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Abstract. During routine cadaveric dissection for undergraduate medical students, a 
variant of the great saphenous vein (GSV) was revealed. Its peculiarity resides in the 
relationship with the deep aponeurotic fascia in the thigh (i.e. fascia lata). Particu-
larly, the GSV duplicated in two vessels at knee level: a “superficial” vein ran in the 
saphenous compartment (between superficial and deep aponeurotic fasciae), while the 
other deepened below the fascia lata. Given the clinical importance of the GSV and 
its frequent anatomical variations, this case report gave us the cue for reviewing the 
normal anatomy of GSV and for a critical revision of the nomenclature of its anatom-
ical variations. GSV variants can be divided into two main patterns: i) the presence 
of a parallel accessory vein, and ii) vein duplication. The main features to distinguish 
these two variations reside in the caliber of the vein and its position with respect to the 
saphenous compartment. When compared to variants reported in scientific literature, 
our case seemed not to completely fit neither with the definition of a duplicated ves-
sel or of an accessory vein. Remarkably, the presence of GSV variant may have key 
clinical implications. In particular, the relationship with fascial layers could influence 
the development of vein dilation and varicosity. Therefore, the understanding of GSV 
anatomy and its accurate study by ultrasound seem to be essential to support clinical 
and surgical practices relating to the superficial venous drainage of the lower limb.

Keywords:	 great saphenous vein, anatomical variant, fascia lata, duplication, acces-
sory veins.

CASE REPORT

An anatomical variation of the great saphenous vein (GSV) was found in 
the left lower limb of a 108-year-old male cadaver during routine cadaveric 
dissection for undergraduate medical students. The left GSV had a normal 
origin from the dorsal venous arch of the foot, anterior to the medial malleo-
lus and ascending the leg along its anteromedial surface, superficially to the 
crural fascia (Figure 1). 
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At the medial condyle of the tibia, a venous vessel 
was individuated posteromedially to the GSV and origi-
nating from the subcutaneous layer (Figure 2). 

This vessel had the same diameter of the GSV, and 
an anastomosing branch connected the two vessels. After 
the anastomosis, the two veins ascended individually 
and parallelly to each other. The one initially individu-
ated in the leg deepened below the fascia lata; the other 
ran superficially into the saphenous compartment (Fig-
ure 3). The two vessels kept the same diameter as they 
ascended in the thigh region. The right lower limb did 
not present the same variation.

Given the complexity of the examined variation, we 
introduced the following nomenclature for the two veins 
individuated in the thigh:
–	 Superficial GSV (sGSV): the superficial venous ves-

sel which lies in the saphenous compartment of the 
thigh and originates at the medial condyle of the tib-
ia;

–	 Deep GSV (dGSV): the continuation of the GSV in 
the thigh, running underneath the fascia lata.
To expose the dGSV, the fascia lata was opened at 

the knee and partially removed during the dissection. 
In the thigh region, the fascia lata was cut on the mid-
line and medially lifted in order to appreciate its rela-
tionship with the GSVs. At the upper one-third of the 
surface of the thigh, the dGSV pierced the fascia lata 
and joined the superficial vessel to form a single vein 
(Figure 4) which entered the saphenous hiatum, hence 
draining into the femoral vein. Notably, the dGSV 
received perforating veins from the deep veins of the 
limb, while the sGSV presented tributary branches 
from the cutaneous and subcutaneous layers (Figure 3).

Given the clinical importance of this vessel and its 
frequent anatomical variations, this case report gave us 
the cue for reviewing the normal anatomy of GSV and 
for a critical revision of the nomenclature of its anatomi-
cal variations.

Figure 1. Course of great saphenous vein (GSV) in the leg. A. The course of the left GSV in the leg is shown. The GSV is hooked to expose 
its position with respect to the crural fascia. B. The GSV is hooked to expose cutaneous and deep tributaries.
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Figure 2. Origin of the “superficial” great saphenous vein (GSV) and anastomosis with the “deep” GSV. A. The origin of the superficial GSV 
(sGSV) at the level of the medial condyle of the tibia and posteromedially to the deep GSV (dGSV) is shown. B. An anastomosing branch 
connecting the two vessels is exposed. C. Magnification of the sGSV origin and its anastomosis with the dGSV.
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Figure 3. Relationship between the great saphenous veins (GSV) and the fascia lata. A. The GSV initially individuated in the leg deepened 
below the fascia lata (deep GSV – dGSV, yellow arrowhead); the other ran superficially within the saphenous compartment (superficial 
GSV – sGSV, blue arrowhead). B. The fascia lata was cut on the midline and medially lifted in order to expose the dGSV course. C. Mag-
nification of the box in panel A. D. The GSV is hooked to expose deep tributaries joining the dGSV and cutaneous tributaries joining the 
sGSV. 
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Figure 4. Terminal course of the superficial and deep great saphenous veins (GSV) in the thigh. A. The superficial GSV (sGSV) is hooked to 
demonstrate the point where the deep GSV (dGSV, red arrowhead) pierces the fascia lata and joins the superficial GSV (sGSV) to form a single 
vein. B. The fascia lata was cut on the midline and medially lifted in order to expose the dGSV course. C. Magnification of the box in panel A.
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NOMENCLATURE REVIEW

Normal anatomy of the great saphenous vein

The great saphenous vein, also known as long 
saphenous vein, is a large blood vessel responsible for 
most of the superficial venous drainage of the lower 
limb(Caggiati et al. 2002). Its origin can be found super-
ficially at the medial portion of the dorsal region of the 
foot about 2-3 cm to the front of the medial malleolus; 
there, the GSV arises as the continuation of the medial 
marginal vein of the foot and runs within the subcutane-
ous layer above the dorsal fascia of the foot(Becciolini et 
al. 2021). Once it passes the medial malleolus, the great 
saphenous vein proceeds (still subcutaneously) along 
the medial surface of the leg, accompanied by the tibial 
branch of the saphenous nerve(Meissner 2005). Then, 
the GSV continues its course running posteriorly to the 
medial condyle of the femur; here, it receives anastomot-
ic branches from the small saphenous vein before the lat-
ter drains into the popliteal vein(Tuveri et al. 2009).

In the thigh, the GSV proceeds above the fascia lata, 
following the course of the sartorius muscle and collect-
ing vessels of the superficial venous network. The GSV 
runs in the subcutaneous layer throughout the thigh. 
At the femoral triangle (3-4 cm below the inguinal liga-
ment), it perforates the cribriform fascia to join the fem-
oral vein(Souroullas et al. 2017).

Along its course, GSV is typically located within the 
so-called saphenous compartment, which is demarked 
by the superficial and aponeurotic deep fasciae(Chen 
and Prasad 2009). Moreover, it receives multiple tribu-
taries from the deep venous system (i.e. the perforating 
veins), which are crucial in balancing blood flow during 
muscle contraction. Four crucial perforator groups have 
been identified: upper thigh (Hunterian), lower thigh 
(Dodd’s), at knee level (Boyd’s) and in the calf region 
(Cockett’s)(Cina et al. 2005).

Definition of GSV anatomical variations

The GSV may present variations in terms of course, 
relations to the fascia, and possible duplications of the 
vessel(Black 2014; Chen and Prasad 2009; Ricci and 
Cavezzi 2002). Previous literature developed different 
classifications concerning the GSV’s variations(Chen and 
Prasad 2009). In summary, GSV variants could be divid-
ed into two main patterns: i) vein duplication and ii) the 
presence of a parallel accessory vein.

GSV duplication. Specific criteria must be met to 
classify a variation as a duplication. A duplication should 
present as two vessels that lie in the same plane, paral-

lel to the skin and within the saphenous compartment, 
between the superficial fascia and the aponeurotic deep 
fasciae (i.e. crural fascia and the fascia lata, respectively 
in the leg and in the thigh)(Ricci and Caggiati 1999; 
Kumar et al. 2017). Moreover, the two GSVs should have 
similar caliber and should drain a common cutaneous 
territory(Kockaert et al. 2012). The two vessels can fre-
quently present communicating branches and can have a 
complete course along the lower limb. Duplicated vessels 
can join together before draining into the femoral vein 
or, alternatively, can open separately into the femoral 
vein(Chen and Prasad 2009). 

According to Chen and Prasad, duplication inci-
dence is reported in 1% of cases(Chen and Prasad 2009). 
However, literature reports a range from 1% to 20% of 
duplication of the GSV. Kockaert M et al.  indicated that 
authentic duplications of the GSV are less frequent than 
reported in literature, specifically 1.6% to 2%(Kockaert 
et al. 2012). Combining the retrospective duplex ultra-
sound and the prospective duplex ultrasound studies, 
Kockaert et al. indicated that true duplication of the 
GSV occurs in 1.8% of the duplex examinations of the 
GSV. GSV’s duplication is more frequent in male than 
female individuals, is more common unilaterally than 
bilaterally and in the thigh compared to the leg(Corrales 
et al. 2002).

Kumar et al. reported a unique variation of the GSV. 
In the cadaver they studied, the GSV followed its regu-
lar path in the lower two-thirds of the leg(Kumar et al. 
2017); upon reaching the upper one-third of the medial 
aspect of the leg, it bifurcated into a thick anterior and 
a thinner posterior trunk that ascended parallel to each 
other. The two vessels merged together at the upper 
third of the thigh. Given the difference in size and calib-
er, the authors preferred to use the term “bifurcation” 
rather than “duplication”.

Parallel accessory vein. An accessory vein run-
ning in parallel with the GSV is usually smaller in size 
and does not drain the same cutaneous territory as the 
GSV(Cotton 1961; Caggiati 2000; Padavinangadi et al. 
2015). Generally, the accessory vein runs superficially to 
the saphenous compartment. In some cases, the acces-
sory vein can appear large and thick and may enter 
the saphenous compartment by piercing the superficial 
fascia(Chen and Prasad 2009). Schematically, an accesso-
ry vein could present with three most frequent patterns 
in the thigh(Chen and Prasad 2009; Ekin and Kurtul 
Yildiz 2017; Oguzkurt 2012):

i) A large subcutaneous tributary runs superficially 
to the saphenous compartment and pierces the superfi-
cial fascia to join the GSV at a variable level in the thigh.
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ii) Proximally, the GSV lies within saphenous com-
partment and, distally, a large accessory vein is present 
in the subcutaneous layer with no other substantial vein 
visible in the saphenous compartment. The accessory 
vein pierces the saphenous fascia at a variable level in the 
thigh to join the GSV.

iii) An accessory saphenous vein runs together with 
the GSV below the superficial fascia into separate saphe-
nous compartments; the two veins then join and lie 
within a single saphenous compartment before entering 
the saphenofemoral junction. In the latter situation, the 
accessory saphenous vein could be mistaken as a dupli-
cation of the GSV, especially at ultrasound examination.

In summary, in the presence of GSV variations and 
for an accurate classification, attention should be point-
ed at the caliber of the vein and its position with respect 
to superficial (saphenous) fascia(Caggiati 1999; Caggiati 
and Ricci 1997). The GSV runs in a deep position (so-
called “saphenous compartment”) while accessory veins 
are in a superficial plane. Evidenced of this can be 
obtained by ultrasonography or computed tomography, 
and it can be considered a useful interventional and 

diagnostic indicator that can lead to the individuation of 
the saphenous vein from a large parallel accessory vein.

Echo-anatomy of the GSV

Duplex ultrasonography is a widely used tool to 
evaluate the venous system anatomy and determine pos-
sible variations especially in the clinical practice. 

In the proximal thigh, the GSV can be individuated 
thanks to its typical appearance known as the “saphen-
ous eye” or “Egyptian eye” in a transverse scan(Ricci 
and Caggiati 1999). This peculiar depict is due to its 
position within the saphenous compartment, demarked 
by the superficial and the aponeurotic deep fasciae. 

Due to the presence of numerous tributaries, it may 
be difficult to identify the “saphenous eye” at the knee 
level. As a matter of fact, the “tibio-gastrocnemius angle” 
sign has been demonstrated to be a useful tool in the 
detection of the GSV in the knee area within the saphen-
ous compartment(Oguzkurt 2012). The tibio-gastrocne-
mius angle is delimited by the tibia, the medial head of 

Figure 5. Schematic representation of great saphenous vein (GSV) anatomy and its variants. Normal course, accessory vein patterns, and 
duplications are represented and compared to the variant reported in this paper.
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gastrocnemius muscle and the saphenous fascia. Of note, 
the GSV may be absent in this triangle in case of seg-
mental hypoplasia of the GSV or if a segment of the GSV 
is located outside the saphenous compartment(Chen and 
Prasad 2009).

Moreover, another ultrasound marker for the GSV at 
the thigh level was described as the “E-point”(Ricci et al. 
2017). This marker represents a very superficial position 
of the GSV which can be tracked in cross-section start-
ing from the sapheno-femoral junction and optimally 
visualized where it crosses the adductor longus muscle, 
3–5 cm below the junction.

The GSV variants and clinical implications

Varicose veins and valvular reflux. Varicose veins 
are twisted, dilated veins mostly located in the lower 
extremities(Jones and Carek 2008). Nearly 33% of the 
general population aged between 18 and 64 is affected by 
varicose veins(Aslam et al. 2022). 

In the lower limb, the venous returns is sustained by 
three main factors: the muscle pump(Recek 2013; Uhl 
and Gillot 2015), venous valves(Goldman and Fronek 
1989; Moore, Gohel, and Davies 2011), and perforating 
veins(Baliyan et al. 2016). Alterations in vein valves is 
pivotal in determining venous reflux and varicosity. The 
valvular dysfunction is presumed to be caused by a loss 
of elasticity in the vein wall, with incomplete valve clo-
sure and consequent valvular reflux(Clarke et al. 1992; 
Raetz, Wilson, and Collins 2019).

Venous reflux may occur along the course of the 
great saphenous vein. In this condition, the GSV often 
expands and enlarges its diameter: venous dilation 
may be variable based on the reflux entity and loca-
tion along the GSV course(Kim et al. 2020; Thomson 
1979). However, venous reflux and varices in the lower 
limb are not always associated to an incompetent or 
dilated GSV. It has been suggested that the presence of 
a large accessory vein or vein duplication could predis-
pose to varicosity and reflux. Remarkably, the pathoge-
netic mechanisms leading to vein incompetence could 
be enhanced in accessory veins or duplications because 
these anatomical variants could have peculiar histologi-
cal features(Caggiati 2000).

Hence, subjects with anatomical variants of the GSV 
may have a congenital predisposition to varicose vein 
disease based on relationships with fascial components. 
Accordingly, superficial and aponeurotic deep fasciae 
protect GSV within the saphenous compartment; differ-
ently, a parallel accessory vein lacks this fascial sheath, 
thus predisposing to vein incompetence(Ricci and 
Cavezzi 2002).

GSV’s clinical relevance in bypass surgery. The GSV 
represents main venous conduit used for patients under-
going coronary artery bypass grafting(Akca et al. 2020). 
Furthermore, the GSV is used in infrainguinal bypass 
surgery(Belvedere et al. 2020). In this context, in case of 
bypass for critical limb ischemia, the use of the GSV is 
reported to be superior compared to alternative autologous 
vein bypass(Arvela et al. 2012). It is interesting to note that 
the GSV can be also effectively and safely used as a tempo-
rary bypass in long and invasive surgical procedures.

In this light, surgeons must be aware of anatomical 
variants of the GSV, especially when considering dupli-
cations. The removal of GSVs may result in iatrogenic 
varicosity of the lower limb, particularly when accessory 
veins are present. As mentioned before, the accessory 
vessels often have a structural and histological predispo-
sition to varicosity; also, the surgical removal of a dupli-
cated GSV may increase the risk of venous reflux and the 
development of varices.

CONCLUSIONS

The reported anatomical variation of GSV is pecu-
liar and seems to not completely fit with any convention-
al variations described above.

Similarly to GSV duplications, the two vessels (sGSV 
and dGSV, Figure 5 and 6) have the same caliber and 
ascend parallel to each another; however, they do not lie 
on the same plane and do not drain a common territory. 

Uniquely, the superficial vessel (sGSV) resides in the 
saphenous compartment, while the deep one (dGSV) lies 
underneath the fascia lata. Moreover, they seem to have 
different drainage territories: sGSV receives tributar-
ies from the subcutaneous layers of the thigh, whereas 
dGSV is reached by perforating (deep) veins. Finally, 
the two veins do not have the same origin. Based on 
these features, the observed variant does not fulfill the 
criteria for considering it as a duplication(Chen and 
Prasad 2009; Padavinangadi et al. 2015). Moreover, the 
sGSV cannot be defined as an accessory vein either. 
Generally, accessory veins have a smaller caliber com-
pared to the GSV and do not run into the saphenous 
compartment(Ricci and Cavezzi 2002; Caggiati 2000).

Remarkably, the GSV has a conventional configura-
tion in the leg, lying within the saphenous compartment 
and draining the superficial layers of this region. Just 
above the tibial tuberosity, the vessel pierced the aponeu-
rotic deep fascia and continued as the dGSV. Parallel, at 
this level, the sGSV emerged from the subcutaneous lay-
er and ascended within the saphenous compartment in 
the thigh. In the proximal thigh, the dGSV pierces the 
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fascia lata and merged with the sGSV before draining 
into the femoral vein. Therefore, the peculiarity of this 
variation could affect its recognition at ultrasound exam-
ination. This could have an impact on the evaluation of 
eventual clinical implications; moreover, the actual inci-
dence of the observed variation might be higher.

Although anatomical variants could predispose to 
venous reflux due to their relationship with fasciae(Ricci 
and Caggiati 1999; Thomson 1979), the subject did not 
show any varicosity; this is in agreement with the fact 
that both vessels are anatomically associated to an ana-
tomical fascia, thus preventing excessive dilation.

In conclusion, we described an unusual anatomical 
variation of the GSV characterized by a peculiar rela-

tionship with the fasciae of the lower limb. Given the 
frequency and clinical implications of GSV variations, 
this case report furnished the opportunity to review 
the conventional anatomy of GSV and to summarize 
the most common variations in its course. An accurate 
ultrasound study of GSV is essential to support clinical 
and surgical practices relating to the superficial venous 
drainage of the lower limb.
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