
© Cardiovascular Diagnosis and Therapy. All rights reserved. Cardiovasc Diagn Ther 2016;6(6):533-543cdt.amegroups.com

Introduction

Venous return from the lower extremity to the heart must 
overcome gravitational forces in the upright position. 
In order to counter this gravitational force, biological 
adaptations such as muscle pump and venous valves and 
supportive fascial structure have evolved. However, over 
time, these can fail and lead to venous incompetence, a 
common problem affecting at least 25% of women and 
15% of men (1,2). Several treatment options including 
endovenous techniques and surgery are available for 
the venous reflux. These treatment options are largely 
palliative, and recurrence is common. However, imaging 
plays a central role in the evaluation of reflux, treatment 
selection, and monitoring for recurrence. This article 
reviews the current understanding of lower extremity reflux 
and highlights the role of imaging in its management.

Venous anatomy 

The venous system can be divided into three major 
components: the superficial venous system, the deep venous 
system, and the perforating veins.

The superficial venous system

The superficial venous system has two parts: the thin-walled 
collecting veins and the thick-walled truncal veins such as 
Great and Short Saphenous veins. The great saphenous 
vein (GSV) is a continuation of the dorsal venous arch in 
the foot. It travels anterior to the medial malleolus and 
ascends in the superficial fascia along the medial aspect of 
the lower extremity and drains into the deep system via 
the saphenofemoral junction (SFJ) (3-5). Near the SFJ, 
three major tributaries drain into the GSV—the external 
pudendal, inferior epigastric, and external circumflex iliac 
veins (Figure 1). The GSV can be congenitally duplicated in 
approximately 1% of cases (6).

The short saphenous vein (SSV) is the other major 
truncal superficial vein, which begins on the lateral aspect 
of the foot. It travels posterior to the lateral malleolus 
and ascends along the posterior midline superficial to 
the deep muscular fascia. In approximately two-thirds of 
patients, the SSV terminates at popliteal fossa by forming 
the saphenopopliteal junction (SPJ). In the remaining one-
third of patients, its course is variable: it may drain into 
a posterior medial tributary of the GSV, directly into the 
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GSV as the thigh extension of the SSV, or into a perforator 
(Figure 1) (7,8). A standard SPJ may co-exist in many of 
these cases. The mid-portion of the SSV may be duplicated 
in as many 4% of individuals (9).

The great saphenous vein courses in a deep plane of 
the hypodermis just outside the muscular fascia, covered 
by a connective tissue lamina extending from the inguinal 
ligament to the ankle. This fascia has been termed the 
“saphenous fascia” (4,10). A similar fascial covering has been 
described in relation with the short saphenous vein (9). This 
fascial tissue has been implicated in providing the muscular 
squeeze during muscle contraction to enhance blood flow 
within them (10). The saphenous fascia also restricts venous 
dilation and prevents the development of varicose veins (11).

The deep veins of the lower extremity

The veins of the deep venous system include the plantar 
vein (foot), the paired peroneal and anterior and posterior 
tibial veins (leg), and the popliteal and femoral veins 
(thigh). Numerous venous sinusoids within the muscles, 

particularly in the soleal and gastrocnemius veins, also form 
an important component of this system. 

Perforating veins (perforators)

Perforators are bridging channels between the superficial 
and deep venous systems (Figure 2). These veins obliquely 
perforate the deep fascia and play an important role in 
equilibrating blood-flow during calf muscle contraction. 
Four clinically important perforator groups have been 
identified: upper thigh (Hunterian), lower thigh (Dodd’s), at 
knee level (Boyd’s) and in the calf region (Cockett’s). 

Hemodynamics affecting venous circulation

The uphill task

Gravity/hydrostatic pressure
The venous flow towards the heart at rest is provided mainly 
by resting heart energy beyond the capillaries, i.e., vis a tergo 
(force acting from behind). The pressure difference between 
venules and right atrium is approximately 15 mmHg.  

Figure 1 Anatomy of GSV and SSV with common variants of SSV. GSV, great saphenous vein; SSV, short saphenous vein.
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While this pressure gradient can sustain venous return 
to the heart in the supine position, it is not sufficient to 
counter gravity when upright. Hydrostatic pressure at the 
right atrium is conventionally defined as 0 mmHg. Inferior 
to this point, the hydrostatic pressure rises by approximately 
0.73 mmHg per centimeter in upright position, totalling 
approximately 90 mmHg at the level of the ankle. This 
pressure is then transmitted equally across the walls of the 
deep and superficial veins (10,12).

Intra-abdominal pressure
Increased intra-abdominal pressure during physical activity 
gets transmitted into the venous system, and values as high 
as 200 mmHg have been reported (10).

Venous compression
Another important contributing factor to lower extremity 
venous hypertension is extrinsic venous compression. 
Iliac vein compression is commonly encountered as an 
incidental finding on cross-sectional imaging. While this 
can be an important contributing factor to venous stasis, 
greater than 50% compression has been seen in up to 25% 
of asymptomatic individuals (13,14). The most common of 
these syndromes is left iliac vein compression by the right 
iliac artery, known as May-Thurner syndrome (MTS). 

Other variants exist, such as compression of right iliac vein 
by the right iliac artery or compression of the left iliac vein 
by the left iliac artery. All these variants can contribute 
to stasis and endothelial injury from adjacent pulsation 
microtrauma leading to deep venous thrombosis in the 
extremities, which can lead to venous scarring and further 
chronic venous insufficiency in the long term (15,16). 

Venous hemodynamics in lower extremity

Venous return in the lower extremity involves a complex 
interplay of the calf muscle pump, venous valves, and 
perforating veins.

Pressure provided by calf muscle squeeze is the primary 
force for venous return against gravity from the lower 
extremity in an upright position. It works in both vertical 
and horizontal directions—across the central and perforating 
veins—and generates an ambulatory pressure gradient across 
the knee. Calf muscle contraction elevates the pressure of the 
deep venous compartment of leg to approximately 140 mmHg, 
propelling venous blood into the popliteal and femoral veins 
(10,12). During muscle relaxation, the pressure gradient is 
reversed and causes physiological reflux, lasting approximately 
200 to 300 milliseconds in veins with competent valves.

Venous valves play a crucial role in preventing pathologic 
reflux and maintaining net vertically directed flow by 
preventing reflux. The valves also divide the hydrostatic 
column of blood into segments and prevent the full pressure 
of the fluid column from exerting force on the distal 
veins (17,18). Valves are most densely distributed in the 
infrapopliteal segment which implies their critical functional 
importance in this area. Venous valves are also present in 
the femoro-popliteal segment, at the common femoral vein 
(CFV) near the inguinal ligament, superficial femoral vein 
(SFV) just distal to the deep femoral vein (DFV) tributary, 
and in the popliteal vein (PV) near the adductor hiatus (19).  
Hydrostatic pressure can be significantly improved by 
the correction of femoral or popliteal vein incompetence; 
however, the relative importance of proximal versus distal 
valves has not been established (20).

Previously, perforating veins were thought to have a 
unidirectional centripetal flow in healthy people. However, 
the veins were later found to have physiologic bi-directional 
flow, with both centripetal and centrifugal components, 
depending on the phase of calf muscle pump activity (20-22).  
As a result, “reflux” in the perforating veins is no longer 
considered a cause of venous hypertension, since it has been 
documented in healthy subjects by duplex ultrasonography (21)  

Figure 2 Four common groups of perforators.
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and in varicose vein patients by electromagnetic flow 
measurements (20). The pressure curves of the two vessels 
are nearly identical in healthy people and patients with 
varicose veins (23-25).

However, when reflux is present, such as from an 
incompetent GSV, blood re-enters the deep system through 
perforating veins. The perforating veins upstream to 
incompetent segment may dilate secondarily because of the 
volume overload due to re-entry. While these veins may 
meet diagnostic criteria for venous incompetence, these 
perforators can regain their competence after successful 
treatment of an incompetent GSV, indicating that their 
dilation is secondary to reflux rather than the primary cause. 
Similarly, it is through the perforating veins that high deep 
venous pressure is transmitted to superficial veins, causing 
superficial varicosities, stasis dermatitis and venous ulcers.

Lower extremity reflux/incompetence

Pathophysiology

Primary valvular incompetence arises from progressive 
venous remodeling from chronic hemodynamic stress or 
valve agenesis. Secondary incompetence may occur after 
deep venous thrombosis (17). There is evidence suggesting 
that varicose changes precede the development of overt 
valvular incompetence (26,27). Dilated saphenous veins 
undergo valvular remodelling with increased collagen and 
reduced elastin content (26). However, decreased venous 
elasticity has been demonstrated in patients without 
varices but who are at high risk for development of venous 
incompetence (28). Similar connective tissue abnormalities 
have been identified in upper limb veins of patients with 
varicosities (29). These findings suggest that abnormalities 
in venous architecture precede the development of both 
varicosities and valvular reflux (30). 

Secondary valvular insufficiency develops during venous 
recanalization after DVT. Valvular leaflet fusion has 
been demonstrated in 50% of cases with chronic venous 
insufficiency. Other abnormalities contributing to valvular 
incompetence include thrombus in the valve sinus, endothelial 
erosions, and basement membrane thickening (31).  
Despite these pathologic findings, valvular destruction 
is not an inevitable consequence of acute DVT; 33% 
to 59% of thrombosed segments show reflux on duplex 
ultrasonography on 1 year follow up (32), implying that up 
to one-third of patients may recover from DVT without 
long-term sequelae.

Imaging

The goal of duplex ultrasonographic imaging in patients with 
venous insufficiency is mapping venous anatomy, identifying 
anatomic variants, and finding the sources of venous 
insufficiency. Duplex ultrasound is the most accurate tool 
for evaluation of venous insufficiency, since it is noninvasive, 
non-ionizing, reproducible, and gives dynamic information. 
Duplex US is indicated for evaluation of patients with 
suspected venous insufficiency who are contemplating 
therapy and for monitoring response after therapy (33,34). 

Equipment requirements include a probe capable of 
grayscale imaging at 7.5–10 MHz and pulsed-wave Doppler 
imaging. The examination of venous incompetence should 
preferably be assessed by the interventionalists performing 
corrective procedures, as this facilitates optimal patient and 
treatment selection (7).

Technique

Patients are evaluated in the standing position to ensure 
maximum venous distention. The patient will need to 
be able to support their weight on the opposite leg to 
participate in maneuvers to elicit reflux. 

Slight limb flexion and outward rotation provides optimal 
visualisation of the great saphenous vein. The entire length 
of the GSV is first examined using axial grayscale technique, 
noting the maximal vein diameter (normally <4 mm). Any 
varicose tributaries are then identified and traced distally. 
Next, the SFJ is assessed for reflux. Color or power doppler 
imaging are used in combination with sudden compression 
and release of distal venous segments (35) to identify sites of 
reflux. Since color Doppler imaging often underestimates 
the degree of venous reflux, pulsed-wave doppler imaging is 
preferred while performing compression and release (36). 

For assessment of the short saphenous vein, the knee 
is slightly flexed and the muscles of the thigh are relaxed. 
Using axial grayscale technique, the SSV is serially 
examined from the calf upwards until its termination at the 
SPJ, again noting the maximal diameter, and assessing for 
venous competence of the SPJ. A thigh extension of the SSV 
is also assessed for reflux if present. Comprehensive deep 
venous evaluation must also be performed for detection 
of DVT and reflux. Chronic DVT findings may be subtle 
and manifest as webs, focal wall thickening, or calcification. 
Persistent or repeated venous obstructions can contribute 
to venous hypertension. Perforating veins in the thigh and 
the leg are lastly examined in transverse and oblique planes 
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to identify the longitudinal axis of perforator.

Identification of incompetent segment

The normal limit of the calibre of GSV and SSV in upright 
position is 4 and 3 mm respectively (7). Sudden caliber change 
of the vessels is an important marker of regurgitant flow 
within that segment, as incompetent veins are dilated and 
tortuous. The diameter often changes abruptly at the level 
of the incompetent valves in the superficial system (e.g., SFJ)  
or at the level of perforating veins communicating with 
an incompetent deep venous segment. There are several 
common tributaries in the thigh region that can contribute 
to GSV reflux, including antero-lateral and the posterior-
medial tributaries in the thigh region. Pudendal veins can 
also contribute to GSV reflux in pregnant women.

Imaging criteria for reflux

While reflux can be evaluated using both color or pulsed-
wave Doppler, pulsed-wave is more accurate. A small blip 
of color just after release of compression is physiologic, and 
likely represents a small amount of retrograde flow before 
complete closure of valves. Reflux is generally defined as 
greater than 0.5 seconds of flow reversal (Figure 3) (37). 
There are numerous norms reported in the literature, with 
some investigators reporting a limit of 1 second for the deep 
venous system and 0.3 seconds for perforators (38), and 
others define a 0.5 seconds for perforating veins as well (39). 
Hemodynamically significant perforators are usually located 
central to incompetent venous channels. Perforating veins 
with diameters greater than 3.5 mm can also be taken as a 
sign of significant reflux (40). Pathological perforators are 
a newly described entity of incompetent perforating veins 

near venous ulcers that do not normalize after successful 
treatment of other pathways of reflux with the use of 
compression stockings (41).

Duplex ultrasound after treatment

Duplex ultrasound is essential for monitoring of post-
procedural complications and recurrence after endovenous 
ablation. Early post-procedure duplex ultrasound ensures 
satisfactory closure of ablated segments and to identify 
thrombotic complications. Evaluation 1–2 weeks after 
endovenous ablation of a treated segment will reveal smaller 
non-compressible veins with wall thickening and no flow 
(Figure 4). After several weeks, the venous wall undergoes 
fibrosis and become difficult to identify after several months 
(Figure 5). 

Endovenous heat induced thrombosis (EHIT) refers 
to deep venous thrombosis after venous ablation. There 
are four categories, defined largely by the extent of 
thrombus. EHIT 1 describes thrombus up to but not 
inside the deep venous junction. EHIT 2 describes 
thrombosis of the femoral or popliteal vein occluding 
less than 50% of the cross-sectional diameter. EHIT 
3 refers to greater than 50% occlusion of the cross-
sectional diameter. EHIT 4 is complete occlusion (42).  
A rare complication after thermal ablation is formation 
of an arteriovenous fistula (43). AVFs can lead to partial 
patency of ablated segments with pulsatile flow on duplex 
ultrasound. AVFs between the proximal SSV and the sural 
artery or between the superficial external epigastric artery 
and proximal GSV have been described (44,45).

Recurrence is a common problem after endovenous 
therapy as recanalization of a treated segment or 
recruitment of minor communicating channels occurs 

Figure 3 Spectral Doppler evaluation shows persistent retrograde flow beyond 0.5 second in the great saphenous vein suggestive of venous 
reflux. Retrograde flow can be seen up-to 3 seconds in (A) and 4 seconds in (B). 

A B
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Figure 4 Early post-procedural evaluation with grey scale (A-C) and duplex (D) evaluation shows a non-compressible GSV with thickened 
walls and absent flow. GSV, great saphenous vein.

C

A

D

B

Figure 5 GSV on follow up months after ablation showing no evidence of interval recanalization. GSV, great saphenous vein.

(46,47). Duplicated veins and enlarged refluxing truncal 
tributaries can also result in recurrent symptoms. During 
duplex evaluation, the remnants of the GSV (Figure 6)  
must be scrutinized in patients who have had SFJ ligation 
with or without stripping. It may reveal collateral 
reconstitution and neovascularization at the refluxing 
saphenous vein stump.

Limitations of ultrasound

Obesity can be a limiting factor for duplex exam, especially 
while evaluating deep venous system. It is also important to 
note that open draining ulcers, severe edema with or without 
pain can also limit the sonographic window and hence limit 
the evaluation of reflux. As evaluation in an erect posture 
is very crucial for eliciting reflux, an inability to stand for a 
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Table 1 MRV protocol

Sequence TR TE Flip angle FOV (mm) Matrix Slice thickness/interval Fat saturation

TOF axial pelvis 509 7.9 60 261×380 320×132 3/3 Yes

Coronal T1W GRE pre contrast & post contrast arterial and venous phases (3 stations1) Yes

Abdomen 3.05 1.01 25 375×500 384×202 1.4/1.4

Thigh 3.03 0.99 22 500×500 384×269 1.6/1.6

Calf 3.31 1.07 25 453×500 448×244 1.6/1.6

1, subtraction images are generated by the post-processing of pre and post contrast arterial phase images and displayed as coronal MIP 
images. 

Figure 6 A short residual GSV stump (A,B) is frequently seen after endovenous ablation. In patients with recurrent reflux duplex evaluation 
of the residual stump may show persistent reflux or recruitment of new tributaries. GSV, great saphenous vein.

A B C

good length of time can result in suboptimal evaluation (48).

MR venography

MR venography can be used for detection of deep venous 
thrombosis (DVT) in the lower extremity (49,50). Contrast 
enhanced 3D T1 weighted MR venography, specially 
using gadolinium-based blood-pool contrast agent (e.g., 
Gadofosveset) can provide good vessel visualization, signal 
homogeneity, and confidence level for detecting DVT (51).  
There is limited experience with the use of 3D MR 
venography in lower extremity varicose veins. However a 
study by Müller et al. using direct contrast-enhanced 3D MR 
venography (injection directly into foot vein), showed that 
MR venography can have a significant impact on therapeutic 
decision making in patients suspected of having complex 
varicose vein anatomy (52). This group reported a good 
or excellent image quality of the deep venous system and 

the recurrent varicose veins (including small perforators) 
in 89% of evaluated segments with a good inter-observer 
agreement. They reported that MR venography resulted 
in change in diagnosis of in 17 of 22 legs and resulted in 
change in treatment plan in these patients (52). A typical MR 
venography protocol for lower extremity, practiced at our 
institution has been described in Table 1.

Non contrast angiographic technique including TOF 
MRI has also been used in lower extremity venous imaging. 
Tamura et al used 2D TOF MRI on a 1.5 T system for 
the evaluation of deep venous thrombosis and reported a 
sensitivity of superior to conventional venography (53). 
There is no literature available with the use of TOF MRI 
for the detection of lower extremity venous reflux. 

Ovarian venous reflux/pelvic congestion syndrome 
has a pathophysiology similar to lower extremity reflux. 
Incompetence of the ovarian veins leads to retrograde venous 
flow and progressive development of pelvic varicosities. 
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Figure 7 Axial TOF image at the level of mid-abdomen. On this 
acquisition cephalad flow results in flow related enhancement. 
Inferior vena cava (long black arrow), Superior mesenteric vein 
(short black arrow) and inferior mesenteric vein (short white arrow) 
show bright signal because of cephalad flow. Similarly normal 
cephalad flow in left gonadal vein (long white arrow) results in 
bright signal. TOF, time of flight sequence.

Figure 8 Pelvic congestion syndrome: axial contrast enhanced venous phase image (A) shows a dilated left gonadal vein, which is not 
showing flow related enhancement on axial TOF image (B). These findings suggest presence of retrograde flow/reflux within the left 
gonadal vein. It is further confirmed on arterial phase angiogram (C), which shows enhancement within the left gonadal vein before iliac 
veins; likely due to reflux from left renal vein on this coronal maximum intensity projection image. TOF, time of flight sequence.

A

B

C

Ovarian venous reflux has been studied with TOF MRI 
(Figures 7,8) (54,55). Yang et al. compared the accuracy of TOF 
MRI and conventional venography for detection and grading 
of pelvic congestion. They reported comparable detection 
sensitivity and an excellent agreement between the two 
modalities for the grading of reflux (54). These results suggest 
that MR may have a role for the detection of lower extremity 
reflux as these two entities share a similar pathophysiology. 
Further work is needed to explore such a possibility. 

Other imaging modalities

Conventional venography has been considered the gold 
standard for venous imaging, particularly for the diagnosis 
of DVT and venous stenosis (56). The venography of the 
lower extremity veins has also been used for observing 
of post-thrombotic changes in deep veins, detection of 
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Figure 9 May-Thurner syndrome. Flow reversal in left internal iliac vein on axial TOF image (A), >50% compression of the lumen of the 
left common iliac vein by the right common iliac artery (B). Non-opacification of the internal iliac vein on TOF images can be mistaken 
for presence of thrombosis and should always be correlated with MRV images [for example here in (C), the left internal iliac vein is vein is 
patent]. (D,E) (Axial) and F (coronal) MRV images demonstrate multiple pelvic varicosities. TOF, time of flight sequence; MRV, magnetic 
resonance venography.

A B C

D E F

venous malformations and preoperative imaging for 
saphenous venous stripping (57). However, this procedure 
is invasive, time-consuming, and necessitates the use of 
ionizing radiation and iodinated contrast material (58). In 
patients with secondary venous incompetence, conventional 
venography can identify the presence of obstructive 
pathology (such as May-Thurner Syndrome; Figure 9). 
However CT and MR examinations are preferred for 
this purpose as conventional venogram cannot provide 
additional information as to the nature of the obstruction, 
which is important for treatment planning (59). It is seldom 
used for purely diagnostic purposes e.g., in evaluation 
of complex venous anatomy and detection of occult 
perforators. It is more often used in cases where an acute 
venous thrombosis is suspected or in cases with venous 
stenosis requiring angioplasty or stenting (59). 

CT venography has also been used for the evaluation 
of venous incompetence. Lee et al reported a sufficient 
image quality for evaluation of varicose veins with 
comprehensive anatomic information (60). Volume 
rendered three-dimensional images generated by CT 
venography can provide road map for surgical planning. 

However, CT venography has several disadvantages 
compared to duplex sonography, such as the need for 
iodinated contrast and ionizing radiation. Another 
important drawback of CT venography is the lack of 
functional information and inability to assess venous 
valve function (60). 

Conclusions and summary 

Venous reflux in the lower extremities is a manifestation of 
a degenerative process in the venous wall and supporting 
fascial structures, which progressively dilate over time 
after exposure to high physiological pressures. Veins dilate, 
develop incomplete valvular leaflet closure, and enter into 
a positive feedback loop where further dilation causes 
further reflux. Patients become symptomatic mostly from 
superficial venous hypertension, as the superficial veins lack 
muscular support. Duplex ultrasonography is the diagnostic 
modality of choice for baseline evaluation and monitoring 
response after therapy. A standardized and systematic 
evaluation is essential for the identification of the source of 
reflux and selection of optimal therapy.
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