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Introduction

In patients with end stage renal disease (ESRD), the need for
vascular access is mandatory to start haemodialysis (HD) as
renal replacement therapy. Haemodialysis vascular access is
the key point of the therapy. No working vascular access, no
therapy.

Vascular access guides recommend native arteriovenous
fistula (nAVF) as the ideal vascular access type, mainly for its
long durability, higher patency and low rate of complications.
In the last few years, the age of patients with ESRD starting
haemodialysis as renal replacement therapy has increased
significantly, so this means patients with a higher incidence
of multi-pathology, including peripheral vascular pathology or
diabetes mellitus. These factors impact on the success and
associated complications of the vascular access. With all
these factors in mind, follow-up of vascular access is a very
important issue throughout the therapy. Various tools are
available to perform this follow-up.

Doppler ultrasound is one of the surveillance tools. This tool has
a considerable number of advantages above others, as it is a
non-invasive method, permits the morphological and functional
study of the access and with the latest generation of portable
devices can be done in the HD unit, at the patient’s bedside.
Vascular access surveillance using Doppler ultrasound has
been shown to reduce vascular access complications and
increase long-term patency.

Doppler ultrasound helps to facilitate quick decisions and
avoids wasting time referring the patient to other departments.
It allows multidisciplinary team decisions on diagnosis of the
pathology to be undertaken. Doppler ultrasound has now
arrived in the field of nursing. It helps nursing staff make
decisions on where to insert the needle, decide if a vascular



access is ready to use during the maturation process and
reduces extravasation in difficult types of cannulation. Nurses
can play an important role in vascular access surveillance,
because they have most contact with the access, so are
highly familiar with the access and can detect immediately if
something is wrong. In that case, in a multidisciplinary context,
nurses can help the team diagnose problems using Doppler
ultrasound.

The aim of this handbook is to provide users with a practical
guide to vascular access ultrasound use, with basic principles
and applications to daily practice.

Who is this addressed to: from physicians to nurses
Aims for this handbook:

» To review the basic principles of ultrasound

« To review how to perform and interpret the mapping
prior to arteriovenous fistula creation

» To review how to perform the systematic ultrasound
examination in the arteriovenous fistula

« To review how to conduct surveillance of the
arteriovenous fistula and diagnose different pathologies
* To help in daily clinical practice for nurses supporting

cannulation practice and assisting them to rule out
pathology

19
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Medical ultrasound (US) is based on the use of high-frequency
sound and the analysis of the variation that exists when it
rebounds off different structures.

A probe or transducer is used to obtain US image on the
screen, which emits sound waves with a frequency greater
than audible sound. Fequencies from 2 to 20 megahertz are
required for medical application. The probe is composed of
piezoelectric crystals or ceramics with piezoelectric properties:
when electric power is applied, the particles move and waves
are produced. These waves propagate through tissues and
variable amounts of sound waves are reflected towards
the interface through the different tissues with different
impedances. Thus, the probe which emits these waves also
senses the reflected waves (echoes) and converts them into
electrical energy. The transducer converts one type of energy
into another (electrical <--> mechanical/sound).

US devices make efficient use computer capabilities to process
the received information. Thus, based on the distance travelled
by the wave before itis reflected and on the frequency changes
experienced by the wave, this information is presented on a
two-dimensional screen in grey scale. Finally, this image is
assessed and used to make a decision.

There are different types of ultrasound. In this chapter we will
explain: B-mode and Doppler sonography, given that these
are the most useful in vascular access examination.



1. B-Mode Sonography

1.1. Probe Choice

First of all, there are different kinds of probes with several
emission frequencies. The absorption level should be known
to choose the best probe for each examination.

Due to the friction of particles, energy turns into heat, thereby
increasing the average temperature and decreasing wave
energy. This absorption depends on US frequency.

The higher the emission frequencies, the higher the absorption
and the lower the penetration. Therefore, when emission
frequencies are high, absorption is also high and, as a result,
penetration is low. Consequently, the probe should be chosen
with a specific frequency according to the depth of the studied
area.

A linear probe with high frequency (between 7 and 12 MHz)
should be selected to explore superficial structures like arm
vessels, such as a vascular access. In contrast, a probe with
low frequency (between 3 and 5 MHz) should be selected to
explore deep structures like the kidney.

1.2. Echo Generation

Echoes are produced by the interaction of ultrasound with the
medium they pass through.

Different tissues present different impedances, that is to
say, the resistance that each tissue opposes to the passage
of ultrasound. The separation surface between two media
with different impedances is called the interface. When the
US beam passes through an interface, part of this beam is
reflected and another part continues forward. The relation




Handbook on Ultrasound for Vascular Access Examination
From the Specialist to the Nurse

between emitted and reflected intensity is reflection, and
the greater the reflection, the greater the difference between
tissue impedances.

In addition, when the US beam reaches the interface obliquely,
it is reflected and refracted. In the same way as reflection
depends on different impedances between tissues, refraction
depends on different US velocity in these tissues and modifies
beam direction.

1.3. Echo Detection: Image Creation

Different intensity of received echoes is reflected on the screen
using a grey-scale image, where tissues with low impedances
(like liquid, blood and cyst) are shown towards the black
scale (hypo-echogenic) and tissues with high impedances
(like bones or catheter) are shown in the white scale (hyper-
echogenic). Different grades of grey are used to differentiate
soft tissues.

US is attenuated when it passes through a medium.
Attenuation is energy loss due to absorption, reflection,
refraction and diffusion, and it is higher for deep areas, so
the echo intensity received from deep fields is lower than
superficial field echoes. (Fig. 1)

i o i
s

Intensity
(dB)

| Depth
(cm)

Figure 1. Ultrasound attenuation



Since the signal received from deep areas is lower, the
intensity of these deep echoes should be increased, and this
is possible using gain (see B-mode adjustments).

A US device calculates the distance to the different surfaces
(interfaces) using the time between wave emission and
reception to locate each object on the screen. Since emitted
waves travel through tissues and are reflected back to the
probe, the distance to this interface will be: d=1/2 x c x t, where
cis US velocity (in soft tissues it is considered 1.54mm/s) and
tis the time taken by the wave to rebound back.

Regarding image temporal resolution, US devices allow real
time image when they can process 15 images/second. Current
devices can do this, but when using colour Doppler and
Doppler curves, temporal resolution may decrease because
more process capability is required. Thus, to assess structures,
B-mode is the best option to obtain the best resolution as
possible and structures have to be insonated perpendicularly
to allow the probe to capture most of the reflected echoes.

1.3.1. B-Mode Adjustments
To optimize B-mode image:

« The most appropriate probe should be chosen
(see 1.1.)

¢ Depth must be modified to see the object of interest in
the centre of the screen.

e Focus: The best resolution occurs where waves
concur. This point is called the focus and is shown
by a triangle on the side of the screen. Depth can be
modified.

e Gain: As previously commented, because of
attenuation, echo intensity received from deep fields
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is lower than superficial field echoes. Since the signal
received from deep areas is lower, gain can increase
the intensity of these deep echoes and helps to
compensate for any loss of intensity.

Gain should not be confused with grey scale, which modifies
brightness intensity. Gain is usually modified by sliding
buttons representing the different depth zones, and should be
increased for deep areas to balance the processed signal. In
addition, brightness intensity can be modified by turning the
corresponding knob.

2. Doppler Sonography

It is important to know what the Doppler effect is in order to
understand Doppler adjustments and optimization.

Doppler effect is the change in frequency of a wave
perceived by an observer when the wave and the observer
move towards or away from each other. In echography,
US changes its frequency when it rebounds off a moving
object (or reflector). Frequency varies according to reflector
speed, so frequency changes depend on emitted frequency,
reflector velocity, US velocity in the medium and cosine of the
incidence angle (that is, the angle between the US beam and
reflector movement). Reflector velocity is deduced using the
following equation. (Fig. 2)



AF= V x 2Fo X cos a

,:\ Emitted beam (Fo)
d o

Reflecte
beam _ \»M
VRS
Incidence/ N
angle (a) o

\

Figure 2: The Doppler effect / Equation for reflector velocity

Therefore, an incorrect incidence angle could distort results:

» Iftheincidence angleis too high, the cosine approaches
zero, and obtained velocities are lower than real.

» If the incidence angle is too low, the US beam cannot
penetrate into the vessel.

So, the insonation angle should be between 30 to 60°, and
never higher than 60°.

If the reflector is moving towards or away from the source
of the waves, frequency increases or decreases, and flow
becomes red or blue on the screen. However, current devices
allow us to invert these colours.

Thus, Doppler sonography allows us to detect flow velocities,
and can show them on the screen through a colour scale or
Doppler curves.

2.1. Colour Doppler

Colour Doppler shows a semi-quantitative velocity image.
The colour scale gives us an idea of high or low velocity.
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Bright colours represent high velocities and dark colours, low
velocities, but it is not an exact value in units.

Since blood flows according to Poiseuille’s law, due to
viscosity, velocity is lower near the vessel wall and higher in
the vessel centre. This means that colours detected in the
vessel centre are brighter than the periphery.

2.1.1. Colour Doppler Adjustments

The window shape and size must be adjusted to
the target vessel. If the box is too big, the processing
capacity required increases, and the number of images
processed in a time unit decreases, so the optimal
real-time image cannot be obtained.

The colour box should be placed over the vessel
to be insonated at 60° (never >60°) to obtain correct
velocity values. It is essential to remember that velocity
assessment is influenced by the insonation angle.
Care must thus be taken; otherwise, an incorrectly
guided box might not show flow and be interpreted as
vessel thrombosis.

Colour gain must be increased to colour the entire
vessel (from wall to wall) without causing speckling
beyond the vessel. If gain is not suitable, we might not
see an existing flow.

The appropriate colour scale must be used. The
colours shown in the colour scale correspond to
specific values. The ends of the scale, which are
brighter, represent the highest velocities. These values
can be modified by making the scale more or less
compressed. If high velocities are expected in a flow,
the maximum values for the scale must be increased.
If the values are not high enough, an image with colour



mosaic and glitter excess is obtained, although there
is no turbulent flow. However, if values are too high,
less colour will fill the vessel and it is possible to make
a mistake and consider that there is no flow.

e Aliasingis a phenomenon produced when the capacity
to measure the blood velocity of the equipment (speed
scale) is lower than the speed of the blood in the
examined vessel. The maximum speed of the scale
is limited by the number of pulses per second that
can be emitted and received by the transducer. The
colour image will show an area of turbulence without
a defined colour.

2.2. Continuous and Pulsed Doppler: Doppler Curves

US devices provide us with a velocity-time graph by analyzing
the change in frequency of the emitted echo when it rebounds
off a moving receptor. This is possible using continuous
Doppler or pulsed Doppler.

In continuous Doppler, the probe is composed of a US issuer
and an echo receiver. As it can issue, receive and analyse
frequency changes continuously, and can give us a time-
velocity graph. However, this method cannot give an image on
the screen, because it is not able to analyze the time taken by
the wave to leave and return.

In pulsed Doppler, the issuer itself is the object that receives
echoes and analyzes them. Wave pulses are emitted and the
probe analyzes not only the frequency changes but the time
each pulse takes to return. So, it not only gives us velocity
information but image information. With this mode, B-mode
image and flow velocity are obtained at a specific point.
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2.2.1. Doppler Curves Adjustments

The US beam must be placed to insonate flow at <60°
to avoid underestimation of velocities.

Sample Volume must be adapted to vessel size. If
velocity is to be measured, sample volume must be
narrow and located in the centre of the vessel since
the arteriovenous fistula usually has a very turbulent
flow, sample volume must be narrow and located in
the centre of the vessel. Nevertheless, if flow volume
is to be measured, the sample should cover most of
the vessel section as velocity differs in the centre and
periphery of the vessel. The vessel wall should be
excluded since its pulsatility could influence velocity
assessment. The ideal way to do this would be to use
a sample volume covering two thirds of the vessel
section.

Gain can also be modified to avoid speckling or to
intensify obtained signal.

The base line can be moved to visualize the whole
curve.

PREF, the Pulses Repetition Frequency, is an important
issue that needs to be known. Since the emitted pulse
must be received before emitting another, PRF will
have to be adjusted to the depth studied; otherwise,
the analysis would be incorrect.

In addition, since waveform needs at least two sample points
per cycle, PRF must be modified depending on the suspected
velocity. In other words, the wave’s frequency must not be
above half the sampling frequency. This limit is called the
Nyquist limit of a given sampling frequency. If the Doppler
change is greater than the Nyquist limit, “aliasing” occurs. In



the pulsed Doppler, aliasing is manifested by decapitating the
maximum velocity peak at the high limit of the scale.

Therefore, if high speed flow is being measured by ultrasound
waves, PRF must be increased, and in the case of low velocity
flows, PRF must be decreased. PRF is the scale we use to

assess specific flow and must be adjusted to velocity.

3. Interpretation of Doppler Curves

To interpret the information provided by Doppler curves, some
concepts must be familiar:

e PSV: peak systolic velocity, which is the maximum
velocity in the systolic phase.

* EDV: end diastolic velocity, which is the velocity at the
end of the diastolic phase.

* Resistivity index (RI): this is the resistance and
compliance of a vessel. It is the relation between
PSV - EDV and PSV. (Fig. 3)

Flow in a blood vessel is regulated by Ohm’s law (Q=AP/R),
which means that it is directly proportional to the difference of
pressure between two points, and inversely proportional to the
resistance to flow offered by vessels. It differs in central and
peripheral vessels.

31
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Figure 3. Resistivity Index (RI). High RI (left) and low RI (right).

In central arteries, such as the carotid or renal arteries,
resistance is low, arteries are compliant, so RI is low.
Throughout the cardiac cycle, velocity is positive in the graph.

In peripheral arteries, such as the brachial or femoral,
resistance is high, arteries are not very compliant, so Rl is
high. In the cardiac cycle, there is a systolic peak, with fast
acceleration and a later negative phase with little positive
rebound. This is a triphasic curve.

Veins do not have systolic acceleration and display a
continuous flow with low velocity that can be modified with
different manoeuvres, such as distal compression or breathing.

When a vascular access is created, the peripheral artery,
which normally presents a triphasic curve, leads to a vein,
that is, to a very low resistance vascular bed. Because of that,
the curve in this artery becomes biphasic, with a low resistive
index and high turbulence.

Moreover, Doppler curves help us to identify vessel stenosis.
Since flow in a closed circuit must be constant, when some
segment of this circuit decreases in size, velocity at this point
increases in an attempt to keep flow constant. Flow depends
directly on the area that it is passing through and its speed.



Flow = volume / time = area x velocity. Thus, when velocity at
one point increases two- or threefold in relation to the velocity
in the previous segment, the existence of a stenosis at that
point should be ruled out.

4. Volume Flow Assessment

Flow estimation allows us to make a functional access
evaluation. Modern US equipment has volume flow
measurements as part of the standard parameters assessed
during vascular evaluation.

Volume flow measurements have low reliability and are
not accurate for normal vascular systems. But when an
arteriovenous fistula is placed and flow increases one to two
thousand percent, ultrasound flow estimation becomes a
good method for functional evaluation. In this case, a range
of error between 5 and 10 percent becomes acceptable. In
fact, volume flow measured with a US scan has shown good
correlation with other accepted methods of flow measurement.

Flow refers to the volume that passes through a vessel in
a time unit, or in other words, a cross-sectional area of the
vessel multiplied by the velocity of its flow:

— — — 2
Q=V/t=axv=nrx v,

Where: V is volume, t = time, a = area, v = velocity, r = vessel
radius, and v, = time averaged mean velocity.

Echography allows us to calculate the flow since vessel
diameter (and then the area) can be obtained thanks to
B-mode, and v, is calculated from Doppler curves. These
measurements (area and v, ) should be obtained at the
same vessel point, and to correct flow estimation, this vessel
segment should be homogeneous, without dilations and not
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easily compressible. Brachial artery proximal to its bifurcation
meets these criteria. Moreover, to measure V,__, sample
volume should include two-thirds of the vessel in order to take
full range of vessel velocities. (Fig. 4)

7
RI
P v g
-
- samgle volume

/sample volume

Figure 4. Sample volume
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1. Introduction. Types of vascular access and best choice

Patients with advanced chronic kidney disease with planned
initiation of renal replacement therapy via haemodialysis (HD),
need the creation of a definitive vascular access (VA) for HD.

Of all the available access types, native arteriovenous fistula
(nAVF), also called autologous arteriovenous fistula, is
undoubtedly the best option. It lasts a long time, has a low rate
of complications, and is relatively simple to create, so it has
been in general use since it was described in 1967. It has thus
allowed the universal uptake of renal replacement therapy via
haemodialysis.

However, nAVF are not possible in all patients, as in most of
these cases there are no superficial veins with the necessary
characteristics that can be used for repeated cannulations.
Sometimes it is necessary to plan the creation of a prosthetic
arteriovenous fistula (pAVF), in which a synthetic conduit,
usually expanded polytetrafluoroethylene (PTFE), is provided
between the artery and the vein. pAVF have an acceptable
level of patency but a higher rate of complications, especially
thrombosis and infections, Thus they are considered as the
second-choice option, following nAVF.

Even so, in many patients the arteriovenous fistula (nAVF and
pAVF) becomes exhausted in time, or cannot even be created
initially, so HD has to be performed by placing a central venous
catheter (CVC). The high rate of associated complications
means that CVC has to be considered as the last resource
for HD.

When access creationis planned, there are other considerations
which must be taken into account, namely proximal or distal
location. Distal VAs (nAVF in wrist and forearm) are created in
vessels with a lower diameter using a radial artery to provide



forearm cephalic venous flow. This has a higher rate of primary
failure, but offers a longer segment for cannulation (arm and
forearm veins). In addition, it enables the subsequent creation
of another access in proximal vessels, making a distal VA
the VA of first choice. However, nAVF created in antecubital
fossa and upper arm (brachio-cephalic, brachio-perforating
and brachio-basilic nAVF) usually have higher inflow into the
access, but can impede future distal access creation, and are
associated to higher incidence of ischaemia (steal syndrome
or distal hypoperfusion syndrome).

Finally, an nAVF can be placed in either upper limbs with no
differences in complications, but the generalized opinion is to
first choose the non-dominant arm in order to stimulate and
motivate patient activity with the dominant limb and allow the
highest comfort possible in HD sessions.

For that reason, the order of priority for vascular access
creation is recommended as following:

I. First choose native arteriovenous fistula; secondly,
prosthetic arteriovenous fistula and last CVC.

II. Make the access as distal as possible, that is:
A. Carpus
B. Forearm
C. Elbow (antecubital fossa).

Ill. Use the non-dominant limb.

Therefore, the most frequently used order of creation will be:
1. nAVF radio-cephalic
2. nAVF brachio-cephalic
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3. nAVF brachio-basilic

4. pAVF inarm
5. PpAVF in thigh
6. CVC

As explained, the dominant limb should be respected whenever
possible.

2. Clinical history

The main tools used when deciding where to place the future
VA is both correct physical examination and ultrasound
mapping of the limb.

Nevertheless, a correct medical history must be firstly
gathered before proposing a VA. Knowledge of a patient's
medical history can provide data to help us be aware of the
presence of non-evident pathology, which has to be confirmed
by different complementary examinations (Doppler Ultrasound
and angiography).

For instance, Diabetes Mellitus usually produces calcifications
in artery walls; these calcifications in the artery wall can impede
correct vessel dilation and with that hinder the increase in blood
flow needed for correct maturation of the nAVF, so in diabetic
patients it is very important to evaluate the dilation capacity of
the limb arteries, as will be seen below (hyperaemia test).

A background of CVC placements in upper central veins is
another factor that has to be taken into account because it
is frequently associated with the presence of central venous
stenosis, which can compromise the correct development of
the future access.



Finally, in patients with peripheral arteriopathy, physical
examination and ultrasound mapping have to rule out the
possible presence of arterial stenosis that can impede nAVF
maturation.

3. Physical examination

Physical examination of the patient, along with ultrasound
mapping, can provide the best quality information in order to
plan the future access.

It should be performed in a warm environment, to avoid vessel
spasms, with the patient sitting and the arm lowered. Attention
must be paid to the presence of asymmetries between both
upper limbs and to the development of superficial collateral
circulation, signs that will make us suspect the presence of
stenosis or central venous occlusions.

It is also important to evaluate the presence of significant
adipose tissue: in an obese patient, the depth of the veins may
hinder and even prevent the cannulation of the vessel.

3.1. Arterial Examination

It is essential to explore the arterial tree in the upper limb in
order to determine the correct permeability of the vessels that
will provide the flow to the nAVF. The presence of pulses, as
well as their amplitude, should be investigated at all levels of
the limb (radial, ulnar and brachial pulses in the antecubital
fossa), paying attention to the presence of asymmetries
between the two upper limbs.

Blood pressure at the brachial level should be taken routinely,
as the presence of asymmetries is a very sensitive and early
sign of the presence of arterial stenosis.
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Finally, the Allen test (Table 1) will allow the determination of
the permeability of the palmar arch, and assess the dominance
of the distal (radial and ulnar) arteries in the vascularization of
the hand.

AllenTest

Manually compress the arteries of the wrist (radial and ulnar)
until the presence of signs of ischaemia are visible in the hand
(paleness, lack of capillary refill).

Decompress the radial artery to assess the degree and speed with
which the signs of ischaemia disappear.

Repeat the compression of both arteries until you see the presence
of ischaemia signs again.

Decompress the ulnar artery to assess the disappearance of
ischaemia signs.

Table 1. How to conduct an Allen test

3.2. Venous Examination

The aim of venous examination is to detect the presence of a
venous duct with sufficient length and continuity to the deep
venous system (axillary veins and subclavian). This duct must
not have significant tortuosity, must be easily compressible
during palpation along its entire length and have the capability
of distension after positioning the compressor.

It includes the evaluation of both superficial veins of the
upper limbs: cephalic vein and basilic vein, both at the level of
forearm and antecubital fossa.

The evaluation comprises determining the diameter, vein
continuity and distensibility, and determining the increase in



percentage of the diameter after the placement of a proximal
tourniquet.

4. Indications for other examination

A properly performed physical examination can provide
fundamental information required to create the access, but it
may not be enough. In patients with poorly visible veins, obese
arms, non-palpable pulses, central or peripheral pathways, or
with cardiovascular risk factors, it may be necessary to have
additional information about the condition of the vessels in the
limb.

Phlebography is a test that provides precise anatomical
information in two dimensions, but it is an invasive exploration
that requires the administration of radiological contrast with
the risk of nephrotoxicity.

In contrast, Doppler ultrasound (echo-Doppler) is a test
that provides accurate information in 3 dimensions, with
morphological as well as dynamic information, without
deterioration of the patient’s renal function. Therefore, it is
considered the better investigation method as it provides more
information on the state of the patient’s vessels.

Last editions of the clinical guidelines on vascular access
recommend Doppler ultrasound to perform mapping in all
patients who are candidates for vascular access, as it allows
the best available vessel to be determined, and also the venous
capital of each patient to be identified, in order to plan both the
best access in each situation and possible alternatives.

Doppler ultrasound scanning should be performed with a high-
frequency ultrasound probe, 7-12 MHz, with a Doppler signal
greater than 5 MHz, which allows for satisfactory visualization
of the superficial tissues.
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Doppler ultrasound devices currently rely on four modes:

1. B-mode: Provides morphological information on tissues
and is useful for venous study

2. Mode M: Morphological changes information per unit of
time, but this has little utility in the VA study.

3. Echo-Doppler:  Simultaneously provides B-mode
morphological information and Doppler spectral analysis
of the flow at the selected point. This is the most useful
mode for VA scanning.

4. Echo-Doppler colour: Supplementary mode to the
previous one, in which the flow detected is transcribed
in colour scale. It is useful for the assessment of the
arterial tree and to detect the appearance of stenosis
in nAVF.

The examination should be performed with the patient in a
semi-recumbent position in a warm environment and with the
arms lowered, in a similar way as described in the physical
examination.

5. Vascular anatomy of upper limbs

In orderto perform correct echographic mapping, itisimperative
to know the normal anatomy of the explored vessels.

5.1. Arterial anatomy

The subclavian artery is the artery that provides the
vascularization of the upper limb. It is the branch of the aorta
on the left side and the terminal branch of the brachiocephalic
trunk on the right side. It lies for a short distance beneath the
clavicle, which prevents its correct echographic visualization.



The axillary artery is the continuation of the above, and
covers the sector from the outlet below the clavicle to the
anterior axillary line. It is easy to visualize in the axillary space
with the arm in hyper-abduction.

The brachial artery is a continuation of the axillary artery in
the arm, and is located in relatively deep position in the inner
side of the arm. Itis accompanied by two brachial veins and the
median nerve, in the groove between the biceps and triceps
muscles. As it approaches the antecubital fossa, it progresses
from an internal location to a location at the front of the arm,
bifurcating at the elbow.

The radial artery is the terminal branch of the previous
one, which runs through the outer border of the forearm,
progressively coming out to its superficial location on the
wrist. In 10-15% of the cases there is an anatomical anomaly
consisting of the early exit of this artery from the brachial or
even the axillary artery.

The ulnar artery is the branch of the brachial artery that follows
a path from the antecubital fossa along the inner border of the
forearm, progressively coming to the surface at the wrist.

It usually has a common origin with the interosseous artery
(ulnar-interosseous trunk), a deep artery that follows a deep
course in relation to the interosseous membrane.
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The palmar arch is the distal anastomosis between the radial
and cubital arteries, where the digital arteries emerge. It
usually consists of two arches, superficial and deep, and is
often not fully developed. Its functionality is explored through
the Allen Test.

Arterial anatomy
Subclavian
Axillary -

Brachial

Ulnar
Palmar arch

5.2. Venous anatomy

Venous drainage in the upper limbs depends on two systems:
superficial and deep.

The deep venous system, usually undeveloped, accompanies
the major arteries, in an even number, which causes the
echographic image known as “Mickey Mouse ears”. (Fig. 1)

Venous anatomy

—— Superficial venous system
------- Deep venous system
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Figure 1. B-Mode. Brachial artery in the left side with accompanying veins (Mickey Mouse ears).
Basilic vein in right side (3 mm).

The superficial venous system is usually more developed than
the deep one in the upper limbs, and it consists of two main
veins:

The cephalic vein is the most constant superficial vein, as
well as the longest. It is located on the external side of the
forearm and arm, and is superficial throughout its course, so it
is the best vein for cannulation during HD. At the elbow level,
in the antecubital fossa, it usually receives a vein from the
perforating vein, called the cephalic communicant. It drains
into the deep venous system at the level of the axillary vein in
the deltopectoral groove near the lower edge of the clavicle.

The basilic vein is located on the inner edge of the arm and
forearm. It is a vein that lies deeper in the forearm than the
previous one, which makes it difficult to cannulate, but at
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the same time it is usually better preserved from cannulation
injuries. In the antecubital fossa it is superficial, suitable for
cannulation, and can receive a collateral vein coming from
the perforating vein, called the basilic communicating vein.
Proximal to the elbow, it is placed below the superficial fascia
of the arm, and this is the reason why it must usually be
surgically raised to a more superficial level for cannulation. Its
drainage in the deep venous system is located in the middle
to proximal third of the brachial vein. Because of its greater
depth and shorter length, it is a vein that is less suitable for HD
cannulation than the cephalic vein.

6. Ultrasound mapping

The equipment must be adjusted to detect slow flows by
decreasing PRF and increasing colour gain. Abundant gel
should be used to avoid losing information at the sides of the
probe where the forearm has curves. Pressure should not be
placed on the skin as superficial veins easily collapse.

The patient should initially lie down on their back, without
bending the elbow. The arterial system is examined in this
position to measure arterial pressure and to assess subclavian
and axillary veins. To assess veins in the arms, it is advisable
to raise the patient's head by 45°, to make sure the arm is
relaxed and to place a tourniquet to dilate the veins. It is
important to have a warm atmosphere to avoid venous vessel
spasms. In leg examination, the leg must be rotated externally.

Morphological examination is carried out transversally and
dynamic examination is performed longitudinally. It is advisable
to begin the examination transversally, starting with the artery
at distal level and moving proximally. The same examination
is then repeated in veins, thereby allowing observation of the
whole anatomy. Afterwards, the same examination is repeated



longitudinally to the vessel: first, the artery with colour, which
allows us to assess areas with aliasing, and then with Doppler,
to measure PSV.

6.1. Pre-surgical Mapping of the Arterial System

Doppler ultrasound examination of the arterial tree should
be made initially by transversal sections in B-mode, to
assess and record the presence of arterial calcifications and
measure the internal diameters (diameter of true lumen) of the
arteries explored. Likewise, through B-mode, the presence of
anatomical anomalies (abnormal output of the radial artery)
can be determined.

The examination is followed by longitudinal sections with
colour Doppler and Doppler curve analysis which, in the
absence of pathology, will be typically three-phase, with an
accentuated systolic peak followed by a diastolic inversion of
lower amplitude and a new positive wave corresponding to the
end diastolic velocity.

The insonation angle of the Doppler beam should ideally be
60°, in no case bigger, since different angles will cause errors
in the measurement of flow velocity inside the vessel.

Thus, the Doppler wave should be checked both in the
brachial artery and in the distal trunks, mainly in the radial
artery. The three-phase morphology of this curve under normal
conditions should be maintained along both arteries. The
presence of haemodynamically significant stenosis will result
in an acceleration of peak systolic velocity (PSV) together
with a widening of the spectral wave located at the point of
the stenosis, all of which is associated with a flattening of this
wave in the distal arteries to the stenosis.
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Ultrasound Signs of Haemodynamically Significant Stenosis

Place of stenosis

—>» Increased PSV

—>» Spectral Widening

Distal arteries to Stenosis

—>» Decreased PSV

—>» Flattening of the Spectral Wave

6.2. Pre-surgical mapping of the Venous System

As discussed, the objective of venous mapping is to identify a
candidate vein suitable for nAVF. Therefore, this examination
should be done mainly by transversal sections in B-Mode,
which will allow a morphological study of the vessel. (Fig. 2)
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Figure 2. B-mode. Pre-surgical mapping.
Measurement of the diameter of the cephalic vein in the forearm: 3.2 mm. Depth 4.4 mm.



In the evaluation of the veins in the upper limbs, the candidate
vessels must have two ultrasound characteristics:

First, the vessel must be permeable, which in the case of
superficial veins is detected by compressibility and by the
wave surge to distal compression.

Compressibility is checked in B-mode by placing the probe
transversely to the major axis of the vessel and pressing on
it until the vein totally collapses. The presence of thrombus
prevents the total collapse of the vein’s walls, whereas the
existence of thickenings in the vein’s wall is a sign of phlebitis
(current or old) of the vessel.

The rising wave at distal compression is scanned in echo-
Doppler colour mode with the probe placed transversely over
the vessel to be scanned. If compression is exerted on the
distal area, by manually compressing the forearm or hand, an
increase in the venous return flow will occur, which can be
easily detected using colour, whereas in occluded vessels no
flow will be visualized.

The second characteristic to be explored in the venous system
is the distensibility of the vessels, which is also evaluated in
B-mode with the probe placed transversely, showing the
change in calibre that occurs in the veins after the placement
of a proximal tourniquet, where the higher the distensibility, the
greater the increase in vessel calibre.

Ultrasound Characteristics of the Venous System

Permeability

—>» Compressibility

—>» Augmentation wave at distal compression

Distensibility

—>» Diameter increase after proximal tourniquet placement
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The characteristics mentioned above should be evaluated at
all levels of the superficial venous system to be explored:

Proximal veins. Axillary and Subclavian. As has been
commented, itis not possible to directly visualize the subclavian
vein and the brachiocephalic trunk in all its extension because
of its anatomical location, so the study of these vessels must
be performed by the detection of indirect signs of permeability:

Respiratory Phasicity. Under normal conditions, a negative
pressure occurs at the level of the thorax during inspiration,
which causes the central veins to fill, producing a blood sucking
effect from the veins of the upper limbs to the intrathoracic
veins and cardiac cavities. In the absence of pathology, a
“surge” will be detected in the venous flow, detectable in the
more proximal axillary and brachial veins, by an increase in
flow during inspiration.

The presence of stenosis and / or an occlusion in the central
veins (subclavian vein, brachiocephalic trunk and superior
cava vein) will cause the absence of this wave.

Transmitted Cardiac Pulsatility. In normal conditions, the
closure of the heart valves also exerts a pressure wave that is
transmitted retrograde through the blood column that fills the
central veins, so there will be small oscillations in the Doppler
curve coinciding with the cardiac cycle. These oscillations will
not be visualized in cases of significant stenosis or occlusion
of the central venous trunks.

The cephalic vein is the best candidate vein for vascular
access, so it should be carefully examined by assessing its
total continuity and permeability, variations of calibre along its
path, as well as any type of anatomical abnormality that it may
present.

Basilic vein: Apart from the aforementioned characteristics
of permeability, distensibility, diameter and calibre changes,



it must be taken into account that much of the basilic vein’s
course lies at a deeper plane than the other superficial veins.
Consequently, its depth must be carefully evaluated, since
depths greater than 8-10mm will not allow an adequate
cannulation and it may need to be surgically raised to a more
superficial level prior to its use for HD.

Antecubital fossa veins: The veins of the antecubital fossa
usually connect both superficial venous drainage systems
and the cephalic and basilic drainage systems. In addition,
they usually connect to the deep venous system through the
perforating vein. They have a great anatomical variability as
well, so it is important to explore and note their layout and
connections to correctly plan the VA.

6.3. Criteria of Pre-surgical Mapping

An association between patency and arterial diameter
=2 mm and a PSV of at least 50 cm/s has been put forward,
with a significant increase in the risk of failure with a diameter
< 1.6 mm and especially < 1.5 mm. There is no clear
recommendation level for the brachial artery, because it is
larger in size. B-mode is recommended to measure the vessel
lumen diameter between the internal faces of the vessel
wall. The correct maturation of the VA requires an increase
in flow through the feeding vessel 10-15 times higher than its
normal flow. This is achieved by dilating and enlarging the said
artery, which facilitates assessment of its compliance using
the reactive hyperaemia test. Here the shape of the Doppler
spectral wave is observed during reactive hyperaemia induced
by the patient. Ischaemia is induced by fist clenching. The high-
resistance triphasic wave observed with a closed fist turns
into a low-resistance biphasic wave when opened. The RI in
the reactive phase can be easily calculated: RI=PSV — EDV/
PSV. Aresistance index lower than 0.7 after hand ischaemia is
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associated to 95% AVF success, while values superior to 0.7
decrease clinical success to 40% (Fig. 3).

MI06 Tis0.2 L4~
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TAMEAN
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Figure 3. Doppler spectral wave. Pre-surgical mapping.
The hyperaemia test. Note: see change of Rl from 1,0 a 0,69

Venous mapping has shown that a diameter< 1.6 mmis the limit
for observing a high failure rate. A minimum diameter of 2 mm
in the forearm and 3 mm in the arm is established in the study
with compression using a tourniquet to achieve an observable
success rate (76%). Another study using compression
demonstrates a limit of 2.5 mm for native arteriovenous fistula
and 4 mm for prosthetic arteriovenous fistula. The association
between compliance following compression with a tourniquet
and failure is important, however, as success is related to a
48% increase in diameter.



Artery

Vein

Wrist > 1.5-2 mm.

Cephalic wrist >2 mm

PSV > 50 mmHg

Cephalic arm > 3 mm

RI (hyperaemia test) > 0.7

Increase in size after
tourniquets > 40-50%

Morphology of wall and
calcifications

Central Patency

Respiratory phasicity

Transmitted cardiac pulsatility

Table 2. Criteria of pre-surgical mapping

RI: Resistivity Index; PSV: Peak Systolic Velocity
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1. General examination

Arteriovenous fistula (AVF) examination is recommended in
the semi-recumbent position, with the arm extended at an
angle of 45°. In the case of the lower limb, the leg should be in
external rotation. The arterial territory, peripheral and central
veins are assessed and the examiner must be on the same
side as the limb to be explored.

To locate pathology, a transversal and longitudinal examination
must be made from the feeding artery, through the anastomosis
and along the venous territory to the central vessels. The
arterial trajectory must also be examined from the subclavian
artery to the anastomosis. The perivascular space must be
traced in search of structures that could cause extra-luminal
functional stenosis, like collections (Fig. 1), haematoma
(Fig. 2) or seroma. Access depth must be assessed throughout
the trajectory, identifying the areas where needling will be
difficult, > 6 mm in depth.

In the first place, the examination is performed in B-mode
and then in colour to detect possible areas with significant
changes in velocity due to aliasing. In the following phase,
spectral Doppler measurements are taken to assess PSV
and EDV, although the latter is hardly ever used; usually PSV
of between 150 and 300 cm/s is found. The anastomosis is
also evaluated and venous PVS and spectral morphology
documented. The characteristic spectral wave width, both
in native arteriovenous fistulae (nAVF) as well in prosthetic
arteriovenous fistulae (pAVF), should be recognized instead of
the characteristic triphasic wave of the normal high-resistance
peripheral arterial territory prior to the VA creation. The venous
trajectory is followed to the central vessels and the graft
trajectory is examined in the case of prosthesis. In this latter
case, it is especially important to examine the anastomosis,



especially in veins, as there is a tendency for stenosis to form
there.

igure 1.B-Mode. Collection (abscess). Figure 2. Colour mode.Haematoma.

2. Maturation assessment

One of the main uses of ultrasound is the identification of
maturation of nAVF. Lengthy waits are not infrequent before
cannulation is possible and there are often doubts about
viability in usual clinical practice. For this reason, if physical
examination generates doubts about nAVF maturation,
an ultrasound examination must be performed as the test
of choice. A 4 mm diameter with a flow of 500 ml has been
established as the maturation criterion. In the later phase, the
ideal VA is one that fulfils the rule of “6”: no more than 6 mm
of depth, at least 6 mm of diameter and with a minimum flow
of 600 ml/min.

3. Flow determination

When the VA is considered mature, periodic surveillance must
be taken into consideration. This is based on the periodic control
of flow (Q,). Flow can be determined during the haemodialysis
session using dilutional methods based on ultrasound, like
Transonic® or the concentration of haematocrit. Measurement
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using ultrasound must be done outside the haemodialysis
session, unless the patient is undergoing dialysis via catheter,
in which case it can be done during the first hour of the session
to avoid bias in the volume depletion. Both methods have
equal proven capability in flow measurement and in predicting
stenosis and re-stenosis compared with angiography. The
advantage that ultrasound flow measurement offers relates
to morphological study and needling guidance from the first
cannulation in the maturation process.

Flow measurement at the brachial artery using spectral
Doppler shape allows for a rapid approach to access quality
(Fig. 3). While measurement can be taken in any area of the
graft, (Fig. 4) nAVF measurement is recommended in the
brachial artery, where there is a proven correlation with VA
flow. Measurement in the radial artery in wrist nAVF can be
underestimated, given that in a great number of cases, the
nAVF receives part of the flow from the ulnar artery through
the palmar arch. Although it would really be ideal, it is usually
difficult to take measurements in the venous segment due to
curves, bifurcations, variations in diameter, turbulence, etc.

The data needed to measure flow are vessel diameter and the
mean of the average velocity, which usually appears as TAV
mean or TAMEAN (time averaged mean velocity) on devices.
It is essential to remember that the insonation angle must be
less than 60° (between 30 and 60°). Sample size should be
wide enough to cover the vessel lumen, although there are
also authors who advise it should comprise between 50% and
70% of the lumen to avoid interferences produced by vessel
wall vibration. Lastly, 3 flow measurements are recommended
to obtain the mean to avoid variability. The formula on which it
is based is the following:

Q, (ml/min) = TAV (cm/S) x section area (IIr*;cm?) x 60



There is no cut-off point from which a clear risk of thrombosis
can be established. Between 500 and 800 ml/min is suggested
in pAVF, and in nAVF it can be as wide as 300 to 700 ml/min,
given their great vascular adaptability and ability to provide
an adequate flow to the dialysis machine, with flows close to
300 ml/min. In the lastest guidelines 500 ml/min in nAVF and
600 ml/min in pAVF, or a decrease of 20-25% for stenosis
screening, are suggested.

Figure 3. Flow measurement in native Figure 4. Flow measurement in prosthetic
arteriovenous fistula. arteriovenous fistula.
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4. Resistivity index

An index that may be relevant is the RI, derived from the PSV-
EDV/PSV ratio, for which, at higher EDV values, there is lower
RI. In VA surveillance, an inversely proportional change in flow
has been observed. In fact, a relationship between its decrease
after nAVF creation and maturation has been established. An
increase detected during surveillance must lead to suspected
stenosis complications. An increase from 0.6 in measurement
at the brachial artery is suggestive of the presence of stenosis.

(Fig. 5)

L

Figure 5. Doppler Mode. High Resistivity Index (0.78).

5. Stenosis detection

Stenosis in the venous segment of the nAVF can be produced in
central vessels, the middle segment and the juxta-anastomotic
area (first 5 cm), although the latter is the most frequent; in the
pAVF, it usually appears in the anastomosis exit site into the
vein. At these points there is intimal hyperplasia caused by
shear stress in the areas most exposed to it (Fig. 6). Where the
diameter of the lumen is modified, there is always acceleration
in the velocity (PSV) which can give rise to aliasing (Fig. 7).
It is an effect that appears when PRF is less than twice the



highest frequency of the Doppler signal, as happens in the
turbulent areas of high velocity in stenosis.

If stenosis is detected, the percentage of the normal lumen it
covers is measured. To calculate the stenosis, the minimum
intraluminal diameter is compared with the normal diameter of
the segment proximal to the nAVF:

% stenosis:
original lumen — residual lumen/original residual lumen x 100

Figure 6. B-mode. Stenosis. Figure 7. Colour Mode. Stenosis.
Quantification >75%.. Aliasing reflects high velocities.

Although it is easy to measure this reduction in pAVF, it is
not so easy in nAVF because of large pre- and post-stenosis
dilations. Likewise, in the juxta-anastomotic area, the angle of
the vessel does not allow for easy measurement. In this case,
indirect parameters must be used in the nAVF-feeding artery
to obtain indirect evidence of a possible large stenosis. This
can also happen in grafts made of radio-opaque material.

Ultrasound examination begins in the brachial artery, enabling
us to assess the flow (in the case of significant stenosis,
decreased) and the RI, which can be higher. These findings,
however, might not be present in a proximal stenosis if there
were prior collaterals that maintained an acceptable flow.
Afterwards, if the nAVF is radio-cephalic, the remaining
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segment of the artery must be examined as far as the
anastomosis. Then the study continues proximally along the
whole venous tract, first transversally to provide an anatomical
study in search of changes in size. Once the stenosis has
been located, colour Doppler can be used to confirm the
existence of aliasing, always adjusting PRF upwards (Fig. 7).
Doppler can quantify PSV in the pre-stenotic area (Fig. 8) as
well as at the stenosis in the acceleration area and the post-
stenotic area. PSV measurement > 400 cm/s is considered
haemodynamically significant. The PSV ratio between the
stenotic and pre-stenotic area is established. A ratio of at
least 2 is considered to interpret the haemodynamically
significant stenosis both in pAVF and in nAVF; some authors
consider a ratio of 2.3 and even 3 more specific in the latter. A
characteristically turbulent Doppler register can be observed
in the post-stenotic area.

Arterial stenosis is usually caused by progressive
arteriosclerosis. It is usually located in the pre-anastomotic
area, although it may be found in any part of the arterial tract.
It is identified in the same way as in the venous territory, by
a reduction in the lumen as well as significant acceleration
and PSV ratios. When arterial pathology is suspected, the
examination of the ulnar, as well as the radial artery, can
provide decisive information. When measuring the flow, for
example, if 400 ml/min of the brachial flow of 500 ml/min is
distributed in the ulnar and the rest in the radial, we should
focus the pathology in the radial. Another manoeuvre is to
compress the radial artery distal to the anastomosis. This
will clearly suggest radial stenosis if it causes a decrease in
PSV or an increase in Rl at brachial level, as the passage of
the retrograde flow through the palmar arch from the ulnar is
closed. Haemodynamic modifications are imperceptible if the
radial artery is unaffected.



Figure 8. Doppler Mode. Stenosis 56%. Ratio stenosis / pre-stenosis (617 / 297 cm/s) = 2.

Ultrasound sensitivity in the detection of a stenosis > 50%
with respect to the angiogram ranges from 76% to 95% with a
specificity of 97%.

When a significant stenosis has been diagnosed, indication
and intervention momentis not clear. In this context, ultrasound
becomes a highly useful tool, given that the examination
provides information about the severity of the stenosis and its
functional repercussion. It can allow the nephrologist to take
decisions at the patient’s bedside, avoiding delays in decisions
involving early treatment and those involving aggressive tests
in cases in which decisions can be conservative.

The concept of haemodynamically significant stenosis has
been previously defined from the purely vascular point of view,
but highly variable criteria are used to establish indications
for intervention. Initially, intervention was recommended with
the single criterion of a lumen reduction > 50% by angiogram,
a concept which is still being used in many centres; others,
following DOQI Guideline recommendations, in addition to
lumen reduction, include some unspecified parameter other
than dysfunction and some clinical or physiological anomaly
like physical examination, alteration in Kt/V, venous pressure
and reduction in flow < 600 ml and decrease in flow.
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The latest Spanish Guidelines introduce a new concept of
significant stenosis which would only include stenosis with
high risk of thrombosis. Some criteria were established to
define it: some main criteria (reduction of vascular lumen
>50% + PSV > 2) and some additional criteria should be added
(residual diameter < 2 mm and/or Q, < 500 ml/min in nAVF
or < 600 ml/min in pAVF and/or reduction in Q,>25% if Q, if
<1000 ml/min).

What's more, there are centres that only use morphological
reduction of the lumen with ultrasound measurement, possibly
leading to infra- or overestimated errors. Infra-estimation is
as important as overestimation: infra-estimation due to the
risk of thrombosis; overestimation due to the unnecessary
number of angioplasties performed, which lead to risk of re-
stenosis. For this reason, a combination of morphological and
haemodynamic criteria is advised (Table 1).

Table 1. Criteria for significant stenosis and lack of maturation.

Morphological
Stenosis > 50%

Functional
> 400 cm/s (not assessable in anastomosis)
Velocity
(PSV by Doppler US) PSV ratio nAVF: 2.0-3.0
(pre-stenosis / stenosis) pAVF: 2

nAVF: < 500 ml/min
pAVF: < 600 ml/min

Q,. Absolute value

High resistance Doppler wave
RI> 0.6

Indirect characteristics
in brachial artery

Flow reduction

Lack of maturation

Diameter <4 mm.
Q, < 500 ml/min




PSV: peak systolic velocity

nAVF: native arteriovenous fistula

PAVF: prosthetic arteriovenous fistula

Q,: flow

RI: resistivity index

Last but not least, it is important to rule out the possible
presence of central stenosis. Although ultrasound has
limitations in this area, on occasions central stenosis can be
seen directly. Haemodynamic criteria are like the rest of the
venous territory, describing a stenosis/pre-stenosis PSV ratio
of 2.5.

6. Thrombosis diagnosis

Ultrasound is the best non-invasive method to detect
thrombosis in NAVF and pAVF. It allows for early diagnosis,
especially straight after intervention, either by direct or indirect
signs. Ultrasound criteria for thrombosis are based firstly on
the absence of flow both in Doppler and in colour (Fig 9). At
the same time, it is essential to note the non-compressibility
of the thrombosed vessel, as the thrombus may not be visible
in the acute phrase. This, moreover, allows us to assess
the extension of the thrombus. Old thrombotic material with
greater echogenicity can be seen more clearly in B-mode.

Figure 9. Colour Mode. Thrombosis.
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Indirect signs are based on the visualization of a high-
resistance triphasic wave in the feeding artery, which is like
a normal artery, not connected to the nAVF. However, it is
important to diagnose a thrombus, as indirect signs in the
artery in the case of thrombosis can be similar to those of
critical stenosis.

7. Aneurysms and pseudoaneurysms

Both appear in the cannulation areas because of vascular
damage and poor cannulation techniques such as area
cannulation. Ultrasound allows us to differentiate between
aneurysm or venous dilation and pseudoaneurysm. An
aneurysmis a venous dilation higherthan 1.5-2 times the vessel
diameter of the undilated vessel (Fig. 10). It can be caused by
repeated needling or a proximal stenosis. A pseudoaneurysm
is an extravascular cavity generated by a haematoma, in
which the vessel orifice does not close and bleeding is
constant. Ultrasound is especially useful in differentiating
the pseudoaneurysm of a haematoma by allowing us to
see an active flow of blood out of the vessel in colour mode
(Fig. 11) and Doppler mode (Fig. 12), observing the presence
of characteristic signs of ‘entrance-exit’ in the Doppler register.
Ultrasound allows us to differentiate, therefore, between
an aneurysm, a haematoma, a pseudoaneurysm requiring
surgery and a thrombosing pseudoaneurysm, which can be
managed conservatively.

Figure 10. B-Mode. Aneurysm.



Figure 11. Colour Mode. Pseudoaneurysm. Figure 12. Doppler Mode. Pseudoaneurysm.

8. Steal Syndrome (Distal Hypoperfusion Syndrome)

A patient who enters the haemodialysis program has an
increased risk of ischaemia from the VA due to increasingly
higher comorbidity, especially diabetes and arteriopathy. It
is especially frequent in pAVF because of higher flow. The
VA steals not only blood from the feeding artery, but also
retrogradely from the hand, and is thus able to compromise
vascularization. In fact, it is assumed that this ‘steal’ occurs in
75-90% of patients following surgery. Usually this phenomenon
occurs symptomatically through compensatory mechanisms.
However, when these fail to maintain distal perfusion, steal
phenomenon turns into steal syndrome. This is characterized
by pain following dialysis or when resting, appearance of
trophic ulcers, etc. For this reason, it is important to screen for
any pathology which may bring it about. This implies careful
assessment both radial and ulnar artery to rule out stenosis
and occlusions. Spectral Doppler, especially in the reactive
hyperaemia manoeuvre, has been associated with unrelated
high flow steal syndrome because the arteries of the palmar
arch are unable to vasodilate. The direction of the flow distal
to the anastomosis is easy to show using Doppler, once steal
is documented.
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From an etiopathogenic point of view, there are 3 different kinds
of steal syndrome: a) arterial stenosis with an anterograde
decrease in flow; b) high flow in the VA caused by a large
anastomosis, suggested from 1600 ml/min and c) failure of the
vascular bed in the forearm to adapt to new haemodynamic
conditions of the VA, generally in relation to arteriosclerosis.

Ultrasound is used to identify the cause and plays a strategic
role in focusing treatment. In the first place, it is used to
measure brachial flow, which can exclude the possibility of
high-flow steal; then it is necessary to try to identify lesions in
the arterial vascular bed, and finally to study the flow direction
in the artery distal to the anastomosis. If this is inverted, it
is assumed that the adequate direction will be recovered by
compressing the VA.

The next objective of ultrasound is to suggest possible
treatment to solve or improve symptoms before having to
close the VA. Angioplasty is possible in the case of arterial
stenosis. When flow is high, several treatment procedures to
reduce it could be considered, such as ligation of drainage
veins to the deep system or reconstruction surgery like DRIL
(Distal Revascularization-Interval Ligation), RUDI (Revision
Using Distal Inflow), banding, etc.

9. Vascular access and cardiovascular disease

The risk that a VA with inappropriate high flow can cause
cardiac failure is well-known. The overload in the myocardium
implies remodelling characterized by an increase in the
ventricular diameter due to eccentric hypertrophy. An increase
in mass of the left ventricle is also observed, a phenomenon
that retrogrades with the closure of the VA. There is, however,
a lack of consensus as to what is understood by a high-flow
VA and its possible related cardiovascular effects. It has been



considered that a Q, of over 1000-1500 ml/min may cause
cardiac complications. However, an important current of
thinking points out the importance of the flow-cardiac output
ratio (Q,/CO ratio), highlighting that if the ratio exceeds 30%,
a congestive heart failure can present itself independently of
absolute Q, value. At the same time, patients with high flow
in the VA experience an increase in tele-diastolic volume with
the risk of cardiac failure. In fact, it has been proposed that
patients with Q,>2000 ml/min in comparison with those of
Q,< 1000 ml/min show a marked tendency to high left
ventricular volume, and once this is done, in the event of
cardiac failure, the value of elevated flows, especially from
2000 ml/min, must be weighed up (Fig. 13). On the other
hand, the controversy surrounding the extent to which cardiac
function is altered after nAVF creation should not be forgotten,
given the presence of multiple confounding factors in these
patients. In other words, is it the nAVF that contributes to
the onset of heart failure, but from a limit, or is it really an
underlying heart disease that is decompensated by the nAVF.

o  MI031 Tis04 12L

Figure 13. High flow arteriovenous fistula (2845 mi/min).
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1. Advantages of using Doppler ultrasound by nurses

In recent years nursing staff have incorporated Doppler
ultrasound into nursing practice in various specialities. The
field of VA care is probably where the information provided
by an ultrasound study has the most significant impact on
decision-making and assistance when nurses have to perform
an invasive technique

HD indications have been extended to incorporate patients
who were previously excluded from the program. Age limits
have been extended and the number of pathologies and
complications, which very frequently include vascular disease
and diabetes, has multiplied.

Advanced age and vascular pathology have been shown to
determine a greater complexity of VA for HD. This implies
an increased risk when needling, a risk of aneurysm, the
appearance of stenosis, extravasations, thrombosis and the
possible need to perform a new VA and/or the placement of
a catheter for haemodialysis. The length of suitable areas for
cannulation in the nAVF can also be shortened.

There is great consensus that nAVF is the VA choice for HD
treatment. To fulfill the quality criteria of the VA guidelines
(thrombosis rate, percentages of different types of AVF. etc.)
requires a multidisciplinary team, made up of the nephrologist,
vascular surgeon, radiologist and renal nursing staff, who
should all work together. They are professionals who all
intervene in VA on a daily basis, and can benefit from the
morphological and functional information provided by Doppler
ultrasound. The use of this information represents a substantial
change in the habitual practice of renal nursing staff since
it allows these professionals to play a significant role in the
multidisciplinary team and make decisions that allow them to



do more than simply place the needle; in other words, to take
part in effective VA management.

2. Real time ultrasound-guided cannulation

Real time ultrasound-guided cannulation, understood as
needling with ultrasound control during the cannulation
procedure, is of great assistance in channelling complex AVF.

There are two types of approach for ultrasound guided
needling according to the visualization planes:

Figure 1. Out of plane
approach

Out of plane: the vessels are visualized as rounded
and dark structures. In this type of approach, the
ultrasound probe should be placed so that the long
axis of the probe face is perpendicular to the vessel
walls, obtaining a transverse view of the vessel.
The needle will be inserted in a plane parallel to the
vessel, that is, perpendicular to the field of ultrasound
vision (Fig. 1). It is the least used technique, so only
the needle can be visualized at the moment of entry
into the vessel when it is in the field of view (Fig. 2)
In order to continue its visualization, the probe has to
be moved using the sweep technique.

2 puncio CSPT 20150ct13  18:15
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Figure 2. View of the vessel and needle with out of plane approach
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* In plane: the vessels are visualized as elongated
structures. In this type of approach, the ultrasound
probe should be placed so that the long axis of the
probe face is parallel to the vessel. The needle will be
inserted longitudinally into the vessel, that is, parallel
to the field of vision (Fig. 3). With this view the needle
can be controlled and visualized all the time when
cannulating (Fig. 4).

2 puncio CSPT 20150ct13 2
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Figure 3. In plane
approach to the vessel

Figure 4. View of the vessel and needle with in plane approach

Due to the characteristics of AVF and the needles used in
haemodialysis, the “in plane” approach (Fig. 3) through the
longitudinal projection of the vessel to be channelled is usually
recommended, as it allows the needle to be kept within the
ultrasound vision field throughout the segment, including the
approach and the canalization of the vessel (Fig. 4).

In both types of approach, the precaution of placing the
structure to be visualized in the centre of the screen should
be taken. It should be needled a few millimetres distal to the
probe and in the centre, the tip of the needle should always be
located and the needling angle adjusted (Fig. 5, Fig. 6).



_
Figure 6. Real example
of in plane approach

Figure 5. Inserting the needle

3. First needling

A morphological and functional study is recommended,
performed using Doppler ultrasound, prior to the first
cannulation of nAVF. Needling of an immature nAVF may
increase the incidence of complications (haematomas,
thrombosis) and reduce their survival.

Although the ideal nAVF for puncture is considered to be
the one that fulfills the rule of the three 6's (Q, > 600 ml/min,
diameter > 6mm and depth <6 mm), generally a Q, of 500 ml/
min and a diameter of at least 4 mm are required to consider
an nAVF mature. In addition to checking the maturation
criteria compliance, the ultrasound study of AVF prior to the
first cannulation will allow determination of the appropriate
cannulation sites.

The latest Spanish VA guidelines suggest the following criteria:

» To carry out exercises before and after the creation of
nAVF to promote maturation.
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* Not to start cannulation before two weeks after nAVF
creation and to identify the ideal moment to make the
first cannulation in each patient.

 To start pAVF cannulation between two and four
weeks after construction, (with the exception of early
cannulated grafts).

4. Cannulation of non-pathological complex nAVF

There are several variables which can cause difficulty in
needling, Q, deficit, high pressures and / or failed punctures.
These factors include the following:

« anatomical variability of the venous and arterial trees

» the flow and direction in which blood circulates through
the arterialized veins

» the depth and size of the veins (Fig. 7)
» the existence of aneurysms, haematomas, etc.

Mi1.2 Mis 0.2 L4

4L 0.89 cm

Figure 7. Measurement of the size and depth of the vein



The morphological and haemodynamic study, by means
of Doppler ultrasound, of AVF can help to optimize VA
performance, choosing the ideal needling zones for both
morphological and functional characteristics.

5. Pathological AVF needling

Difficulty in needling can be considered as a sign of early
pathology detection. A Doppler ultrasound scan performed by
nursing staff, which may suggest the presence of pathology,
can speed up diagnosis and possible treatment, in addition to
avoiding failed and traumatic cannulations.

Although diagnosis is not a nursing function, the recognition of
a pathological AVF by nurses is useful to decide on needling
alternatives or, if appropriate, the non-viability of the VA.
Beyond the diagnostic criteria discussed in Chapter 3, there is
a number of indirect characteristics that can help to recognize
a potentially pathological AVF.

Stenosis is the most frequent pathology that an nAVF can
present. Indirect characteristics that can be identified are:

» High resistivity Doppler wave in the brachial artery
* RI> 0.6 measured in the brachial artery
* Aliasing in the stenosis area

6. Spectral wave in the brachial artery

The spectral Doppler or Doppler curves consist of a curve
of velocity versus time, which represents the variation of the
velocity of red blood cells throughout the cardiac cycle. The
time is represented on the horizontal axis and the velocity on
the vertical. The direction of the flow is shown by the orientation
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of velocity: positive values move towards the probe and
negative ones move away from it.

It is necessary to assess the characteristic spectral widening,
both in nAVF and in pAVF, of a low-resistance system
(Fig. 8), instead of the three-phase wave which characterizes
the normal peripheral arterial territory of high-resistance prior to
the creation of VA or of AVF with significant stenotic pathology
(Fig. 9). The resistance is quantified by the resistivity index.

Figure 8. Characteristic low resistance wave Figure 9. Characteristic high resistance wave

7. Resistivity index

The resistivity index is a value derived from the ratio.

RI= PSV- EDV/PSV
PSV= Peak systolic velocity, EDV= End diastolic velocity

It is used to measure the effects of changes in peripheral
vascular resistance. It shows that when the velocity is higher
at the end of diastole, the RI is lower and viceversa. As
previously discussed, it has been suggested that an increase
higher than 0.6 in the measurement at brachial artery level
could indicate stenosis (Fig. 10).
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Figure 10. Resistivity Index measurement

8. Aliasing

This is a heterogeneous pixel, characteristic of areas of high
velocities, such as stenosis, when working in colour Doppler
mode (Fig. 11).
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Figure 11. Aliasing effect
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As previously mentioned, aliasing is a phenomenon produced
when the capacity to measure the blood velocity of the
equipment is lower than the blood velocity in the examined
vessel, which means that there is a limit to the maximum flow
velocity that can be measured. In the colour image, an area
of turbulence without a defined colour will be shown and the
Doppler curves will have a wider spectral wave or even be
decapitated at the maximum velocity peak at the high limit of
the scale.

Correct PRF adjustment is fundamental, adapting it to the
velocity of the flow to avoid false aliasing. When a low flow
has to be analyzed, PRF must be decreased, and if it is high,
it must be increased. In Doppler curves the baseline and the
velocity scale should be adjusted as well.

9. Individualized AVF approach

The morphological and haemodynamic characteristics
of the ultrasound examination allow the approach to be
individualized and to optimize treatment. Doppler ultrasound
permits decisions to be made regarding needling techniques
and material to be used, etc.

Needling technique for haemodialysis is one of the factors that
influences VA survival.

Currently there are three needling techniques:

- Area technique: needling is concentrated in a specific
area of 2-3 cm of the arterialized vein, which causes
micro-traumatisms of the venous wall and favouring
the appearance of aneurysms, inside which there are
turbulences that stimulate post-dilatation stenosis
and thrombosis of the nAVF. In pAVF the risk of



pseudoaneurysms increases due to the destruction of
the prosthetic tissue.

- Rope-ladder technique: needling is made along the entire
length of the nAVF vein. It minimizes the appearance of
dilations although it requires a well-developed venous
segment, increases the probability of failed cannulations
and produces pain. This would be the technique of choice
in both nAVF and pAVF.

- Buttonhole technique: it is another type of of needling in
which the vein is firstly canalized with a sharp needle at
the same site over several sessions until a subcutaneous
tunnel is created. Once the tunnel is established, it can
be cannulated with a blunt needle through the tunnel
of scar tissue that facilitates the insertion of the needle
through it.

There is agreement that rope-ladder technique is the choice
for AVF cannulation and that area needling should be avoided
whenever possible. In cases of nAVF with a small section
suitable for needling, where rope-ladder technique is not
possible, the buttonhole technique is an alternative to area
needling. Buttonhole technique is not indicated in pAVF.

Doppler ultrasound is useful for assessing which sections
can be cannulated, for monitoring the subcutaneous tunnels
characteristic of the buttonhole technique (Fig. 12), and for
check the VWing position in cases of difficult cannulation
(Fig. 13). In deep nAVF, Doppler ultrasound allows assessment
of the viability of the use of long needles (3.2 cm), needling
assistance devices (VWING), etc.

10. Flow Monitoring

Measurement of AVF flow is an important indicator of
satisfactory functioning, as the finding of progressively
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decreasing values in flow are, for both nAVF and pAVF,
predictive of thrombosis. Potential flow errors can be calculated
using different parameters like the vessel area measurement,
insonation angle, sample volume size and those related with
the haemodynamic stability of the patient.

Although there have been controversial results in different
studies on the risk of thrombosis estimation and on the
definitive loss of AVF through flow surveillance, the use of
surveillance techniques based on flow measurement in nAVF
decreases the incidence of thrombosis and access loss. It
therefore allows for a reduction in the rate of central venous
catheters and their associated morbidity.

The use of the Doppler ultrasound in accordance with a
multidisciplinary protocol allows the surveillance of AVF of the
prevalent patient as well as in the maturation period. It offers
the advantage of important morphological information of AVF
in the same procedure.

Figure 12. Image of a buttonhole tunnel
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Figure 13. Image of a VWing in out of plane and in plane approach.
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In order to synthesize all the previous content and make use
of it in daily clinical practice, it is necessary to summarize the
main issues for a formal AVF ultrasound examination.

Before starting the examination, parameters must be optimally
adjusted. In B-mode this includes gain, focus and depth. In
colour mode, gain, PRF and window size should be centred
on the examination area and adjusted. Finally velocity scale or
PRF should be adapted in spectral Doppler, and the base line
situation and volume of the sample size be sought.

It is usually recommended to start examination from the
feeding artery anastomosis to the proximal branch of the
brachial artery. Firstly, anatomical variability, such as high
bifurcation, must be observed (Fig. 1) and in a second phase,
the venous trajectory from the anastomosis to the proximal
venous territory must be examined.

MI12 Tis03

Figure 1. High bifurcation of brachial artery (double artery in arm) . Note the satellite
veins (“Micky Mouse ears”)



1. Arterial examination

Atransverse route in B-mode should be followed in a proximal
direction to look for possible variations of calibre. Special
attention must be taken to observe bifurcations because flow
should be measured above it.

In brachial nAVF, the artery should be examined from the
anastomosis to proximal area, ruling out the presence of
stenosis, mainly pre-anastomotic. After this, the trajectory
must be examined distally through any bifurcation, and the
radial and ulnar arteries must be followed up to the hand to
ensure correct vascularization. Proximal brachial bifurcation
should be identified for correct flow measurement.

In radial nAVF, the radial artery must be followed from the
anastomosis proximally up to the radial-ulnar bifurcation in
order to identify the best area to perform the flow measurement
proximal to the bifurcation at the same time as the brachial
artery is examined. The ulnar artery should also be examined
from the bifurcation to the hand. The artery vascular bed must
be followed in search of possible stenosis,

2. Anastomosis

When the anastomosis is located in B-mode, a transverse
image should be obtained. Then, the picture frame must be
frozen and the anastomosis width measured. Once recorded,
the picture should be taken off freeze-frame and the probe
placed longitudinally to see it from this point of view. Then, the
width must also be measured.

Still in longitudinal view, colour mode should then be activated
to see the anastomosis and identify the presence of reverse
flow from the distal radial artery to the anastomosis, which can
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be feeding back to the nAVF (Fig. 2). It should be remembered
that this can contribute to steal syndrome in the hand.
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Figure 2. Anastomosis. Reverse flow

3. Vein examination

A transverse view of the vessel should be obtained in B mode
along the nAVF venous segment, identifying particularly the
basilic and cephalic veins, but it is also important to identify
other veins like the perforating as well as collateral veins. The
trajectory must be followed as far as the clavicle where the
more proximal cephalic vein territory can be examined close
to its drainage into the subclavian vein. Any decrease in size
that could indicate stenosis or areas with a thrombus stuck to
the vein wall must be noted. The presence of extra vascular
masses or collections should be located in the examination.

After the transverse examination, the examination must be
repeated longitudinally with the same objectives. At the same
time, the examination must identify the ideal areas to needle



the access, which is one of the main objectives of ultrasound
examination performed by nurses. Measurements of vessel
depths and diameters should be taken and, if necessary, the
distance between them should also be recorded. (Fig. 3)

After completing the examination in B-mode, the same
examination must be carried out in colour mode to look for
areas with aliasing, which could indicate stenosis. It must also
be performed in transverse and longitudinal view.

During the examination, in areas where a possible stenosis
has been identified, diameter measurements must be taken
before and inside the stenosis (Fig. 4). These are needed to
calculate the percentage of decrease in size (percentage of
stenosis). Peak systolic velocities should also be taken in the
same places. It must be remembered that in order to measure
velocities at one point, the angle must be correct as well as the
sample volume size. In the case of velocity measurements, the
size must be as small as possible to obtain the exact speed at
the specific point in the centre of the vessel lumen.

Figure 3. Diameter and depth measurement in
B-mode. Best needling approach.
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4. Flow measure

To obtain the access flow measurement, this must be done
in the brachial artery, except in the case of pAVF, in which in
the whole graft segment can be measured. To measure the
flow, a segment of the brachial artery which is as straight as
possible should be located, and in the case of brachial nAVF
the segment must be at least 5 cm away from the anastomosis.
Any possible anatomical variability, such as a high bifurcation
of the artery, should be observed. In this case, flow must be
measured above the bifurcation; if this is not possible, it must
be measured in both arteries and then added up.

Once the segment of the artery in B-mode has been located,
the probe must be placed longitudinally, and the artery must be
clearly visible. When the image is centred and clear, Doppler
mode should be activated. The flow measurement must be
taken with an insonation angle of 60 degrees, which is usually
predefined in the device. Once the sample volume is placed
inside the vessel, the sample volume must be adjusted to
make it as wide as possible. Vessel walls must not be reached
to avoid turbulence of the flow generated on it. To obtain the
correct value, the sample volume has to be placed parallel to
vessel walls: if necessary, this position can be optimized by
moving the probe to one side or the other and using the “tip-
heel” technique, consisting of tilting the probe longitudinally so
that it inclines in order to find the correct position of the sample
volume in relation to the vessel walls.

When a stable cycle of spectral record is obtained, the image
is frozen. Once frozen and spectral Doppler values are
obtained, vessel diameter from wall to wall (internal diameter)
must be measured, remembering that it must be measured
perpendicular to the vessel walls. A slight variation in diameter
measurement can cause a mistake in decision-taking, so it



is absolutely essential to be as scrupulous as possible when
measuring. Current ultrasound devices usually calculate
the flow value directly using data from diameter and Time
Averaged Mean Velocity (TAMEAN), obtained with the
spectral record. Due to possible variability when measuring,
three measurements must be taken to determine the flow and
calculate the average. (Fig. 5)
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Figure 5. Flow measurement
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