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Capabilities (Peripheral Veins)

ldentify venous thrombosis

Differentiate acute from chronic processes
Evaluating non-occluding/partial thrombus

Detect calf lesions

Distinguish between extrinsic/intrinsic compression
Evaluate softtissue masses (Baker's Cyst)

Detect venous incompetence

Document collateralization or recanalized channels




Capabilities (Perforating Veins)

Differentiate normal from abnormal flow
patterns

ldentify perforators associated with chronic
venous stasis

Documentvessels marked for surgical
intervention




Capabilities (Abdominal /Pelvic Veins)

Document presence of elevated systemic venous
pressures

ldentify if venous thrombosis is present
Distinguish extrinsic from intrinsic obstruction
Assess portocaval shunts

Evaluate liver diseases by investigating portal

venous sistem




Limitations (Peripheral Veins — LE)

Difficult to thoroughly evaluate vessels due to:
oEdema

oMultiple veins/collaterals

oScarring

oRecent surgery

oObesity

oDepth/size of vessels




Limitations (Perforating Veins)

Difficult to thoroughly evaluate vessels due to:
oEdema

oRecentsurgery

oObesity

oNon-intact skin (open sores, broken skin, etc)




Limitations (Peripheral Veins — UE)

It is difficult to fully evaluate the subclavian,
brachiocephalic/innominate veins due to the
bony structure of the chest

Immobility of the patient




Limitations (Abdominal /Pelvic Veins)

Difficult to thoroughly evaluate vessels due to:
oDepth/size of vessels

oBowel gas interference




Limitations (False Positive Studies)

Extrinsic compression of a tumor, pregnancy,
or ascites

Peripheral Arterial Disease (PAD) decreases
venous filling

COPD

Sonographer skill level (probe angle and
pressure crucial to exam)




Physical Principles

Vein must be identified by appropriate
landmarks (i.e. accompanying artery or bone)

Peripheral veins must be clearly visualized in
transverse to ensure complete coaptation

Velocity signals should be obtained in sagittal
view to maximize Doppler shift




Physical Principles

Maximize color flow and fill patterns:

oDecrease color scale to detectvenous flow
(slower moving)

oDecrease wall filters

olncrease color gain

oSteer the color box

oHeel-toe the transducer to optimize the angle




Peripheral Veins of the
Lower Extremity Exam




Peripheral Veins of LE Technique

Patient Position:

The head of the bed should be elevated to facilitate venous
filling

oReverse Trendelenburg

Hip on the symptomatic side should be externally rotated
with the knee slightly flexed

oAvoid venous compression behind the knee

Keep the patientwarm to promote blood flow




Peripheral Veins of LE Technique

Transducer Frequency:

Linear Array

/7-12 MHz is routinely used however:

015 MHz can be used for superficial veins or very thin
patients

05 MHz or lower may be used for obese legs or extremely
deep vessels

Alter transducer frequency to optimize your image when
necessary




Peripheral Veins of LE Technique

Facility protocols vary significantly:
oUnilateral exam of the symptomatic leg only
oBilateral exam

olmaging calf veins may be included with either of the
above exams

olf only performing a unilateral exam; always check the
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Peripheral Veins of LE Technique

Exam can be started in either:
olLongitudinal
olransverse

For beginning technologists, transverse may be
easier to start with

There is no wrong way to begin the exam, but be
aware of facility (or reading Dr’s) strict protocol's




Peripheral Veins of LE Technique

Imaging should begin at the level of the inguinal ligament

Transverse Imaging: (2-D)
olmage the following vessels with and without compression of the
vein to check for coaptation:

oCommon Femoral

oSaphenofemoral Junction

oOrigin of Profunda Femoris Vein

oSuperficial Femoral Vein (Proximal & Distal)

oPopliteal Vein

oSmall Saphenous-Popliteal Junction (not always routine)

oAnterior Tibial, Posterior Tibial and Peroneal Veins (not always routine)










Peripheral Veins of LE Technique

Transverse imaging allows for direct visualization
of:
oAnatomical verification

oVessel wall coaptation

oCompression should be performed every 1-2
inches along the levels of the lower extremity

oThrombus if present
oVessel should be anechoic if normal




Transducer Compressions

Try to keep the transducer 0 l
perpendicular to the vein for optimal I
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Before beginning compressions, look
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Peripheral Veins of LE Technique

Imaging should begin atthe level of the inguinal ligament as with
transverse imaging

Longitudinal Imaging: (Color and Spectral Doppler with augmentation)
oCommon Femoral Symptomatic Side

oCommon Femoral Asymptomatic Side

oPopliteal Vein

oSaphenofemoral Junction

oOrigin of the Profunda Femoris Vein

oSuperficial Femoral Vein (Proximal to Distal)

oSmall Saphenous-Popliteal Junction (not always routine)

oAnterior Tibial, Posterior Tibial and Peroneal Veins (not always routine)




Peripheral Veins of LE Technique

Doppler assessmentis performed in the
longitudinal view

Color flow is included to help identify:
oOcclusion

oPartial occlusion

oRecanalization of thrombus
oVerification of anatomical variant
oDocumenting venous incompetence




Interpretation of LEV Exam

The primary criteria for detecting DVT is compression
oNormal

oVein walls completely collapse

oNo visualization of intraluminal clot
oAbnormal

oVein walls do not collapse with compression
olntraluminal clotis visible in vessel

oVein walls partially collapse indicating partial
obstruction




Interpretation of LEV Exam

The secondary criteria for detecting DVT is Doppler signal
oNormal

oSpontaneous flow

oPhasic flow with respiration

olnspiration - decrease in venous flow velocity
oExpiration -increase in venous flow velocity
oAugmentation

oCompression of the vein distal to the transducer will
increase (augment) the venous signal
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Interpretation of LEV Exam

Use color along with spectral Doppler

Color Doppleris helpful but be cautious - it can
obscure a partial clot

oMake sure gain/scale settings are appropriate and
of diagnostic quality

oUsing 2-D and transverse views will help to aid in
visualization of partial clots




Peripheral Veins of LE Technique

Calf veins:
oNot all facilities image the calf veins
oTo adequately examine the calf veins, the

sonographer should scan through the entire
length of the veins

oVisualization of the calf veins in one area is
not sufficientand is nota complete
examination of the calf veins




Fopliteal vein

FPeroneal vein

Fosterior tibial vein

Anterior tibial vein

3 Medial malleolus
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Anterior Tibial Veins

Lie along the anterolateral surface of the tibia, running
alongside the interosseous membrane

oLook for accompanying Anterior Tibial Artery

Begin scanning in the proximal calf and follow distally,
coursing with the tibia
olff unable to visualize, begin at the distal portion of the

lower leg (top of the foot) and scan more proximally up
the calf







Posterior Tibial Veins

Lies posteromedial to the tibia

Can also scan posteriorly if medial approach does not
work

Begin scanning at the level of the ankle

oVisualize the PTV's between the medial malleolus and the
Achille’'s Tendon

oFollow PTV’'s up the medial aspect of the calf
oEvaluate Doppler flow and compressibility




Peroneal Veins

Lie posteromedial to the tibia
oBestapproach posteromedial

oScan posteriorly if medial approach does notwork

Begin scanning a few centimeters up from the medial
malleolus

oPeroneals are deeper than the PTV's
oFollow Peroneals up the medial side of the calf while also

evalu atincI; the PTV's
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Peripheral Veins of the
Lower Extremity —
Venous Reflux




Venous Reflux Testing

Used to identify CVI - Chronic Venous Insufficiency

Checks competency of venous valves and identifies

areas of reflux

oReflux - venous blood escapes from its normal
antegrade flow path; instead reverses course and pools
in the veins of the legs

Valves no longer function as they should
oHereditary, Trauma, DVT




Venous Reflux Testing

Two parttesting:

ol. Normal venous duplex exam - patientsupine

oHead of the bed should be elevated to facilitate venous
filling

02. Reflux exam - patient standing

ok levated platform or step stoolis used to help with
ergonomics

Keep the patientwarm to promote blood flow and avoid
vasoconstriction




Venous Reflux Testing

Follow protocol for venous duplex exam with compressions,
grayscale, color, and spectral imaging first

oldentify if reflux is presentin the deep venous system

Have the patient stand so they are elevated 1-2 steps off the
ground

oThe leg to be examined is notto be bearing weight

oToes should be pointed laterally, allows better access of
GSV

oFor Small Saphenous Vein Imaging, have patient turn around
and scan the back of their calf from popliteal fossa to ankle




Venous Reflux Testing

Images of the GSV and SSV are documented in transverse
and longitudinal planes atvarious levels to perform a
complete exam

Transverse diameter measurements are obtained of the
GSV and SSV

oBegin atthe vessel junction and end in the distal leg

In cases of positive reflux, duration of the flow reversal
should also be measured




Venous Reflux Testing

Patients tend to get lightheaded when standing for
the exam

oMake sure they have something to hold on to
oGive them breaks when necessary

Ergonomics are key

For patients who are unable to stand, a steep reverse

Trendelenburi iositionini mai w o rk




Venous Reflux Testing Interpretation

Positive reflux segment:
0>500 ms for superficial or perforating veins

0>1000 ms for deep veins

Document continuity of vessels and any anatomical variables (i.e.
tortuosity, multiple branches, visible perforators)

Diameter measurements in transverse: (measured A-P)

oGSV 4mm - normal limit

oSSV 3mm - normal limit

oPerforators <3mm - normal limit




SE=sSssE

TL 2423 ms

¢ Time 1086 ms
Slope 0.181 cm/s’ w |

(retrograde flow > 0.5 sec)

Left GSV normal antegrade flow

DST THIGH 16, W compression
B.6sec |




Perforating Veins

Normal perforators <3mm

Connectthe superficial venous system to the deep
venous system

Optimize your system settings for low-flow detection
(decrease scale, decrease wall filters, increase color gain)

Patient should be standing to image perforators

oAllows blood pooling in the lower extremity to assess size
and movement of blood flow
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Varicosities

oVaricose veins arise from an increase in pressure of the veins
oAttributed to standing or walking for long periods of time
oAlso caused by:
oAge

oGender (pregnancy)
oFamily history
oObesity
oConcerning for:
oUlcer formation

oBleedincI;




Peripheral Veins of the
Upper Extremity Exam




Peripheral Veins of UE Technique

Patient Position:
Patientis in a supine or Low Fowler’s position

oWhile scanning their neck, have the patient turned their
head slightly away from you

Make sure the stretcher is wide enough to comfortably
supportthe upper arm

Keep the patient warm




Peripheral Veins of UE Technique

Transducer Frequency:

Linear Array

/-12 MHz is routinely used however:

015 MHz can be used for superficial veins or very thin
patients

05 MHz or lower may be used for obese legs or extremely
deep vessels

Alter transducer frequency to optimize your image when

necessari




Peripheral Veins of UE Technique

Facility protocols vary significantly:
oUnilateral exam of the symptomatic arm only
oBilateral exam

olmaging of lower arm veins may be included with either of
the above exams

olf only performing a unilateral exam; if there is a question
about “normal” flow for the patient, compare it to the
asymptomatic side




Peripheral Veins of UE Technique

Imaging should begin at the internal jugular vein

Transverse images: (2-D Imaging)

olmage the following vessels with and without compression:
olnternal Jugular Vein

oPeripheral Subclavian Vein

oAxillary Vein

oBrachial Veins in the upper arm

oCephalic Vein in the upper arm** ** Superficial
oBasilic Vein in the upper arm** Veins

oFocal simitomatic areas, if iresent




Peripheral Veins of UE Technique

Additional transverse images:
oRadial (if clinically indicated)

oPaired veins thattravel along the lateral aspect of the
arm

oUlnar (if clinically indicated)

oPaired veins that travel along the medial aspect of the
arm




Peripheral Veins of UE Technique

Transverse imaging allows for direct visualization of:

oAnatomical verification

oVessel wall coaptation

oCompression should be performed every 1-2 inches
along the levels of the lower extremity

oThrombus if present
oVessel should be anechoic if normal




Peripheral Veins of UE Technique

Imaging should begin at the level of the internal jugular vein
Longitudinal Imaging: (Color and Spectral Doppler)
olnternal Jugular Vein

oSubclavian Vein

oAxillary Vein

oBrachial Veins

oRadial Veins (if clinically indicated)

oUlnar Veins (if clinically indicated)

oCephalic Vein

oBasilic Vein




Peripheral Veins of UE Technique

Doppler assessmentshould be performed in the
longitudinal view

Color flow Doppler should be included to help identify:
oOcclusion

oPartial occlusion
oRecanalization of thrombus
oVerification of anatomical variations

oDocumentini venous incomietence
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Interpretation of UEV Exam

The primary criteria for detecting DVT is compression
oNormal

oVein walls completely collapse

oNo visualization of intraluminal clot

oAbnormal

oVein walls do not collapse with compression
olntraluminal clotis visible in vessel

oVein walls partially collapse indicating partial obstruction




Interpretation of UEV Exam

The secondary criteria for detecting DVT is Doppler signal
oNormal

oSpontaneous flow

oPhasic flow with respiration

olnspiration - decrease in venous flow velocity
oExpiration -increase in venous flow velocity
oAugmentation

oCompression of the vein distal to the transducer will
increase (augment) the venous signal




Interpretation of UEV Exam

Use color along with spectral Doppler

Color Doppleris helpful but be cautious - it can

obscure a partial clot

oMake sure gain/scale settings are appropriate and
of diagnostic quality

oUsing 2D and transverse views will help to aid in
visualization of partial clots




Abdominal and Pelvic
Veln Exam




Abdominal and Pelvic Vein Technique

Patient Position:

oOne or more of the following positions may be used
for image optimization of all exams:

oSupine with head slightly elevated
oLeft and/or right lateral decubitus position
oReverse Trendelenburg position




Abdominal and Pelvic Vein Technique

Evaluation of the IVC and pelvic veins begins in the

transverse view at the level of the umbilicus

Evaluation of other abdominal vessels begins in the

transverse view at the level of the xi

Accurate identification of the vesse

bhoid process

s is reliant on the

sonographer’s knowledge and skill set (i.e. pulsating

Aorta vs. IVC)




Abdominal and Pelvic Vein Technique

Because compressibility of the abdominal and pelvic
veins is not possible, respiratory changes can be
evidentin the IVC and iliac veins

Evaluate patency
Venous Doppler signals should be spontaneous

Know your anatomy and the normal direction blood
flow should be moving




Abdominal and Pelv1c Vein Technique

Portal vein - hepatopetal

oBrings blood flow into the
liver sinusoids from the SMV
and Splenic Vein

oContinuous flow, minimally
affected by respirations (if
pulsatile, consider
congestive heart failure or
fluid overload




Abdominal and Pelvic Vein Technique

Portal vein - hepatopetal
oPart of a liver Doppler exam to R/O abnormalities:
oDirection of flow
oThrombus
Doppler samples are taken at the longitudinal
aspect of the:
oMain Portal vein
oRight Portal vein
olLeft Portal vein




Abdominal and Pelvic Vein Technique

Hepatic veins - hepatofugal

oBrings blood flow from the
liver into the IVC

oMinimally phasic,
bidirectional, or pulsatile
signal may be demonstrated
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Abdominal and Pelvic Vein Technique

Hepatic veins - hepatofugal

oPart of a liver Doppler exam to R/O abnormalities:
oDirection of flow

oThrombus

Doppler samples are taken at the longitudinal

aspect of the:
oMiddle Hepatic vein
oRight Hepatic vein

olLeft Heiatic vein




Abdominal and Pelvic Vein Technique

Splenic vein-

Part of a liver Doppler exam to R/O abnormalities:
oDirection of flow

oThrombus

Doppler samples are taken at the longitudinal

aspect of the:

oVein exiting the splenic hilum
oNear the SMV confluence posterior to the body of the

iancreas




Abdominal and Pelvic Vein Technique

Inferior Vena Cava-

Part of a liver Doppler exam to R/O abnormalities:
oDisturbance of flow

oThrombus

oDoppler samples are taken at the longitudinal
aspect of the:

olntrahepatic IVC




Abdominal and Pelvic Vein Technique

Liver Doppler Exam:

olncludes evaluation of the following vessels:
oPortal veins
oHepatic veins
oSplenic vein
olnferior Vena Cava
oHepatic artery
olmaged in its longitudinal axis near the porta hepatis




Abdominal and Pelvic Vein Technique

Renal veins - T

UWMC VASCULAR C5-1/Abd Renal

oCarries blood from the ..
kidneys into the IVC sk :

oMinimally phasic, : . 1oy
bidirectional, or pulsatile

signal may be
demonstrated

oEvaluated as part of a renal

Doppler exam
; Right Renal Vein




Abnormalities of the
Venous System




Thrombosis

Intraluminal thrombi frequently begins at:
oValve cusps

oln soleal sinuses

oSecondary to stagnation

Thrombi resulting from trauma can occur at

any site




Acute Thrombosis

Refers to approximately the first 14 days after
thrombus forms

oThe vein wall is inflamed
oThrombus is loosely attached

Thrombus within the venous system is hypoechoic
during the first few days after its formation but becomes
more echogenic with time




Acute Thrombosis

Recently formed thrombus has low-level echoes and may
be virtually anechoic
Small thrombi may be difficult to visualize (hypoechoic)
As thrombus ages during the acute phase, echogenicity
Increases
olntensity of the echoes is still low and is less than the
surrounding muscle
Blood flow persists in veins thatare incompletely filled

T




Acute Thrombosis

Most lower extremity DVT's startin the deep veins of
the calf

oCan originate anywhere in the venous system
oSoleal Sinuses - mostcommon site

oProgress into the Popliteal and Femoral veins

oAt this pointitis necessary to anti-coagulate the
patient to preventthe risk of Pulmonary Emboli (PE)




Acute Thrombosis

Recently thrombosed veins are generally distended to
an abnormally large size
oNormally larger than adjacent artery
oThe exception:
oWhen the thrombus is small and non-occlusive
olf the vein is scarred and incapable of dilation




Acute Thrombosis - Compressibility

Thrombus of any age:

oThe vein lumen cannotbe obliterated with
compression

Lack of compressibility of the vein is perhaps the single
mostreliable finding for differentiating between
thrombosed and normal veins

Thrombus can be excluded only when compression

causes the vein to disaiiear comileteli




Acute Thrombosis - Compressibility

Lumen may be partially filled with thrombus if the vein
does not completely collapse

Resistance from surrounding muscle may prevent

adequate compression of the vein (normally seen in the distal
thigh, at the adductor canal)

oAttempt compression from another position
oCheck for flow voids in the vein using color Doppler




Acute Thrombosis — Floating Thrombus

Floating thrombus seen at the proximal end of an acute
thrombus
olt represents the mostrecently formed coagulum and may not
attach to the vein wall
Free-floating thrombus is dramatic - depicts the potential for
embolization to the pulmonary circulation
Do notdislodge floating thrombus by unnecessary manipulation
oYou may need to discontinue compressions and augmentations
Patient should be kept on the litter and not allowed to walk




Acute Thromb051s
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Acute DVT with RIGHT CFV
_Floating Thrombus




Acute Thrombosis — Doppler Signals

Doppler signals will be abnormal:

olf flow is notspontaneous in the CFV, SFV, and/or
popliteal veins, there may be an obstruction (DVT or
extrinsic compression) distally

oSpontaneous flow is notexpected in the tibial vessels,
where flow is normally reduced

olf flow is continuous instead of phasic in the CFV, SFV,
and/or popliteal veins, the obstruction may be more

iroximal in location




Acute Thrombosis — Doppler Signals

Doppler signals will be abnormal (continued):

olf there is no demonstrable augmentation with distal
compression, then the obstruction may be located
between the level of augmentation and where the
transducer is located

olf there is no augmentation with proximal release, then
the obstruction is more proximal in location

olf flow increases during proximal compression, there

mai be venous reflux




Acute Thrombosis

Color flow imaging may demonstrate only partial
filling or absence of color in the vessel
Thrombus is usually poorly attached to the wall
Thrombus appears spongy
Rouleau flow, represents very sluggish flow - may

indicate proximal issues
ohttps://www.youtube.com/watch?v=IG/QQu-Ee ¢



https://www.youtube.com/watch?v=IG7QQu-Ee_c

Chronic Thrombosis

Normally refers to thrombus 6 months after the
acute episode

Thrombus has been invaded by fibroblastand in the
process of becoming organized as fibrous tissue
that will persistindefinitely

Wall thickening is common, leaving the vein size
reduced in caliber




Chronic Thrombosis — Echogenicity

Chronic thrombosis produces focal plaque-like
areas along the vessel wall

oCan projectinto the lumen

oAre increased in echogenicity

oCalcifications may be visible with shadowing
Web-like synechiae may be present from venous

scarring
oAttached only along one side of the vein




Chronic Thrombosis - Recanalization

Recanalization may occur to different degrees:
cThrombus around its entire circumference

cRecanalization occurs in the center of the vessel
oThrombus attached only along one side

oLlumen is more readily re-established

oThrombus is converted to fibrous tissue only along
the side where the thrombus adheres




Chronic Thrombosis — Valve Abnormality

Valve damage is a frequent outcome of chronic DVT
The valve cusps thicken and adhere to the vessel
wall, restricting movement
oThis prevents the valves from meeting in the center
of the vessel
Valve damage will resultin:

oReflux
oPersistent venous stasis




Chronic Thrombosis — Valve Reflux

s evident on:

oColor Doppler (will see one color traveling cephalad
and then itreverses flow to travel caudal)

oAudible Doppler

oSpectral Doppler (will see spectral waveform below the
baseline, then it will be above the baseline)

s very evident with augmentation

Reflux may resultin varicosities, chronic edema, skin
thickening, discoloration and ulcerations




Chronic Thrombosis — Doppler Signal

Lack of spontaneous flow

Lack of phasicity
Absence of the Valsalva response

Subnormal or absentaugmentation




Pulmonary Embolism

Detached intravascular solid, liquid, or gaseous
mass that travels from the systemic circulation into
the pulmonary circulation

A“PE"” can be a complete or partial obstruction of
the pulmonary circulation

DVT is a serious and potentially lethal disorder




Chronic Venous Insufficiency

Valve leaflets are immobile and fixed to the vein wall
olncompetence of the system results

oReflux occurs when standing

In some patients the thrombosed veins do not
recanalize resulting in chronic obstruction to venous
return

Venous hypertension occurs regardless of whether
the cause is proximal obstruction, reflux, or both




Chronic Venous Insufficiency

s caused by venous obstruction and/or venous
reflux with resulting dilation of the capillaries with

an increased leakage of plasma, plasma protein and
RBC

Oxygen transportis impaired with eventual hypoxia,
ischemia, fat necrosis, skin pigmentation and
ulceration




Chronic Venous Insufficiency

o Presents clinically:
oChronic leg swelling
oAnkle pigmentation
or discoloration
oAnkle ulceration in
the “gaiter zone”




Chronic Venous Insufficiency

If reflux is visualized on spectral Doppler thatis
<0.5 seconds, this is considered to be normal valve
closure time

True reflux is >0.5 (superficial system) or >1
second (deep system) depending on the location
Color flow imaging will demonstrate a directional
shiftin color flow during compression




Miscellaneous Findings in the Extremities

Edema - excessive fluid in the body tissues

Lymph nodes - bright central sinus echo with
hypoechoic outer cortex

Baker's cyst - cystic structure located in the
popliteal fossa, comprised of synovial fluid and may
cause pain and/or swelling




Miscellaneous Findings in the Extremities
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Incompetent Perforating Veins

Associated with reflux in the
superficial venous system

Perforator measures >3.5mm,
reflux is typically found

Patient with stasis changes at
the ankle (skin discoloration,
ulceration, etc), the incompetent
perforator lie posterior to the
affected skin area




Miscellaneous Findings in the Abdomen

IVC Filter
oOften found below the level of the renal veins
Portal hypertension

olncreased resistance to flow results in retrograde
(hepatofugal) flow within the portal system
Budd-Chiari syndrome

oHepatic vein occlusion




