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Abstract

The present clinical practice recommendations are addressed to physicians of all specialties,
who perform Doppler ultrasound examinations of the kidneys on a daily basis, and in par-
ticular to specialists in radiology and imaging diagnostics. The recommendations were based
on the Ultrasonography Standards of the Polish Ultrasound Society and current scientific
reports consistent with Evidence Based Medicine. The paper discusses patient preparation
protocol, examinat ion technique with particular emphasis on patient’s position allowing to
obtain proper Doppler angle of insonation, as well as diagnostic limitations of the technique.
Normal blood flow parameters as well as those indicating hemodynamically significant steno-
sis are also presented. Although the 2013-2014 American guidelines for renal artery duplex
sonography (AIUM Practice Parameter for the Performance of Native Renal Artery Duplex
Sonography and AIUM Practice Guideline for the Performance of an Ultrasound Examination
of Solid-Organ Transplants), which were the basis for many national recommendations, have
not been significantly updated to date, a large body of scientific research indicates the need
for revision of current Doppler ultrasound standards and parameters, particularly for patients
receiving endovascular treatment due to renovascular hypertension. Therefore, the paper re-
fers to the current issue of ultrasound scan interpretation in patients receiving endovascular
stenting, after transplantation of kidney, as well as in pediatric patients.

to be the gold standard. As a result, a greater responsibility
has been shifted to physicians performing ultrasound scan-

A number of important scientific reports, which significant-
ly changed the diagnostic and therapeutic approach to the
treatment of renal artery stenosis — the leading cause of sec-
ondary renal hypertension, have been published since the
latest standards for ultrasound examination of renal arteries
of the Polish Ultrasound Society were published (2014). The
introduction of 2017 ESC Guidelines on the Diagnosis and
Treatment of Peripheral Arterial Diseases (including renal
arteries) significantly limited the indications for endovascu-
lar treatment, and thus angiography, which was considered

ning, who are involved in first-line diagnosis of renal arte-
rial stenosis as well as co-responsible for an optional exten-
sion of the imaging algorithm in a given patient. It should
be emphasized that the so far used hemodynamic criteria
for the diagnosis of renal stenosis have not changed in the
official recommendations of American and European ultra-
sound societies (the 2013 AIUM criteria are still in effect).

A long-term follow-up in both the RENAISSANCE research
program and smaller studies conducted in a group of pa-
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INDICATIONS FOR DOPPLER ULTRASOUND OF RENAL ARTERIES

4

NATIVE ARTERIES (PATIENT'S OWN KIDNEY)

1. Hypertension (especially for a significant suspicion
of renovascular hypertension)

2. Monitoring of patients with previously diagnosed
renovascular disease (e.g. after endovascular
intervention)

3. Vascular murmur in the epigastrium

4. Suspected vascular pathology, such as aneurysm,
pseudoaneurysm, malformation or arteriovenous fistula

5. An attempt to identify the causes of renal failure
in patients at risk of renal vascular disease

6. Evaluation of renal vascularization in patients with
clinically known aortic dissection; traumatic patients;
or those with other diseases potentially reducing kidney
perfusion

7. Significant asymmetry in kidney size

TRANSPLANTED KIDNEY ARTERIES

1. Screening aimed at determining the baseline value
of renal hemodynamic parameters

2. Follow-up of abnormalities from previous examination

3. Coexistence of tenderness, pyrexia, sepsis or disturbing
clinical symptoms (increased creatinine, oliguria/anuria)

4. Evaluation of renal vascular patency

5. An attempt to identify the causes of hematuria,
hydronephrosis, ureteral dilatation, bladder pathology

6. Verification of the presence of perirenal cisterns

7. Transplant assessment in patients with coexisting arterial
hypertension

8. Assessment for iatrogenic damage/complications
after biopsy

9. Assessment for lymphoproliferative disease

Fig. 1. Indications for Doppler ultrasound of renal arteries. Modified based on: AIUM Practice Parameter for the Performance of Native Renal
Artery Duplex Sonography (2013) and AIUM Practice Guideline for the Performance of an Ultrasound Examination of Solid-Organ

Transplants (2014)

tients treated with endovascular stenting showed that the use
of standard diagnostic criteria for renal arterial stenosis re-
sults in an overdiagnosis of the disease. Although the results
of these studies are not yet reflected in the current, though
outdated, global diagnostic guidelines, we decided to present
them in this paper to show the newly emerging trends.

Indications for US examination

Importantly, the indications for Doppler imaging of re-
nal arteries have not changed (Fig. 1). Suspected correct-
able vascular pathology or defect is the main indication
for Doppler examination both in native arteries, as well as
in the arteries in a transplanted kidney. At the same time,
there are no absolute contraindications to duplex sonog-
raphy!?.

It should be kept in mind that the examination may pose
difficulty and may have limited diagnostic value in the case
of obese patients, lack of respiratory cooperation and ex-
tensive reflection artifacts due to bowel gases. Ultrasonog-

raphy is also of limited diagnostic value in renal parenchy-
mal diseases®?.

Limitations:

1) anatomy and congenital defects — mobile kidney, multi-
ple renal arteries, horseshoe kidney;

2) severe condition of the patient — lack of respiratory co-
operation;

3) difficult scanning conditions - large amount of intesti-
nal gases or obesity

Equipment

Ultrasound machine intended for renal artery examination
needs to be equipped with duplex function for the evalua-
tion of color coded blood flow (preferably with additional
options for visualizing low-velocity blood flow), and re-
cording of the blood flow spectrum. Due to the deep lo-
cation of both renal arteries and the kidneys themselves,
a typical convex transducer with a frequency of 2-5 MHz
(usually 3.5 MHz) is used in most cases. In well-prepared,
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slim patients, blood flow assessment may be performed us-
ing a 6-12 MHz multi-frequency linear transducer, allow-
ing for more accurate hemodynamic measurements and a
more favorable Doppler insonation angle®?.

Patient preparation

As in the case of any other ultrasonographic examination
of abdominal organs, patients should report fasted, i.e. af-
ter about 8-hour fasting (the last meal should be consumed
before 6 p.m. the day before the scheduled ultrasound).
The use of tobacco products and chewing gums on the day
of scanning is also strongly discouraged due to the risk
of ingestion of large amounts of air, which promotes the
formation of artifacts that affect the full diagnostic assess-
ment. Simethicone at a dose of 80 mg (2 capsules) 3 times
daily 1-2 days before scanning and 80 mg (2 capsules) on
the day of ultrasound examination is increasingly recom-
mended in obese and immobilized patients with impaired
peristalsis, and, increasingly often, in slim patients”.

Technique

The aim of scanning is to visualize all renal arteries
throughout their course from the aorta to the level of seg-
mental and interlobar arteries. Additionally, the size of
kidneys (in at least two dimensions), the renal corticome-
dullary differentiation, and the presence of focal lesions

Normal blood flow characteristics
in renal artery trunks®

- steep velocity curve in the contraction phase

- spectral window present

+ absence of reversal blood flow direction

« slow return to the end-diastolic velocity

- flow velocity in the trunk usually the same or slightly slower than
in the aorta

Normal values of blood flow parameters
in renal arteries!?

« PSV in the trunk of about 100 cm/s

- RAR (renal aortic ratio, the ratio of maximum blood flow velocity
in the renal artery to the maximum velocity in the aorta)
of about 0.8-1.0

- Al (acceleration index, the rate of acceleration specifying the slope
of the curve expressed in m/s2) =3 m/s?

« AT (acceleration time, the time counted in seconds since
the beginning of the systolic phase to reaching the maximum
velocity in the mid-systolic phase) <0.07 s

« Pl (pulsatility index) 0.78-1.33

« Rl (resistance index) about 0.5-0.8

Tab. 1. Blood flow characteristics in normal renal artery. For trans-
planted renal artery, the renal iliac ratio (RIR) is used inste-
ad of RAR (normal RIR values are identical to RAR)

or hypotonia of the collective system should be always as-
sessed. For transplanted kidneys, it is important to search
for potential perirenal fluid collections that may indicate
a pathological process or improper surgical technique®?.

The scanning always begins with the morphological as-
sessment of kidneys and renal vessels in B-mode images;
followed by a color-coded evaluation of blood flow, with a
particular attention paid to the so-called aliasing regions,
which are indicative of turbulent flow, and thus a possible
stenosis or arteriovenous fistula®259),

Periaortic segments of renal arteries are best evaluated in
the transverse plane (perpendicular to the aorta), moving
from the midline to the midclavicular line in a patient
in a supine position. It should be noted that renal arter-
ies arise from the aorta, slightly below (about 1.5-2 cm)
the superior mesenteric artery, with the right renal artery
arising from its anteriolateral aspect, and the left renal
artery arising slightly lower, from its posterior-lateral as-
pect. Visualization of the left renal vein makes it easier to
identify the left renal artery; the artery is located slightly
deeper than the vein. The right renal artery is noticeably
longer and runs from the posterior to the right renal vein
and inferior vena cava; both venous structures may hin-
der diagnostic color-coded presentation and appropriate
spectral recording. It may happen that despite optimal
visualization of arterial trunks on B-mode and color-cod-
ed images, as well as attempts to tilt the transducer, it is
impossible to obtain diagnostic values of Doppler insona-
tion angle. In such cases, scanning in a longitudinal plane
in a patient placed in the left decubitus position - the so-
called “banana peel view”, should be attempted. Evalua-
tion of perihilar and intrahilar segments is performed in
a patient in decubitus position with the opposite upper
limb pulled up high behind the head and full extension of
the opposite lower limb; for the right side — in the ante-
rior or middle axillary line, while for the left side — in the
middle or posterior axillary line®®.

Spectral recording of blood flow is the final stage of ultrasono-
graphic assessment. Arterial vascularization is assessed in the
para-aortic segment (for transplanted kidneys — at and around
the anastomosis with the iliac artery), central and perihilar
segment of the renal artery trunk, as well as at the intrarenal
level, at least at three levels: upper pole, central part and lower
pole of the kidney. While obtaining appropriate insonation an-
gle (<60°) at the level of the main renal artery trunk plays a key
role for the interpretation of hemodynamic parameters, angle
correction is not needed at the intrarenal level if no assessment
of the Al parameter (acceleration index) is performed®-.

Blood flow velocity measurements are performed in a lon-
gitudinal projection/longitudinal section of the vessel, with
the gate positioned at the central part of the stream, which,
under normal conditions, corresponds to the centre of the
vessel. The size of the gate should be "2~ of an unobstruct-
ed blood vessel lumen (1.5-2.0 mm in practice).

Doppler spectral samples should be recorded during pa-
tient’s inhalation when the scanning is performed in the
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decubitus position or during breath-hold, when the trans-
ducer is applied in the midline; therefore patient’s respira-
tory cooperation is of key importance®.

Ultrasonographic measurements

Knowledge on the nature of blood flow and standard blood
flow parameters for healthy vessels is crucial in the diag-
nosis of renal arterial stenosis. The spectrum of blood flow
velocity in renal arteries and their branches is a low re-
sistance one. A decrease in blood flow velocity is observed
in renal arterial branches while moving toward the distal
direction. However, the low-resistance nature of spectrum
remains unchanged (Tab. 1).

The first two of these blood flow parameters, i.e. the maxi-
mum systolic velocity and renal-aortic ratio (RAR), are
evaluated in the renal artery trunk, while the other ones,
i.e. acceleration rate, acceleration time and the values of
vascular resistance (pulsatility index [PI] and resistivity in-
dex [RI]) — in the intrarenal branches of renal arteries. The
maximum blood flow velocity in the renal arteries should
always be considered in relation to the velocity of blood
flow in the abdominal aorta, where the range of the maxi-
mum blood flow velocities varies from 30 cm/s in patients
with circulatory failure or major atherosclerotic lesions to
150 cm/s in young people with hyperkinetic circulation.

In pediatric patients, it should be remembered that normal
RI ranges between 0.6 and 0.8 in children under the age of
1 year®?. RI values typical for adults are achieved already
6 to 12 months after birth and, according to some sources,
RI values above 0.7 are not found in healthy children over
36 months of life®'?, Reports indicating that renal arte-
rial stenosis cannot be excluded in children merely based
on ultrasonography, with classical angiography still repre-
senting a reference method for the assessment of this pa-
tient population, are also of great importance!'V.

Velocity measurements are performed when the Doppler
angle of insonation is 60° or less. Measuring velocities in
tortuous vascular segments, where physiological increase
in velocity is always recorded, should be avoided. It is usu-
ally very difficult to confirm or rule out stenosis in this
location. In such situations, the morphological image of
the vessel should be carefully analyzed and measurements
should be made with a wide sampling gate.

Below are presented individual blood flow parameters
used in the diagnosis of significant stenosis (Tab. 2).

The RAR index compares blood flow at the site of potential
stenosis with a normal reference site, i.e. with blood flow
values in the abdominal aorta at the level of renal arterial
origin. It must be borne in mind that if the PSV values in the
abdominal aorta are abnormal (beyond the range of 40-100
cmy/s), the calculation of the RAR index becomes useless'?.
Furthermore, PSV values in the renal artery trunk >1.8 m/s
and <2.0 m/s are indicative of <60% stenosis. RAR ratio
>3.0 and <3.5 indicates a similar degree of stenosis"?.

The diagnosis of hemodynamically
significant renal artery stenosis
(260%)">9

- peak systolic velocity (PSV) 2.0 m/s

- end-diastolic velocity (EDV) 21.5 m/s

«RAR =35

- acceleration time (AT) =0.08 s

- acceleration index (Al) <3 m/s?

« Rl difference >0.05 (stenosis occurs when there is lower Rl value)

- difference in the size of the kidneys >15 mm

Tab. 2. Hemodynamic exponents of significant renal artery steno-
sis. For transplanted renal artery, the renal iliac ratio (RIR)
is assessed instead of RAR. Furthermore, a comparison
of RI values and the size of kidneys is not used in this group
of patients

The first three of these blood flow parameters, i.e. maximum
systolic velocity, end-diastolic velocity and RAR are evaluat-
ed in the renal artery trunk, while the other parameters, i.e.
acceleration rate, acceleration time and vascular resistance
index — in the intrarenal branches of renal arteries.

The following parameters are crucial in the diagnosis of
stenosis: PSV at the stenotic site, RAR and the acceleration
time in the intrarenal segment.

Long-term monitoring in patients after renal arterial angi-
oplasty with stent implantation indicates overdiagnosis of
restenosis when using the above mentioned conventional
hemodynamic ultrasound criteria®*'9. Slightly modified
criteria for the diagnosis of renal in-stent restenosis pro-
posed in the RENAISSANCE study (Tab. 3) have shown
satisfactory, high sensitivity and specificity (83.3% and
91.7%, respectively)!?; therefore, a critical look should be
particularly given to the diagnosis of minor/borderline ste-
nosis in this population.

Renal artery occlusion can be detected only when there is
no evidence of the blood flow in the visualized renal artery
trunk. By no means does the absence of a renal artery im-
age allow for the diagnosis of its obstruction.

Description and photo documentation
of the test

Each description of a renal artery examination should con-

tain the following data:

* patient’s name, age and, optionally, PESEL number
(Polish personal identification number);

e the date of the test;

* name of the apparatus, information about the type/types
of transducers and their frequencies.

The description should provide information on the lo-
cation, size and morphological image of the kidneys, as

J Ultrason 2018; 18: 338-343
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Restenosis criteria according
to RENAISSANCE

- renal/aortic ratio (RAR) 3.5
- peak systolic velocity (PSV) 2225 cm/s

- turbulent blood flow immediately after the stent

Tab. 3. Ultrasonographic morphological criteria and hemodyna-
mic diagnosis of in-stent restenosis proposed by the authors
of the RENAISSANCE study

well as details concerning the segments of the visualized
renal arteries, e.g.: “The right renal artery was visualized
throughout its entire course and its intrarenal branching.
The left renal artery trunk was not visualized in the initial
and middle section; only the perihilar section and intrare-
nal branching were visualized”.

The description will depend on whether the imaging re-
veals normal or pathological renal arteries.

If the image of the renal arteries is normal, individual
blood flow parameters in the trunk or intrarenal branches
should not be included in the description (the photograph-
ic documentation contains images of blood vessels along
with the recorded velocities).

In the event of diagnosing a pathology, details on the ab-
normal course and possible dilation of the renal artery
should be included in the description, e.g.: “Right renal
artery tortuous”, “Aneurysm of the left renal artery in the
hilar area- dimensions...” If atherosclerotic plaques are
present, their location should be reported. If the plaques
cause stenosis and increased blood flow velocity, the de-
scription should include the following values: PSV at the
site of stenosis, RAR index, systolic acceleration time (AT)
and the RI index — evaluated intrarenally. Stenosis should
be graded as significant, i.e. 260% and eligible for treat-
ment, or non-significant, requiring a follow-up or verifica-
tion using other diagnostic tools, such as CT angiography.
If no renal artery/arteries are visualized in the examina-
tion, this information should be included in the descrip-
tion and other imaging techniques (MRI angiography, CT-
angiography) should be recommended.

Photographic documentation (printouts from a video
printer or a computer printer or a CD) with the name and
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surname of the patient should be included in the docu-
mentation. The documentation consists of the images of
the right and left kidney along with the size.

For normal image of renal arteries:

* a record of the spectrum and velocity measurement in
the periaortic segment of the renal artery — bilaterally;

* a record of the spectrum and velocity measurement in
the perihilar section of the renal artery — bilaterally;

e a record of the spectrum and the measurement of the
velocity, AT and RI in intrarenal branches - bilaterally
(only one photo of each side).

For stenotic arteries:

e a record of the spectrum and the measurement of the
acceleration at the stenotic site;

e a record of the spectrum and the measurement of the
velocity in the abdominal aorta at the exit level of renal
arteries;

¢ arecord of the spectrum, the measurement of AT and RI
and velocity values in intrarenal branches;

* the image of stenosis with the use of the color coded
blood flow.

For other morphological changes:
e an image e.g. of the tortuous segment of the renal artery
or an aneurysm.

Conclusions

The latest guidelines of the European Society of Cardiol-
ogy (2017) emphasize the role of Doppler ultrasonogra-
phy as the primary, first-line examination in patients with
suspected renovascular hypertension. Although previous
hemodynamic criteria for the diagnosis of renal arterial
stenosis proposed by global ultrasound societies have not
changed significantly since 2014, current reports in line
with Evidence Based Medicine point to the need for diag-
nostic vigilance, especially in patients with renal arterial
stent, whose increased PSV may reflect physiological ad-
aptation to the new anatomical conditions.
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