining on the investigated segmental
arteries.*

Stavros et al describe three types of waveform that
result from ditferent degrees of narrowing of the
renal artery. The first is the normal waveform in case
oI a stenosis of less than 59%. A waveform consist-
ent with a stenosis of 60-79% and one as a result
ol a stenosis greater than 80%." We regarded a sten-
osis significant if the luminal surface was narrowed
for more than 50%. A difference between 50 and
59% of luminal narrowing on angiography is not
consistent. The inter- and intra-observer agreement
on stenosis in ranges of 10% are very low.' So, we
do not consider a difference between 50 and 59% as
realistic. The same applies for 70 and 80%.'® There-
fore, we made no distinction in degrees of stenosis,
only whether or not a significant stenosis was pre-
sent. As a consequence we also used one interpret-
ation of the waveform morphology. A normal flow
was defined by a systolic upstroke with a single

slope and acute angle of the lirst peak, followed by
a second mid-systolic peak. A wavelorm consistent
with stenosis was considered when the systolic
upstroke ended with an obtuse angle, or showed a
smooth {(more or less) round contour ol the peak
with loss of the midsystolic through. '

The DSA and DU were done within 3 woeeks of
each other. Usually the ultrasound was done first
but on some occasions it was the DSA. The ultra-
sound operators were unaware ol the patients’ medi-
cal history and they were also unaware whether or
not the patients had a stenosis, if angiography had
been done before the ultrasound examination. The
results of the Doppler ultrasound examinations were
interpreted by experienced radiologists who were
unaware of the clinical histories of the patients and
of the outcome of the DSA had it been done prior
to the Doppler ultrasound.

Resulls

Included in the study were 25 male and 32 female
patients, In five patients (9%) the Doppler ultra-
sound resulted in techaical tailure, due three times
to inadequate signals coused by overlying adipose
tissue. The body mass indexes (BMI) of these three
patients were 31, 36 and 39 kg/m* respectively. In
one patient no adequate signal could be obtained in
one ol the segmental parts so the examination was
judged incomplete; one patient could not hold her
breath long enough to permit a successful pro-
cecdlure, In the remaining 52 patients, with 104 kid-
neys, adequate signals for inlerpretation could be
obtained, the average examinalion time per patient
was around 45 min.

The clinical data of these patients are shown in
Table 1 with the dilferences between patients with
and without a stenosis. Those wilh a stenosis had a
significantly lower creatinine clearance as compared
with those without a stenosis (Table 1), Systolic
blood pressure (SBP) and stimulated PRA, were sig-
nificantly higher in the patients with a stenosis
(Table 1). Among the 52 patients 13 had a unilateral
stenosis and six a bilateral stenosis greater than 50%
of luminal surface on DSA. The pathology of the
stenosis, as judged by angiography, was atheroscler-
osis in 13 and fibromuscular dysplasia in six. Of the
13 unilateral stenoses six were identified by Doppler
ultrasound. Of the six patients with bilateral sten-
osis Doppler ultrasound detected a unilateral sten-
osis in three ol them. Although only one stenosis
was recognised by Doppler ultrasound, they were
regarded as a true positive result because the
patients were identified as having renal arterial sten-
osis (Table 2).

By Doppler ultrasound one stenosis was observed
that was not seen on DSA (Table 2). The overall sen-
sitivity of Doppler ultrasound for patients with a
stenosis was therefore 47% and the specificity 97 %
(Table 2). If recognition of only one stenosis in a
patient with bilateral stenoses was regarded false
negative then sensitivity would be 32%.
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Table 1 Characteristics ol patients with an adequate examination on Doppler ultrasound
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Body mass index (Kg/m~) 2644 (5.0) 26,4 {f‘ 2) 25,5 [4.7)
Creatining clearance (mi/min) H7 (42) 05 (45)* 74 )
SHIY (mm Hg} 179 (28) {72 h::".h]*“ 191 (29]
pDBEe (g 1g) 105 (1} 142 (13) 1O0Y [ 15)
Baseline PRA (nmol/1./h) 1.1 (B.4) 5 {1.6) 0.4 (1.3.6)
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Siimulated PRA (nmol/1./h) 0,0 {18.1) 3.7 {6.)° DB (27.1)
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Figures piven are means and figures in brackets, one slandard deviation,

*ndicates stgonilicant difterence PP 0,06,

Stimulated PRA means measured 60 min alter administration of an oral dose of 50 my of captopril.

Table 2 Rosults of the detection of renal arterial stenosis by
Doppler ultrasound of renal arteries compared with angiography
(arterial digital subtraction angiography)

Winlpinbd

18\ Doppler ultrasound”
Unilataea] stenosis 509, 13 (3
Bilateral stenoses © -50Y%, () q
(ielentilied as
unilateril)
False positive - 1
No significant slenosis 33 b

‘Numboers of patients,
Operating characteristios of Doppler tllrasound in the detection
of renal arterial stenosis: Sonsitivity 47%; Spoeacificity 97%,

Discussion

A sensitive non-invasive test to detect the prosence
of RAS in hyperlensive patients would be a very
practical t:linic:ul ool DU is potentially a very valu-
able procedure in this respect. Howoever, formor
studies to the clinical value of DU gave disap-
pointing results.'! ™ The examination of the main
renal arteries is a very dillicult and time consuming
procedure. In particular the high number of techni-
al ’ailurm the low detection rate ol accessory renal
arteries and the low sensitivities indicated that the
studied procedures were unlit to be used tor scroen-
Ing purposes among the goneral hypertensive popu-
lation,™ ** Bul in some groups ol patients,
especially thase with a low BMI, or an easily access-
ihle kidney as in renal transplant recipients, hetter
results of DU in the detection of RAS werc
reported. ™' These studies also  showed  that
although the values and variations of sensitivity and
specificity  woere  strongly  dependont  on the
applicated cut-off points of the Doppler parameters,
sensitivity did not exceed 70% .Y

By applying recognition of wavelorm changes of

early systolic peak obtained [rom the segmental
arteries in the DU uxmnimltiun the technical failure
ate of the procedure can be lowered dramatically.
In the present aluclv we had a technical failure rate
of 9% which is much lower than that reported in
the literature, and the rate of 25% found in a pre-

vious study, in which among other parameters, llow
changes in the main renal arteries were used. ™ The
doetection of accessory renal arteries is also an
important shortcoming in the DU technique in
studying the main renal arteries, It the Doppler sig-
nals are recorded from sogmental arteries that are
located dowpstream from a stenosed vessel, includ-
ing accessory vessels, it showld be possible in
theory, to deteet such a stenosis by changes in the
systolic velocity wave pattern. However, as we bad
no patients with a stenosis inan accessory artery wo
can not conclude whether or not this method allows
detection of stenoses in aceessory renal arteries, A
recent  study  that did  include  accessory  renal
arteries reporled a vory low accuracy lor DU in
detecting renal artery stenosis, and a lolal absence
of the ability to detect arterial stenosis in sepgmoental
and aceossory arteries, ™

The most important characteristic of the DU tach-
nique we studied is its sensilivily in the recognition
ol patients with renal artery stenosis, The sensitivity
established was 47% and tho specilicity 97%. 5o,
hall' of the patients with a stenosis in this sludy
would have gone undiagnosed had we relied upon
Doppler ultrasound.,

In this study the test sensitivity in patients with
bilateral stenoses was even worse. The cause of this
might be in the different mechanisms that are
iuvnlvul in the concomitant lhigh blood pressure
(BP). The opinion is that in unilateral stenosis, al
loast  in some  slages, angiotensin 1T plays an
important  part while in bilateral  stenosis  an
important factor in the sustentation of the high BP is
sodium retention. Alllmu;_,h the changes in systolic
wavelorm morphology in the case of renal artery
slenosis are mllt.l-:.m.m{ by manv factors, it might be
that the changes in arterial compliance brought
about by angiotensin II are different from those
caused by sodium retention, and that the difference
in sensitivity of detecting unilateral and bilateral
slenosis can be found in these different mechanisms.

An important aspect of the technique of analysis
of wavelorm [eatures, apart from its low sensitivity,
is the low inter-observer agreement in the visual
judgement of these wavelforms.”' This is the more
important as other more objective DU measures such
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as acceleration time and peak systolic velocity were
even less reliable in separating stenotic from non-
stenostic renal arteries.*"

A recent study using Doppler tardus wavelorms
for the identification of renal artery stenosis, showed
that in six patients with a moderate stenosis the
waveforms were not classitied as abnormal, but were
recognised as abnormal 1 h after the administration
of captopril.?® The authors explained this by specu-
lating that a high angiotensin II concentration causes
raised intrarenal vascular resistance which obscures
the loss of the end-systolic pressure (ESP) and that
the angiotensin-converting enzyme (ACE) inhibitor,
by lowering intrarenal vascular resistance and
increasing compliance, by inhibiting angiotensin II
formation, makes the loss ol the ESP visible.®* The
detection of renal artery stenosis by renal scintigra-
phy also relies upon high angiotensin II levels in the
atfected kidney influenced by ACE inhibition. But
the sensitivity of renal scintigraphy does not rise
above 75%.%** So ACE inhibitor enhanced DU should
be studied further, including the aforementioned
problem of the low inter-observer agreement in the
visual judgement of DU wavelorms, before its true
value can be inferred. The factors that are involved
in the transduction of the BP curves into the tlow
changes in the renal arteries distant to a stenosis are
so numerous and variable that it is not easy to
understand that only by changing angiotensin II lev-
els could it lead to consistent and unequivocal
changes.**

Another option by which the DU results might be
improved is the use of ultrasound contrast enhance-
ment with galactose-based microparticle suspen-
sions.*® Many DU techniques have been studied in
an attempt to find a reliable non-invasive procedure
to examine the renal vasculature. With the develop-
ment of intrarenal investigation techniques like the
one we employed in the present study much seemed
to have been gained. However, as is illustrated by the
present results and literature up to now, DU is in gen-
eral not reliable enough to permit its use as a screen-
ing procedure for RAS.** In particular, patients with
a low BMI can be examined reliably in this way, but
there remains a strong influence on the results of the
institution where the DU is performed.

We conclude that the DU pattern recognition of
the loss of early systolic peak in segmental renal
arteries is not sensitive enough to be used in clinical
practice for the detection of main renal artery sten-
osis in an unselected hypertensive population.
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