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Purpose

This document was prepared by the Professional Standards Committee (PSC) of the
College and Society for Clinical Vascular Science (CSVS) to support the practise and
delivery of high quality standardised Clinical Vascular Science. This document may be used
in its entirety (or referenced in part with suitable additions made by local policy
implementers) by all parties involved with clinical vascular science. Suggestions for
improving this document are welcome and should be sent to the Chair of the PSC (see
csvs.org.uk for current PSC Chair details).

Introduction

Arterial Duplex ultrasound examinations are carried out to assess for occlusive and
aneurysmal disease in the major arteries of the lower or upper limbs and abdomen. %
6 This test is also used for surveillance following interventions such as bypass graft or
stent.

Common Indications
1. Lower extremities:
Common indications for performing this examination include:
o Claudication
e Rest Pain
o Critical Limb Ischaemia
e Ulceration/tissue loss/gangrene
e Surveillance following intervention
e Suspected aneurysmal disease.
e Suspected pseudoaneurysm.
e Pre — Renal transplant
o Clarify the results of other relevant diagnostic procedures e.g., CTA
e Repeat examinations to confirm prior imaging and Doppler evaluation.
o Verify that the requested procedure correlates with the patient's clinical presentation.

o To exclude arterial disease where compression dressings are being considered.
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2. Upper extremities:

Common indications for performance of upper extremity arterial duplex imaging include:

Known history of peripheral arterial disease

Ischaemic rest pain

Arterial ulceration or gangrene

Pre-procedure assessment for planning of intervention

Follow up after surgical intervention, i.e., post angioplasty and/or stent placement
Post-operative surveillance of arterial bypass grafts

Evaluation of an aneurysm, pseudo-aneurysm, and arterial-venous fistula
Evaluation of arterial trauma

Arterial Thoracic Outlet Syndrome (TOS)

Contraindications and Limitations:

Contraindications for arterial Duplex ultrasound are few; however, some limitations exist and
may include the following:

Patients with high body mass index.

The presence of ulcers, wounds, bandaging or casts and for patients who have had
recent surgery, ultrasound visualization may be limited due to oedema, haematoma,
surgical staples, dressings etc.

Calcified plaque may cause acoustic shadowing limiting Doppler and B-mode image
assessment.

Lower extremity contractures and/or oedema/swelling

Patients who are unable to lie with their limbs flat or still due to extreme pain or pre-
existing co-morbidities e.g., chronic obstructive pulmonary disease (COPD) and
arthritis — although these patients may be able to tolerate being examined seated
with the limb dependent or with the head of the bed raised where practical.

Patients who are unable to cooperate (mentally or physically) or those with
involuntary movements.

Examinations undertaken portably at the patient's bedside may be limited due to
equipment, inappropriate light levels, and room dimensions.

The presence of catheters or vascular access lines which limit visualization of the
vessels.
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Patient Pathway

An arterial Duplex assessment is often the initial diagnostic test in the pathway of patients
with suspected lower or upper limb arterial disease, and particularly where any intervention
may be needed. It is used in surveillance programs to follow up patients who have had an
intervention such as a bypass graft or stent.

Guidance is given to the use of duplex in the National Institute for Health and Care
Excellence (NICE) guideline? and ‘The Provision of Services for Patients with Vascular
Disease’’ document.

Patient Referral Referrals for arterial Duplex allow investigation or follow-up of patients with
the above clinical indications and can be used to check technical adequacy following
intervention. The referral should include details of the presenting symptoms.

Verification that the requested procedure correlates with the patient’s clinical presentation

Patient Preparation

No specific preparation is required for scanning the leg arteries below the groin or for
scanning the arteries of the arm.2®

Access will be required to the patient’s legs or arms.
Scanning may be difficult in patients with leg ulcers or open wounds or high BMI.

Sterile dressings or cling film may allow imaging over broken skin. Bowel gas often makes
imaging of the abdominal aorta and iliac arteries difficult. Some centres use advanced
preparation, such as fasting for 6 hours prior to the scan, to improve imaging of these
vessels. Care should be taken with any advice given to diabetic patients prior to a scan
appointment.

Explanation of Examination
The person undertaking the examination should:
¢ Introduce themselves
o Confirm the patient’s identity e.g., full name and date of birth

e Explain the procedure and its duration — consideration should be made to the age
and mental status of the patient

e Obtain verbal consent for the examination
e Obtain pertinent relevant medical history from the patient and/or notes

e Respond to questions and concerns about any aspect of the evaluation.
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o Educate the patient about risk factors for and symptoms of peripheral arterial
disease.

o Refer specific diagnostic, treatment, or prognosis questions to the patient's
physician.

Examination

The examination may be unilateral or bilateral dependent upon clinical symptoms and
departmental policy.

The patient is asked to remove their clothing to expose the relevant part to be examined (this
may be the lower limb from groin to ankle, upper limb from neck to wrist, or abdomen).

The examination is performed with the patient supine. Their dignity and privacy should be
always maintained and due to intimate nature of the examination it may be considered
necessary to offer a chaperone.®

During the examination the patient’'s mental and physical status should be monitored and
modifications made to the examination accordingly.

Ankle brachial pressure index (ABPI) may be included according to local requesting policy.

The following appropriate techniques should be used to evaluate the lower or upper limb
arterial systems:

o B-Mode should be used to image the artery and assess for, aneurysmal dilation and
vessel contents e.g., atheromatous plaque, thrombus.

o Colour Doppler should be used to assess for the presence/absence of flow and aid
the position of spectral Doppler when quantifying stenoses.

o Pulsed wave Doppler should be used to determine the direction or absence of flow
and measure the velocity of flow to enable assessment of stenoses/occlusions.

Any areas where the optimised colour flow Doppler appears disturbed should always be
interrogated with Pulsed Doppler.

The highest peak systolic velocity should be measure at the site of the disturbance or
narrowing (Vs) and in a normal area of the artery just proximal to the narrowing (Vp). Care
should be taken to ensure that Doppler angle is consistently 60 degrees or less on each
image when recording velocity measurements.

The main criterion used to grade the degree of narrowing in the artery is the ratio of Vs
to Vp, known as the peak systolic velocity (PSV) ratio. The PSV ratio is used to grade the
severity of the narrowing. A PSV ratio of greater than 2 is generally used to define a stenosis
that is causing a greater than 50% reduction in the diameter of the artery. A PSV ratio of
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greater than 4 is generally used to define a stenosis that is causing a greater than 75%
reduction in the diameter of the artery.®

Changes in the shape of Doppler waveforms are important criteria in determining the
presence of disease. Multiphasic waveforms generally represent normal
flow/vessels, whereas monophasic/damped waveforms usually represent the presence of
proximal/distal disease.

For bypass graft assessment, the entire length of the graft should be scanned paying
particular attention to the anastomoses. The inflow and outflow should also be assessed.

Similarly, for stent insertions, particular attention should be given to imaging and assessing
flow through the stent together with an assessment of the inflow and outflow to the stented
area.

In cases of diameter mismatch (e.g., large diameter graft joined onto a smaller diameter
outflow vessel), consideration can be given to using a distal peak systolic velocity instead of
Vp_12-14

General considerations

Measurement technique should ensure accuracy is optimised as appropriate to the clinical
scenario; this may require:

= Optimal adjustment to scale, gain and cursor placement for velocity measurements

= Selection of an appropriate probe including knowledge of probe resolution
(axial/lateral) for linear measurements.

= Ensuring reported linear measurements are consistent with the level of
accuracy/resolution possible, including the use of rounding where appropriate.

= Optimised technique for volume flow measurements, applying knowledge of all
sources of error and ensuring reported measurements do not imply a level of
accuracy which is not possible.

Waveforms:

The CSVS arterial waveform nomenclature guidance is to homogenise, standardize and
clarify key descriptions of the lower limb Doppler waveform morphology, so that vascular
scientists and other interested parties, use the same nomenclature when managing
peripheral arterial disease (PAD) patients. °

For lower limb assessments, evaluation of the following arteries should be included,
as appropriate:

o Abdominal Aorta

o Common iliac artery (CIA)
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o External iliac artery (EIA)

o Common femoral artery (CFA)

o Proximal profunda femoris artery (PFA)
o Superficial femoral artery (SFA)

o Popliteal artery

o Tibio-peroneal trunk (TPT)

o Posterior tibial artery (PTA)

o Anterior tibial artery (ATA)

o Peroneal artery

For upper limb assessments, evaluation of the following arteries should be included,
as appropriate:

o Brachiocephalic artery
o Subclavian artery

o Axillary artery

o Brachial artery

o Radial artery

o Ulnar artery

An appropriate number of relevant annotated images that represent the entire ultrasound
examination should be stored, in accordance with local protocol and the SVT Image Storage
Guidelines’®.

Thoracic Outlet Syndrome

Thoracic Outlet Syndrome (TOS) assessment involves real-time Duplex assessment of the
Subclavian/Axillary vessels (arteries and veins) at rest and on upper limb provocation/hyper-
abduction”"8,

The presence of increased flow velocities, turbulence, and ultimately temporary cessation of
flow in the vessel during provocation/hyper-abduction indicates positive TOS. It should be
noted that false positive TOS may be detected in healthy asymptomatic subjects, and it is
therefore necessary for Duplex findings to correlate with patient’s clinical symptoms'”. It is
recommended to examine the proximal vessels in the seated position to allow free
movement of the upper limb for provocation/hyper-abduction.
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Assess the Subclavian artery through the suprasternal, supraclavicular and infraclavicular
windows. The Axillary artery may be better imaged with the arm abducted.

The subclavian and axillary veins might also be assessed in a similar way for vein TOS.

Popliteal Artery Entrapment Syndrome.

Popliteal Artery Entrapment Syndrome (PAES) results from the abnormal course of the
popliteal artery in relation to the medial head of the Gastrocnemius or other muscles (19).

This may lead to claudication symptoms, embolization, and ischaemia, but often with
no apparent reduction in foot pulses at rest.

Symptoms arise from the intermittent entrapment of the artery from extrinsic compression
during exercise. Measure PSV in the popliteal artery and TP-trunk and proximal ATA with
the foot at rest followed by dorsiflexion, plantarflexion or any other position that induces
symptoms.

Although the measurements may be taken with the patient in the prone position with feet
over hanging the couch to allow full flexion movement, it is more reliable with the patient
standing and on tip toes whilst supporting themselves on the edge of a couch. (21,22)

Use colour Doppler and B-mode imaging to look for regions of compression and use spectral
Doppler to look for velocity changes.

It is important to assess the arteries under some degree of forced provocation as the
majority of PAES occurs with sustained holding of 270% of maximal plantar flexion force
(19,20).

This dynamic loading can be achieved by the sonographer or assistant applying counter
force at the foot during plantar flexion, by patient pushing foot against a wall or other
resistance, or by using patient standing induced force techniques (20).

If the test is negative, the patient can try similar exertion that provokes symptoms,
and immediately repeat the scan in the weight-bearing standing position with force exerted
through the leg.

Cine loops may be useful to capture the dynamic changes. Always test both legs.

Peripheral Aneurysmal disease.

An association between femoral and popliteal artery aneurysms and abdominal aortic
aneurysms (AAAs) has been well recognized. (24) Femoral and popliteal artery aneurysms
are limb threatening because of their potential to cause embolism, thrombosis, and,
uncommonly, rupture. (23)

The following definition of an arterial aneurysm is suggested: An aneurysmis a permanent
localized (i.e., focal) dilation of an artery having at least a 50% increase in diameter
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compared to the expected normal diameter of the artery in question. In this regard normal
arterial diameters determined from local protocols/literature should be considered when
reporting on aneurysms (23)

Patients with abdominal aortic aneurysms (AAA) are more prone to develop popliteal artery
aneurysms (PAA). Owing to the high prevalence of popliteal artery aneurysms in AAA
patients, the poor sensitivity at clinical examination, all patients with AAA should undergo
one examination of their popliteal arteries. (24)

Reporting

The report is a recording and interpretation of observations made during the arterial Duplex
ultrasound examination; it should be written by the person undertaking the examination and
viewed as an integral part of the whole examination.

The report should include correct patient demographics; date of examination; examination
type and the name and status of the person reporting the examination.

There are no specific recommendations for the report structure, for upper and lower limb
arterial scans, many referrers find a pictorial report with written conclusions helpful.

The report should include:

e An indication of which arteries have been assessed commenting on the
presence/absence of flow, as appropriate.

o The anatomical position and length of any occlusions or stenoses.

e The anatomical position and size of any aneurysms. Neck diameter and length for
pseudoaneurysms.

e Any limitations of the assessment e.g., due to body habitus/calcified vessels/bowel
gas.

o Comments on the shape of the Doppler waveform at different locations.

Where the investigation was a surveillance or follow up scan of an intervention, the report
should give details of the intervention and should specifically comment on the patency and
flow in the region of the intervention. The report should be signed by the operator carrying
out the test.

Where a computer-generated reporting system is used, the locally agreed verification and
authorisation procedure should be followed.

The report should be written as soon as possible following the assessment and be made
available to the referring clinician on the day of the test. Any urgent findings should be
brought to the attention of the referring clinician immediately according to local policy and
this should be documented in the report.
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Incidental findings should also be recorded in the report and acted upon as per locally
agreed policy.
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