Carotid Artery Duplex Protocol
Equipment
The carotid bifurcation is assessed using either an L9-3MHz or C10-3.5MHz linear array transducer. 
Technique
The examination is performed with the patient supine.  The carotid bifurcation is located with a rapid transverse or longitudinal scan.  The arteries are scanned in longitudinal plane generally from either an anterior/oblique or posterior/oblique approach.  In very thin/skinny patients a more posterior/lateral approach is preferred to enable the sternomastoid muscle to act as an acoustic window.  The jugular vein lies lateral to the CCA and is easily distinguishable by its variations with respiration.  Once the bifurcation and the CCA, ICA and ECA are located, they are interrogated for evidence of the presence of plaque.  Any lesion should be viewed in all dimensions. 
As the examination proceeds, both B-mode images and blood velocity spectra should be recorded from:
· The common carotid artery at the base of the neck, proximal, mid and distal segments
· The origin, mid and distal internal carotid artery (as high as possible) 
· The external carotid artery (origin and proximally)
· The Vertebral artery
A fixed protocol is used for scanning to avoid the introduction of spurious spectral broadening or inaccurate velocity measurements.  The suggested protocol is as follows:
(i) The insonating angle must be <60 (typically 45-60°) 
(ii) The sample volume length should be set at 1.5mm and positioned mid-stream
(Note: excludes low-velocities at the wall)
· NB: Save the images for all of the above sites plus any images of pathology, stenosis, aneurysms etc.. 

Normal Doppler waveforms
All carotid waveforms demonstrate continuous flow throughout the cardiac cycle. A “spectral window” under the systolic component indicates a lack of spectral broadening.
Typically the peak systolic velocity in the ICA has a wide range of 30-110cm/sec.  Disturbed flow in the internal carotid bulb is recognized as a normal phenomenon occurring due to boundary layer separation and re-circulatory flow in the carotid bulb.  This phenomenon accounts for the disturbed flow signals which are characteristic of a normal carotid bulb.
The normal waveform in the ICA is characterised by relatively high diastolic flow (>40cm/s), while the ECA has little or no diastolic flow.  The peak systolic (PSV) and end-diastolic velocity (EDV) values are measured for the CCA, ICA and ECA. 

Grading Carotid disease:

The guidelines used for grading carotid disease is based on applying PSV, PSVR and absolute St Mary’s Ratio. 

1. Joint Recommendations for Reporting Carotid Ultrasound Investigations in the United Kingdom. Oates et al. , Eur. J Vasc. Endovasc. Surg. (2009) 1-11.


Lower Limb Arterial Duplex Protocol

The lower limb arteries are scanned using a curved array transducer (C10-3.5MHz) for the distal aorta & iliac arteries, a linear array transducer (L11-3 MHz) and (C10-3.5MHz) for the common femoral and distal arteries. 

Method 
1. Image the common femoral artery (CFA) and the origins of the superficial femoral artery (SFA) and Profunda femoris artery (PFA). If CFA is normal with triphasic Doppler signals, then no need to scan Aorta and iliac, unless particularly requested by Clinicians, however if Doppler waveform in CFA is biphasic or monophasic then scan Aorta and iliac. 
2. Image the aorta and measure the AP aortic diameter from an axial (TS) image. 
3. Image the common iliac artery (CIA) origins and measure velocities. If the CIA’s can’t be visualised, the waveforms in the external iliac artery can be used to infer presence/absence of proximal disease. A tri-phasic waveform indicates no severe proximal disease, a biphasic waveform is consistent with some proximal disease, while a monophasic signal indicates severe proximal stenosis or occlusion.  
4. Track the vessel to locate any focal increase in velocity, this will correspond to the point of stenosis.  Position the Doppler cursor to obtain the highest velocity of blood through the narrowing. The angle of insonation should be <60 degrees (N.B. may be difficult to achieve in the iliac segments).  Always record a normal velocity waveform proximal to the suspected narrowing.  The percentage diameter stenosis is estimated from the PSV ratio.  This is calculated from the PSV proximal to (PSVn) and at the stenosis (PSVs):





Percentage stenosis classifications are as follows:

PSV ratio 2.0 = 50%; PSV ratio 2-4 = 50-75%; PSV ratio >4.0 = >75%

5. Obtain signals from the external iliac and the origin of the internal iliac arteries.
6. The waveform shape in the common femoral artery provides information on both proximal and distal disease.  A monophasic waveform indicates severe proximal disease. Figure 2

7. Image the whole length of the SFA and distal popliteal artery.
Track the entire vessel, as short segment occlusions can be easily            missed.  If any occlusions or stenoses are detected, comment on their length, their approximate distance from either the SFA origin or the knee and the level at which flow reconstitutes in the native artery. 
8. At the knee (approx. 5cm AK), the distal SFA dives into the adductor canal where it becomes the popliteal artery and then re-appears in the calf muscle.  It is easier to image these segments from the posterior aspect of the leg, with the patient in the prone position. This is a common site of disease that can be easily missed by duplex. 

9. Continue the examination with the patient in the prone position.  The popliteal either trifurcates into the three tibial vessels or more usually bifurcates into the anterior tibial artery (ATA) and tibio-peroneal trunk.  Image the origin of each vessel.
10. Image the posterior tibial artery (PTA) and the peroneal artery origins. 11.   Image the PTA, ATA and PER arteries from their origins to ankle level. 
NB: Save the images for all of the above sites plus any images of pathology, stenosis, aneurysms etc.




Lower Limb Venous Protocol
Equipment
This protocol is designed for use with an ultrasound colour flow mapper. The lower limb veins can be scanned adequately using an L11-3MHz linear array transducer. For the inferior vena cava and iliac veins, an C5-1MHz, curved array transducer is useful. 

Methods
The patient can be scanned in an upright position or supine with the bed tilted by 45˚.  The veins are scanned in both axial and longitudinal sections.  The transducer should be placed lightly on the skin surface since the veins are thin-walled and therefore easily compressible.

DEEP VEINS:
· Starting at the common femoral junction, image the common femoral vein (CFV) with B-mode and colour flow.  Demonstrate the CFV junction.
· Note spontaneous flow signal with respiratory modulation
· Look for filling defects on the colour image during augmentation (on release of calf squeeze)  
· Note the length in time of reverse flow immediately after release of calf squeeze
· Scan the length of the superficial femoral vein (SFV) with and without colour (if looking for DVT, see DVT protocol), confirming patency and competency with calf squeeze.  Record SFV blood waveforms as above.
· Repeat the above for the popliteal vein (POPV). 
SUPERFICIAL VEINS:
· At the CFV junction, visualise the GSV (great saphenous vein). Look for sapheno-femoral reflux at this point. Scan the length of the GSV looking for branches, varicose veins and communicating veins. Look for incompetence at each position. If incompetence/ varicosity/ branches- /communicating veins/perforators detected
mention the anatomical position. 
· At the popliteal fossa (posterior aspect of the leg), visualise the SSV (short saphenous vein. Look for sapheno-popliteal reflux at this point.


[bookmark: _GoBack]CALF PERFORATORS:
(i) Look for incompetent calf perforators (connecting the tibial veins to the GSV) on the medial/lateral aspect of the calf/thigh. If incompetence is suspected, confirm using the Doppler and measure the position of the perforator relative to the medial malleolus (ankle) or knee crease 
· NB: localised skin colour changes usually indicate deep venous reflux or an incompetent perforator nearby.

VARICOSE VEINS:
· Visually locate each prominent VV and follow the course of the vein proximally & distally to confirm no further venous involvement. 

LOWER LIMB VENOUS - DIAGNOSTIC CRITERIA
Normal findings
· For the more proximal veins (CFV) - flow should be phasic with respiration
· The Valsalva maneuver should cause cessation of flow on Valsalva and augmentation on release (confirms iliac vein patency)
· External compression - should cause collapse of the vein
· Colour should fill the entire vein lumen
· Valve closure time should be <<0.5 seconds

Abnormal findings 	
· Continuous, non-varying CFV flow – indicates proximal obstruction (?DVT)
· confirm by performing Valsalva – should have no effect on flow
· image the iliac vessels to identify level of obstruction by using CFM
· Incompressibility indicates local DVT 
· confirm with colour imaging to delineate thrombus
· Comment on echogenicity of thrombus
· old thrombus: echogenic (rigid on  compression)
· fresh thrombus: echolucent or slightly echogenic, often has a mobile component,   soft on compression (not completely compressible)
· comment on any evidence of recanalisation
· Valve closure times  
· Normal closure: <<0.5 seconds 
· Moderate incompetence: 0.5seconds to 0.95 seconds, but closes before next venous cycle
· Gross incompetence – complete reflux >1.0seconds


General considerations:

· NB: Save the images for all of the above sites plus any images of pathology, Baker’s Cysts if seen, Superficial Venous Thrombophlebitis (SVT) or any other pathology that you intend to comment on in the report
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