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Abstract: Duplex ultrasonography is the ideal modality to assess great saphenous vein 

insufficiency. Duplex ultrasonography incorporates both gray scale images to delineate anatomy 

and color-Doppler imaging that visualizes the flow of blood in a structure. Assessment of great 

saphenous vein requires definition of the anatomy, augmentation of flow, evaluation for both 

superficial and deep vein thrombosis, and determining the presence of reflux. Currently, evolution 

in the treatment of reflux also relies on ultrasound for the treatment of the disease. Understanding 

the utilization of the ultrasound for the diagnosis and treatment of greater saphenous vein reflux 

is important for practitioners treating reflux disease.
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Introduction
Venous insufficiency is a highly prevalent, but often unrecognized, substantial source 

of morbidity in Western society. Venous insufficiency is the inability for veins to 

transport blood from the lower extremities back to the heart. Venous insufficiency can 

arise from obstruction, such as in the case of deep vein thrombosis (DVT) or valvular 

incompetence as in saphenous reflux or postthrombotic syndrome. One sequelae of 

venous insufficiency is varicose veins. Estimates of the prevalence of varicose veins 

range from 2% to 56% in men and ,1% to 73% in women. The wide variation in 

prevalence could be explained by multiple factors including different practices for 

screening and diagnosis as well as inherent differences in patient populations.1 Each 

year in the United States over 20,000 patients are diagnosed with new venous ulcers.2 

The cost for the care of patients with chronic venous disease is estimated to be between 

$150 million and $1 billion each year.3

Duplex ultrasound allows simultaneous evaluation of both anatomy and physiology. 

Ultrasound is essential in all phases of management of patients with chronic venous 

insufficiency – preoperative evaluation, intraoperative performance catheter-based 

procedures, and postoperative evaluation. Furthermore, duplex ultrasound is cost-

effective and safe for the patient. Components essential to the evaluation of chronic 

venous insufficiency with ultrasound are visualization of the anatomy, compressibility, 

provocative maneuvers to assess reflux, and augmentation of flow.4

Diagnosis
An understanding of lower extremity venous anatomy and its common variations is 

essential for the performance of duplex ultrasound, interpretation of the images, decision 
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for surgery, and ultimately, the execution of radiofrequency 

ablation. In recent years, the nomenclature of the lower extrem-

ity venous system has been modified to eliminate confusion. 

The principle veins of the deep system are the tibial veins, 

which form a confluence and become the popliteal vein. The 

popliteal vein is adjacent to the popliteal artery and becomes 

the femoral vein as it crosses Hunter’s canal in the adductor 

magnus muscle. The femoral vein was formerly referred to 

as the superficial femoral vein because it lies adjacent to the 

superficial femoral artery. This terminology has been changed 

to eliminate confusion; the femoral vein is a deep vein. The 

principle veins of the superficial system are the great saphen-

ous vein (GSV), formerly known as either the greater or long 

saphenous vein, and the small saphenous vein (SSV), formerly 

known as the short, smaller, or lesser saphenous vein.5 The 

GSV arises from the veins of the foot and courses anterior to 

the medial malleolus and along the medial aspect of the lower 

leg and along the medial aspect of the thigh. The GSV joins 

with the common femoral vein (CFV) of the deep system at 

the saphenofemoral junction (SFJ) in the groin. The GSV 

is located between the superficial fascia and the deep fascia 

of the leg. Its location between these fascial layers gives the 

GSV the appearance of “Cleopatra’s Eye” (Figure 1). The 

SSV originates on the posterior leg and is likewise located 

between the superficial and deep fascia of the leg. It is located 

between the two heads of the gastrocnemius muscle and enters 

the popliteal vein at the saphenopopliteal junction.

Venous anatomy has more variation than arterial anatomy. 

When treating symptomatic venous disease, it is important to 

understand the common variants of venous anatomy. There 

are two clinically relevant, common anatomic variants, the 

intersaphenous vein and the anterior accessory saphenous 

vein. The intersaphenous vein, formerly known as the vein 

of Giacomini, is a communicating branch that connects the 

SSV to the GSV. The anterior accessory saphenous vein 

runs along the anterior surface of the thigh. Like the GSV, 

it lies between a superficial fascial layer and the deep fascia 

on the anterior surface of the thigh muscles. It joins the deep 

system at the SFJ.

The superficial system communicates with the deep sys-

tem at multiple points in the leg and thigh. It is estimated that 

these veins can number up to 150 and are of varying location, 

length, and importance. These were formerly known by their 

eponyms: the perforating vein of Dodd, Boyd, and Cockett. In 

the present nomenclature, they are named by their anatomic 

locations. There are four groups of perforating veins that are 

more consistently present and are of clinical significance 

when evaluating patients with venous insufficiency. These 

are the inguinal perforators connecting the GSV with the 

femoral vein in the thigh, the perforators of the femoral canal 

connecting the GSV to the femoral vein in the distal thigh 

(Figure 2), the paratibial perforators connecting the GSV 

with the posterior tibial veins in the proximal lower leg and 

the posterior tibial perforators connecting the GSV with the 

posterior tibial veins in the lower medial aspect of the lower 

leg.6 These veins when incompetent can transmit the high 

pressures of the deep system to the superficial system causing 

Figure 1 Gray scale image of the great saphenous vein (GSV) in the thigh. 
Notes: The GSV is identified by its location between the superficial (short arrow) and 
deep (long arrow) fascia. This appearance has been referred to as “Cleopatra’s Eye.”

Figure 2 Perforating vein with reflux. 
Notes: Color-Doppler is used to identify the great saphenous vein (GSV) in its 
fascial sheath (long arrow). A 4.2mm perforating vein (short arrow) communicates 
with the GSV. Reflux is determined by compressing and rapidly releasing the distal 
leg (green arrow) and duration of reversal of flow is identified and measured (x) at 
the beginning of flow reversal. In this case, flow is reversed for 4.5 seconds.
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or exacerbating varicosities of the superficial system. Incom-

petence of the perforating veins allows direct transmission of 

the elevated pressures generated by the calf muscle pump to 

the superficial system. Perforating veins larger than 3.5 mm 

should be noted and considered significant during the ultra-

sound evaluation for chronic venous insufficiency.4

The second component of the ultrasound evaluation 

for venous insufficiency is assessment of compressibility. 

 Compressibility is assessed in both the deep and superfi-

cial systems. Compressibility is an accurate and reliable 

assessment for venous thrombus. A normal vein should 

be completely compressible when imaged in the transverse 

plane (Figure 3). Acute thrombus is manifested by an 

enlarged, noncompressible vein, whereas veins with chronic 

thrombus tend to be smaller in caliber and have echogenic 

walls reflective of the fibrous changes that occur with 

the maturation of thrombus.7 Presently, the only absolute 

contraindication for radiofrequency ablation of the GSV is 

thrombus in the segment of vein to be ablated. This contrain-

dication reflects the risk of pulmonary embolism associated 

with passing the catheter past the thrombus.

The third component of the ultrasound evaluation 

for venous insuff iciency is the assessment of reflux. 

Ultrasonography is the standard for assessing venous reflux 

in GSV and SSV as well as accessory saphenous veins: 41% 

of people have anterolateral saphenous vein, 95% of people 

have a posterior thigh extension of the SSV,8 and 70.4% of 

people have an intersaphenous vein.9 The superficial veins, 

the deep veins, perforator veins, and all variant branches need 

to be evaluated with color-Doppler ultrasound for a complete 

evaluation.9,10 Patient positioning is an important consider-

ation for the evaluation of venous reflux. It is apparent that 

the supine position is optimal to define venous anatomy and 

assess for compressibility. However, there is little consen-

sus concerning the optimal patient position to assess reflux. 

Recommendations for patient positioning range from 10° 

of reverse-Trendelenburg tilt to having the patient stand-

ing erect. Although there is little consensus, venous reflux 

has been consistently demonstrated in this array of patient 

positions.11 Often, patients with venous insufficiency have 

difficulty standing for the duration of time required to per-

form the reflux component of the examination. Additionally, 

the standing position makes the examination more technically 

challenging for the sonographer. Our practice is to position 

the patient in 20° of reverse-Trendelenburg tilt.

After the patient is positioned, a provocative maneuver 

is performed to demonstrate the reversal of flow in the vein 

studied. For veins of the proximal thigh, a Valsalva maneuver 

is used to evoke reflux. For the more distal veins, the leg 

distal to the segment of vein being interrogated is rapidly 

compressed and released. Compression can be accomplished 

with either a blood pressure cuff, or as in our laboratory, by 

manual compression. Reflux is manifest by a rapid antegrade 

flow coincidental with compression followed by retrograde 

flow upon release of pressure (Figure 4). Pathologic reflux 

is defined by reversal of flow greater than 500 milliseconds 

in duration.12 Some authors suggest that the threshold for 

identification of reflux in the deep system should be increased 

to 1 second in duration.4 It is not uncommon for patients 

with symptomatic GSV insufficiency to have reflux several 

seconds in duration.

The final component of the ultrasound evaluation for 

venous insufficiency is assessment of augmentation of flow. 

Figure 3 Gray scale images of deep vein thrombus.
Notes: The normal left common femoral vein (CFV, arrows) is visualized at the 
saphenofemoral junction. The vein can be completely compressed (W/COMP, panel A). 
When deep vein thrombus is present the CFV can not be compressed (NON COMP, 
panel B). Thrombus is seen in the right. CFV cannot be compressed due to the presence 
of thrombus. Transverse images demonstrate the thrombus extending to the (panel C).
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Augmentation of flow is detected with color-Doppler evalu-

ation for venous insufficiency. Intrathoracic pressure varies 

throughout the respiratory cycle. In the supine position in a 

patient with normal anatomy and physiology, intrathoracic 

pressure is transmitted to the CFV. When intrathoracic pres-

sure exceeds venous pressure, flow in the CFV is momentarily 

ceased. The result of the cycling intrathoracic pressure is 

phasicity that occurs at the same rate as the respiratory rate 

(Figure 5). There is no valve between the right atrium and the 

vena cava. Thus patients with elevated right heart pressures 

can transmit the elevated right heart pressure to the veins of 

the lower extremity. In cases of patients with elevated right 

heart pressures, such as in heart failure or volume overload, 

phasicity occurs at a much shorter interval. The popliteal vein 

studied in Figure 5, panel B, had a phasicity of approximately 

one cycle per second. This correlated with the observed heart 

rate of approximately 60 beats/min. Lack of respiratory varia-

tion in flow and waveform patterns at rest and during flow 

augmentation in the CFV suggest proximal obstruction.

Treatment and the role  
of ultrasonography
Treatment for varicose veins after failing medical treatment 

has evolved over the past decade replacing the open surgi-

cal surgery with minimally invasive catheter-based therapy 

performed under local and tumescent anesthesia. Multiple 

modalities of vein ablation techniques are available and are 

categorized according to the mode of ablation: mechanical, 

chemical, or thermal. Mechanical ablation, surgical ligation 

with or without excision or phlebectomy, has largely been 

replaced by catheter-based chemical and thermal procedures. 

Catheter-based techniques have gained immense popularity 

among both patients and providers. These evolving technolo-

gies offer significant advantages such as a lack of an incision, 

less postoperative pain, less burse, and quicker recovery 

times.13–21 Chemical ablation involves under ultrasound guid-

ance introduction of a catheter into the vessel while under 

Figure 4 Superficial and deep venous reflux.
Notes: Reflux is measured while imaging the vein in the transverse orientation. 
The proximal end of the vein is on the left side of the image. in the examination of 
the great saphenous vein, the vein is imaged in the transverse section with color-
Doppler ultrasound. The distal calf is rapidly compressed and released. The duration 
of flow reversal is measured beginning at the reversal of flow (panel A). Reflux in the 
deep system is assessed in a similar manner, except the patient is asked to perform 
a Valsalva maneuver to provoke reflux (panel B).

Figure 5 Venous phasicity.
Notes: in an euvolemic patient, normal intrathoracic pressure changes associated 
with respiration are transmitted to the femoral vein. Panel A demonstrates a 
5-second-long period of phasicity, which correlates with the normal respiratory 
rate of approximately 12 breaths per minute. Patients with elevated right heart 
pressures, often from volume overload or congestive heart failure, transmit the 
pressure from the beating right atrium to the veins of the lower extremity. In panel 
B there is phasicity at approximately one cycle per second correlating with a heart 
rate of 60 beats per minute. Proximal occlusion results in the absence of phasicity.
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vision, introduction of irritant agents into the vein, hence 

causing endothelial damage and ultimately thrombosis of the 

treated vessel.22 Lastly, thermal ablation involves generation 

of heat either with radiofrequency energy or laser light at a 

temperature to denature the proteins that constitute the vein 

wall resulting in the obliteration of the lumen.

The goals of ablation therapy in patients with symptom-

atic venous disease are improvement in symptoms as well as 

appearance. Superficial vein ablation is thought to produce 

beneficial effects by reducing venous volume in the limb 

and thereby the effects of venous hypertension upon the 

cutaneous tissues.23

Treatment of chronic venous reflux is managed accord-

ing to the severity of the disease. With goals to improve 

symptoms of venous hypertension, the lipodermatosclerosis 

and heal ulcers are treated. Conservative medical manage-

ment is recommended initially with leg elevation, exercise, 

and compression therapy.24,25 Persistent symptoms, despite 

maximal medical management is an indication for surgical 

intervention. Ablation therapy is thought to produce beneficial 

effects by reducing venous hypertension and venous volume 

in the limb and thereby the effects of venous hypertension 

upon the cutaneous tissues.23 Thrombus in the segment of 

saphenous vein to be ablated is an absolute contraindica-

tion to endovenous ablation. Relative contraindications to 

ablation include pregnancy, acute superficial or deep venous 

thrombosis, moderate to severe peripheral artery disease, 

advanced generalized systemic disease and joint disease 

that interferes with mobility. These patients might be better 

treated with a GSV ligation or medical therapy (compression 

and elevation) alone.

Ultrasonography is essential for catheter-based thermal 

ablation procedures. First, understanding the components of 

the evaluation previously outlined influences the procedure 

to be performed. It is important to understand what segments 

of vessels have reflux. Preoperative evaluation identifies 

superficial vessels in addition to the GSV that are causing 

reflux such as the anterior accessory saphenous vein, the 

intersaphenous vein, and SSV. The preoperative evaluation 

also informs the practitioner of a large perforator vein that 

has reflux. Correlating the preoperative findings with the 

patient’s symptoms allows the procedure to be optimized 

for the individual patient. Additionally, data from the preop-

erative evaluation will better inform the patient positioning 

(supine, prone, or frog-legged) and the selection of catheters 

used in the procedure.

The ultrasound is utilized in all catheter-based procedures. 

Gray scale ultrasound guidance allows for more efficient 

canalization of the vessel to be treated. The GSV, especially 

in younger patients, can be very reactive and go into vasos-

pasm as cannulation is attempted. Ultrasound guidance 

increases accuracy of cannulation and decreases the number 

of attempts and thus the incidence of procedure-limiting 

vasospasm. Cannulation is best performed with the patient 

in the reverse-Trendelenburg position. After cannulation 

is achieved, tumescent anesthesia is administered in the 

periadventitial space under ultrasound guidance. The tumes-

cent anesthesia will provide anesthesia and decreases the 

heat to the surrounding tissue by absorbing it. In this step 

of the procedure, it behooves the practitioner to be familiar 

with the gray scale appearance of the GSV. To be effective, 

tumescent fluid needs to be instilled within the confines of 

the fascial sheath.

After tumescent fluid is instilled within the fascial sheath, 

the ablation catheter is positioned in the proximal saphenous 

vein. Again, this step requires the operator to be facile with 

the performance and interpretation of ultrasound images 

of the SFJ. Ideally, the tip of the ablation catheter, which 

represents the most proximal aspect of the ablation, should 

be positioned 2 cm distal to the SFJ. If the catheter is closer 

than this, there is a risk of thrombus propagating into the 

deep system, and thus becoming a deep vein thrombus or 

direct thermal injury to the CFV. If the catheter tip is further 

than 2 cm from the SFJ, there is a risk that the ablation will 

be inadequate. These images are best obtained in the trans-

verse plane on gray scale imaging. Finally, color-Doppler 

evaluation is performed at the termination of the procedure 

to confirm that the GSV was successfully ablated and that 

there is no deep vein thrombus.

Complications and postoperative 
surveillance
Some of the complications associated with endovenous vein 

ablation include superficial thrombophlebitis, cutaneous nerve 

injury, and deep venous thrombosis. Rarely, development of 

arteriovenous fistula after treatment of the perforator has also 

been reported.26 Superficial thrombophlebitis is expected and 

treated conservatively; however, with retrograde extension it 

can cause pain and inflammation in remote regions. Sensory 

nerve injury is also reported following ablation of the GSV 

and is usually transient. Small saphenous ablation may be 

associated with sural nerve paresthesia. Injury to the super-

ficial peroneal nerve, although rare, has been reported.

DVT is the most feared complication associated with 

catheter-based saphenous vein ablation. All patients have an 

on-table color-Doppler examination at the time of procedure 
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and a repeat examination 72 hours after the procedure in our 

center for vascular diagnostics. DVT after open varicose vein 

surgery has been attributed to the procedure. After endovenous 

ablation, the implications of thrombus extending up to or into 

the CFV are not the same as for a DVT. Thus, we classify 

thrombus extending to the deep system after endovenous 

ablation as endovenous heat-induced thrombosis (EHIT). It 

is estimated that the incidence of thrombus extending into a 

deep vein after superficial venous thermoablation is ,1%.27,28 

Most venous thrombosis following treatment appear to be 

related to extension of clot from thrombus induced in the 

ablated vein. Direct thermal injury to the deep veins can 

also occur due to catheter malposition. Risk of thrombus 

extension into the femoral vein is associated with a history 

of DVT and GSV diameter .8 mm at the level of the SFJ.29 

Patients identified to have a DVT are treated accordingly. 

Patients with EHIT are further subclassified. EHIT is divided 

into six discrete categories: Level I where the thrombus is 

below superficial epigastric vein; level II: thrombus up to the 

origin of the superficial epigastric vein; level III: thrombus 

up to but not into the CFV; level IV: thrombus bulges into 

the CFV; level V: thrombus extending into the CFV; and level 

VI: thrombus is occlusive of the CFV. In our practice, we 

anticoagulate patients with Level IV, V, and VI EHIT. Patients 

with EHIT have a repeat duplex examination after 14 days 

of anticoagulation. Anticoagulation is discontinued if there 

is thrombus resolution and is continued for 3–6 months if 

there is no thrombus resolution.

Conclusion
The developments in catheter-based venous treatment has 

largely replaced the ligation and stripping open surgery. 

Ultrasound is an essential component for the evaluation and 

management of GSV reflux. It is important for the surgeon 

to be familiar with both the execution and interpretation of 

duplex ultrasonography of the lower extremity.
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