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The veins of the leg are laid down in three overlapping phases: a capillary plexus drained by a single

marginal vein, an axial phase in which a fibular channel and the sciatic vein carry the limb's blood to the
pelvis, and a late preaxial phase in which the femoral and great saphenous veins take over and the earlier

channels regress. Almost every variant the vein practitioner meets at the duplex machine — true
saphenous duplication, the anterior accessory saphenous vein, an absent saphenopopliteal junction, the

lateral venous system, duplicated femoral veins, persistent sciatic and marginal veins — is a recognisable
fragment of that sequence. This review sets out what is known, what is inferred from animal embryos,

and what it means for mapping, ablation and the management of congenital venous anomalies.

WHY EMBRYOLOGY MATTERS AT THE DUPLEX
MACHINE

No guideline asks the vein practitioner to know embry-
ology. What the guidelines do ask is that treatment be
planned on the patient's own "duplex anatomy", because
the superficial veins are too variable for a textbook dia-
gram." Embryology is the reason for that variability, and
the framework that turns a list of variants into a pattern
that can be anticipated.

The sonographer who knows that the great saphenous
and anterior accessory saphenous veins are sister channels
of one preaxial plexus will look for the second trunk when
the first is found. The surgeon who knows that the femoral
vein is a late arrival, replacing an older axial channel along
the sciatic nerve, will not be surprised by a duplicated
femoral vein or by a large popliteal-fossa vein that is not
the popliteal. The practitioner who recognises a lateral
marginal vein as a persistent embryonic trunk rather than
a varicose tributary will prove the deep system before
touching it. The 2002 nomenclature consensus already en-
codes some of this, defining the lateral venous system as
the remnant of the embryonic lateral marginal vein and
the sciatic vein as the main trunk of the primordial deep
venous system.?

HOW WE KNOW: STAGING AND THE LIMITS OF
THE EVIDENCE

Human embryos are staged by the Carnegie system of
O'Rahilly and Miiller, by morphology rather than estim-
ated age.® Stage 13, at about 28 post-ovulatory days, is the
first at which both limb buds can be seen; stage 15, at about
33 days, shows a lower limb bud with a tapering caudal
half that will form the foot; by stage 17, at about 41 days,
there is a digital plate.’ The stage descriptions say nothing
about limb-bud veins. Uhl, whose work from the Paris
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computer-assisted anatomical dissection group is the
fullest modern account, places the lower limb bud at about
day 33, later than the Carnegie description, which is pre-
ferred here. On his framework organogenesis occupies
weeks 4-8 (stages 13—23), the fetal period begins at week
9, and venous anatomy is adult-like by the end of week
12.34

The textbook account rests on early twentieth-century
series: Hochstetter's description of 1893, the earliest mam-
malian account, and Lewis's rabbit embryos of 1905, from
which the sequence of marginal, fibular, sciatic and
femoral veins is taken.*® Woollard's three stages of limb
vascular differentiation — capillary network, retiform
plexus, definitive vessels — were described in the pig fore-
limb and reach most practitioners through the Hamburg
classification built on them.®” Uhl is explicit that the data
on the early stages "are from small mammals and need to
be confirmed by direct observations in human embryos".*

The human evidence is thin. The only modern three-
dimensional reconstruction of fetal limb veins, by Kurobe
and colleagues, studied two fetuses at 14 and 15 weeks and
found in every limb a large axial vein along the sciatic
nerve while the femoral vein was still a small plexus.® Two
fetuses cannot define a timetable, but they show that the
adult "persistent sciatic vein" is the normal configuration at
the end of organogenesis and that the switch to a femoral-
dominant system is a fetal event. Uhl's adult dissection
material supplies the other end of the bracket: a modal
femoral axis in 88% of adults, an axiofemoral bitruncular
pattern in 9% and a single axiofemoral trunk in 3%.* When
the human sciatic vein regresses is therefore an inference,
bracketed between "large at 14-15 weeks" and a small ar-
cade in nine adults out of ten.
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Figure 1. The developmental sequence of the lower-limb veins. A.
Limb bud at about 4-5 weeks (lateral view, the somites of the body wall on
the left): an undifferentiated capillary plexus drained by a marginal (border)
vein around the rim of the bud; the drawing simpilifies its outflow as a small
cranial and a principal caudal stem into the posterior cardinal vein. B.
About 6-7 weeks, the limb elongated with a foot plate and digital rays: the
preaxial (tibial) vein on the cranial border is a minor channel; the postaxial
(fibular) vein on the caudal border carries most of the limb's blood and is
continuous proximally with the axial (sciatic) vein, the single stem into the
posterior cardinal system (from which the common and internal iliac veins
derive); a remnant of the marginal vein persists around the foot plate. C.
From about 8 weeks, anterior view of the right limb after its medial rotation,
which brings the preaxial border to the medial side: a new ventral channel
from the external iliac vein, the femoral vein, becomes the main outflow.
The sciatic vein on the posterior thigh (dashed, far surface) is still large at
this stage and regresses during fetal life; the lateral marginal vein (thin) is
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regressing. The drawing follows the textbook account in which the great
saphenous vein forms from the preaxial border and the small saphenous
vein from the postaxial border; the modern accounts differ on the origin of
the great saphenous vein (see text). D. Adult derivatives, anterior view with
the skeleton for orientation (pale vessels lie deep to muscle; dashed ves-
sels run on the posterior surface): common femoral and femoral veins with
the deep femoral vein, continuing as the popliteal and tibial veins (the deep
axis from the ventral channel); the great saphenous vein with its saphen-
ofemoral junction and the anterior accessory saphenous vein (preaxial bor-
der vein); the small saphenous vein from the lateral end of the dorsal ven-
ous arch, behind the lateral malleolus and up the posterior calf to the
saphenopopliteal junction (postaxial border vein); the lateral venous sys-
tem (the lateral subdermic venous system of Albanese) as the marginal-
vein remnant; and the inferior gluteal vein marking the pelvic end of the re-
gressed sciatic vein. Timings are approximate; the human series is small
and much of the sequence is inferred from rabbit embryos.
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THE DEVELOPMENTAL SEQUENCE

The capillary plexus and the marginal vein
The limb bud appears as a flat plate of mesenchyme sup-
plied by a central axial artery and drained by an undiffer-
entiated subcutaneous capillary network.® At stage 16,
about 37 days, Uhl describes the first "primitive veins" as
endothelial migration thickens the distal and caudal edge
of the plate into a marginal venous sinus.* This marginal
(border) vein runs around the free edge of the plate and
drains, in Lewis's rabbits, into a primitive fibular vein, then
an ischiadic (sciatic) vein and so into the posterior cardinal
vein; Lee's formulation is the same.*%®

Two adult structures descend directly from this phase.
The distal marginal vein, on Uhl's reading, becomes the
primitive small saphenous vein, in his words the very first
adult vein to appear in the embryo.* Along the lateral leg a
thin marginal network persists in most adults, connected
to the fibular veins by perforators at fairly constant sites
about 10, 14, 17 and 22 cm from the apex of the lateral mal-
leolus.* That network is the lateral subdermic venous sys-
tem, which the 2002 consensus names the lateral venous
system, the remnant of the embryonic vena marginalis lat-
eralis.?

The postaxial and axial phase: fibular and sciatic veins
By day 17 in the rabbit the fibular vein is the main vein of
the limb.® It is fed from the sciatic vein above and, in Lee's
account, branches below into the anterior tibial vein and a
connecting branch, which together form the sciatic vein,
"the second embryonic vein".® Uhl places the primitive an-
terior tibial vein at about week 5 and the posterior tibial
vein among the structures present by stage 23, about 56
days.* The sciatic (axial, ischiadic) vein runs with the sci-
atic nerve, becomes large at weeks 7-8 and joins the deep
femoral vein above; at that stage it is the main trunk of the
thigh.* Textbooks describe this phase as a postaxial (fibu-
lar) border vein, from which the small saphenous vein and
the lateral marginal remnant descend, and a preaxial
(tibial) border vein, from which the great saphenous vein
descends; the modern sources describe the same relation-
ships as caudal and cranial plexuses, and the
preaxial/postaxial formulation is taken from the standard
embryology texts rather than from a primary series.*®

The preaxial takeover: the femoral vein

The decisive event for the adult deep system is a new vent-
ral channel. In Lewis's rabbits an anastomosis from the sci-
atic vein connects to a new femoral vein, which becomes
the definitive deep system while the sciatic vein regresses;
Lee describes the same connecting branch, failure of the
transition leaving the sciatic vein as the limb's main drain-
age.>® Uhl is more specific: the femoral vein develops
along the femoral nerve from the cranial plexus, connects
upward with the sciatic vein to form the iliac vein, and is
at first small and plexiform; the anastomosis of this cranial
plexus with the axial plexus gives rise to what he calls the
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"popliteal crossroad”, the meeting point of so many vari-
ants.*

Uhl's central hypothesis is that three "angio-guiding
nerves" — femoral, sciatic and the cutaneous saphenous
nerves — appear at stage 19, about 47 days, and that the
venous plexuses condense along them by stage 23. The
proposed mechanism, VEGF from axons and Schwann
cells, is extrapolated from arterial patterning in mouse
skin, and Uhl presents it as a hypothesis not yet confirmed
in embryos.* It remains a useful mnemonic: each saphen-
ous trunk, the sciatic vein and the femoral vein run with
the nerve of the same name.

The saphenous veins, limb rotation and the saphenous
compartment

The great saphenous vein appears with the femoral vein
along the femoral nerve, from the cranial plexus.* The
caudal plexus forms the distal small saphenous vein to-
gether with a cranial extension in the thigh; a possible ana-
stomosis with the axial plexus leads to termination in the
popliteal axis, the saphenopopliteal junction.* That is why
the small saphenous vein so often has a thigh extension
and why its popliteal junction is inconstant: the junction is
a secondary anastomosis. Lee's account differs — the
femoral vein continuing as the posterior tibial vein and
serving as the precursor of the great saphenous vein —
and the two have not been reconciled.**

Between weeks 6 and 8 the limb rotates medially, so that
its cranial (preaxial) aspect faces medially and its caudal
(postaxial) aspect laterally.* That places the preaxial great
saphenous vein medially and the postaxial small saphen-
ous vein and marginal remnant laterally and posteriorly,
which is why lateral-system reticular veins and spider
veins cluster on the lateral thigh.

The saphenous trunks end up in a compartment of their
own. Caggiati's study of 64 limbs showed a fibro-elastic
lamina in the hypodermis of the medial thigh and leg and
the back of the leg which, with the muscular fascia, forms
compartments containing the saphenous veins and nerves;
the trunks are therefore not truly "superficial”, a term that
fits only their tributaries.’ The developmental origin of the
saphenous fascia has not been described, but the compart-
ment, formalised by the 2002 consensus, is what distin-
guishes a trunk from a tributary on ultrasound.?

The cardinal systems, iliac veins and IVC

The limb veins drain into a trunk system that is itself being
rebuilt. The paired posterior cardinal veins drain the
caudal embryo; between weeks 4 and 8 three further
paired systems appear — subcardinal, supracardinal and,
in the Langman tradition, sacrocardinal.’® In the summary
of Ghandour and colleagues, the posterior cardinals
mostly regress, their distal portions becoming the iliac con-
fluence and the common and external iliac veins; the right
subcardinal forms the suprarenal IVC, the right supracar-
dinal the infrarenal IVC, and the right vitelline vein the
suprahepatic TVC."” Whether the iliac veins derive from
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the caudal posterior cardinals or from separate sacrocar-
dinal veins is a textbook-level disagreement, not a settled
point.

The trunk veins begin bilaterally symmetrical and the
left side regresses: double IVC, in about 2—3% of people,
reflects persistence of both infrarenal supracardinals, and a
left-sided IVC, in about 0.5%, caudal regression of the
right supracardinal.” These matter to the vein practitioner
chiefly through iliofemoral thrombosis in the young.

Valves and perforators

Valves are a late, flow-dependent addition. Kampmeier
and Birch, in the classical description of 1927 as summar-
ised by Caggiati and by Bazigou and Makinen, described
endothelial ridges invaded by mesenchyme to form the an-
lage, orientation toward the heart, widening of the cusps
with enlargement of the sinus, and thinning of the sinus
wall; valves appear only after the heart beats and the limb
muscles move, the first in the lower limb at about 3—4
months in the deep veins of the femoral trigone and pop-
liteal fossa and in the upper great saphenous vein.'" The
Poznan fetal series supports this: in 110 fetal great saphen-
ous veins the earliest well-formed valves appeared at 13
weeks, when each vein carried 2—7, and only bicuspid
valves were seen.”? Valve number rises through prenatal
life, some valves are lost after birth, and in the adult the
terminal valve is present in 98—-99% and the preterminal in
70-85%."® In mice, femoral-vein valves form postnatally,
after flow is established and the vein has acquired a
smooth-muscle coat, at stereotyped positions downstream
of tributary entrances; the timing does not transfer to hu-
mans but the sequence does."

Perforating veins are the one element for which no
timed developmental account could be found: Uhl's fig-
ures label femoral perforating branches and his text de-
scribes the fibular perforators, but no retrieved source says
when or how they form.* The 2002 consensus settles the
vocabulary: perforating veins link the superficial and deep
systems, communicating veins link veins within one sys-
tem, and perforators are named by position, not eponym.”
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Table 1. Embryonic channels of the lower limb and their adult fate

Embryonic

Adult derivative
channel

Persists abnormally as

Persistent lateral mar-
ginal vein (valveless,

Marginal (border) Lateral venous system
vein of the limb of the thigh and leg;

plate distal part becomes the fascia-less trunk from lat-
small saphenous eral foot to thigh or
vein24 pelvis)®

Fibular veins and fibular Contributes to the lateral

perforators to the mar- marginal vein when the

ginal remnant* second-stage transition
fails®

Primitive fibular
(postaxial) vein

Sciatic (axial,
ischiadic) vein

Small arcade along the Persistent sciatic vein

sciatic nerve; collateral  (complete, upper or lower

capacity for the femoral type), often with a hypo-

vein24 plastic femoral or pop-
liteal vein®8

Cranial (preaxial)
plexus along the
femoral nerve

Femoral vein, great
saphenous vein,

Duplicated or plexiform
femoral vein; true great
anterior and posterior ~ saphenous duplication;
accessory saphenous  axiofemoral variants
veins* (12% of adults)4

Caudal (postaxial) Small saphenous vein  Absent saphenopopliteal

plexus with cranial extension;  junction; small saphen-
secondary anastomosis ous vein continuing as
forms the sapheno- the Giacomini vein*
popliteal junction*

Posterior cardinal lliac confluence,
veins (caudal part) common and external
iliac veins '°

lliac aplasia or hypo-
plasia with collateral
pathways10

Subcardinal and  Suprarenal and Double IVC (2-3%), left

supracardinal infrarenal IVC, left renal 1VC (0.5%), azygos con-

veins vein, azygos and tinuation, infrarenal
hemiazygos'° agenesis”1°

MOLECULAR CONTROL, BRIEFLY

The classical account is purely morphological: a plexus,
selection of some channels, regression of others. Molecular
work shows that arterial and venous identity are specified
before blood flows: in the mouse, ephrin-B2 marks arterial
and its receptor Eph-B4 venous endothelium in the
primary plexus before circulation begins, and arterial fate
is driven by Notch signalling downstream of VEGEF, Dll4
initiating and DIll1 maintaining it."> Venous identity is not
a default: the nuclear receptor COUP-TFII is expressed in
venous but not arterial endothelium, and its venous-spe-
cific deletion activates Notch so that veins acquire arterial
features.”® Flow then remodels what the genetic pro-
gramme has set.'

Venous valves borrow the lymphatic programme: valve-
forming venous endothelium induces ephrin-B2 early,
developing and mature valves express Proxi, Vegfr3 and
integrin-ng, and ephrin-B2 and integrin-ag signalling are
required for formation and maintenance, loss of integrin-
9 in adult mice causing leaflet regression.'* Human relev-
ance comes from mutation carriers: FOXC2 carriers had
about 75% fewer venous valves than controls, with leaflets
less than half normal length, and GJC2 (connexin-47) car-
riers about 62% fewer."” Primary deep venous incompet-
ence in a young patient with lymphoedema-distichiasis is
valve morphogenesis failing.
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None of this explains why the sciatic channel regresses
and the femoral channel is selected; no retrieved study
links a gene to either event. What molecular work does
supply is a mechanism for malformation. Somatic TEK
(TIE2) mutations were found in 28 of 57 (49.1%) sporadic
venous malformations,’® and somatic hotspot PIK3CA
mutations in 27 of 50 (54%) TEK-negative malformations,
both producing chronic AKT activation on a common
TIE2-PI3K-AKT pathway.'® A somatic PIK3CA C420R
variant at an allele fraction of 4.7% has been found in an
excised upper-limb marginal vein in CLOVES syndrome,
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femoral vein junction

(deep below the

triangle apex)
great saphenous
vein

deep femoral vein

posterior accessory
saphenous vein

anterior accessory
saphenous vein

lateral venous

system
femoral canal

perforators (Dodd)

anterior tibial vein
paratibial
perforator (Boyd)

posterior arch vein
(posterior accessory

small saphenous vein
GSV of the leg)

(behind the lateral
malleolus)

posterior tibial

perforators (Cockett)

dorsal venous arch
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Figure 2. Adult leg veins by embryonic origin. Anterior and posterior
views of the right limb with the skeleton for orientation, colour-coded by
channel of origin (pale vessels lie deep to muscle; dashed vessels run on
the far surface). Deep axis from the ventral channel: common femoral vein,
femoral vein (fascia-covered only in the femoral triangle, deep from its
apex through the adductor canal and hiatus), deep femoral vein, popliteal
vein with the medial gastrocnemius veins, anterior and posterior tibial and
fibular veins. Great saphenous system (preaxial border vein): the great
saphenous vein from the medial end of the dorsal venous arch to the
saphenofemoral junction, the anterior and posterior accessory saphenous
veins of the thigh, the posterior accessory great saphenous vein of the leg
(posterior arch vein), and the perforating veins of the femoral canal

VARIANTS THE EMBRYOLOGY EXPLAINS

GSV duplication and the saphenous eye

Few variants have been reported across so wide a range as
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and the authors argue for "anomalous marginal vein"
rather than "persistent embryonic vein".?° Post-zygotic mo-
saic events in endothelium during the plexus period sup-
ply a basis for the Hamburg "extratruncular” lesion —
arrested reticular tissue that retains proliferative capacity
— and fit Oduber's hypothesis that the persistent em-
bryonic veins of Klippel-Trénaunay syndrome arise from
"a genetic defect leading to abnormal venous pattern form-
ation".*" Whether a lower-limb persistent marginal or sci-
atic vein carries such a mutation has not been shown.

POSTERIOR
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veins
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dist

(Dodd/Hunterian), the paratibial perforator (Boyd) and the posterior tibial
perforators (Cockett) at their classical sites — their own developmental
timing is undescribed. Small saphenous system (postaxial border vein):
the small saphenous vein from the lateral end of the dorsal arch, behind
the lateral malleolus, up the posterior calf to the saphenopopliteal junction
2—-4 cm above the joint line, with its cranial extension reaching the great
saphenous vein through the posterior thigh circumflex vein (the Giacomini
pattern). The inferior gluteal vein, emerging below piriformis, marks the
pelvic end of the regressed sciatic channel; the lateral venous system is
the remnant of the embryonic lateral marginal vein. Medial rotation of the
limb between weeks 6 and 8 places the preaxial system medially and the
postaxial system laterally.

"double" great saphenous vein: about 1% to nearly 50% by
method and definition.?” Kockaert and colleagues showed
the range to be a definition problem. True duplication is
two trunks both lying between the fascial blades of the
saphenous compartment, each with its own "eye"; partial
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duplication is a trunk not fully enclosed; closed loops are
partial duplications that reconverge at or above the knee;
and parallel or "false" veins are channels outside the fascia,
most often the anterior accessory saphenous vein, usually
smaller and draining a different territory.? In their retro-
spective duplex series of 240 examinations true duplica-
tion was present in 4 (1.6%) and partial in 59 (24.6%); in a
prospective series of 100 untreated patients, 2% and 17%.%
Phlebography cannot image fascia and so cannot make the
distinction, which is why the older phlebographic rates are
high. The UIP duplex consensus gives true duplication —
two parallel veins in the same compartment for 3—25 cm of
thigh — as under 1%, with the eye sign the key to separat-
ing a true trunk from a parallel tributary.*

A true duplication is a second intrafascial channel sur-
viving from the plexiform cranial plexus; a "false" duplica-
tion is a sister vein that never entered the compartment.
Kockaert and colleagues recommend treating a confirmed
duplication, suggest that a missed second trunk may
partly explain recurrence, and note that no data show
whether a competent second trunk refluxes after ablation
of the first.?

Accessory saphenous veins

The anterior accessory saphenous vein is present in 41% of
subjects, typically joining within 1 cm of the saphen-
ofemoral junction, and is involved in about 14% of patients
with varicose veins.?® The 2002 consensus defines the an-
terior, posterior and superficial accessory veins by their
position relative to the great saphenous vein and its
fascia.? The junction itself is inconstant: a meta-analysis of
16 studies and 7,433 legs found a bifid junction in 9.6%
and two separate junctions in 1.7%, with four tributaries
the commonest number — the authors' reason for recom-
mending pre-operative duplex.?*

The accessory veins are preaxial channels of the same
plexus as the trunk, and the 2024 multisociety series on
the "anterior saphenous vein" draws the clinical conclu-
sion: on ultrasound of 62 normal and 62 varicose limbs the
vein lies in its own compartment and "must be considered
a truncal vein", treated like the great or small saphenous
vein rather than as a tributary.?® One-year results of the
SYNCHRONOUS study, reported at Charing Cross in 2024
in 1,173 patients, showed that after great saphenous abla-
tion an untreated competent anterior accessory vein over 2
mm developed reflux in 13.7%, one under 2 mm in 4.8%,
against 0.9% when ablated at the same sitting; these are
conference  data  awaiting  publication.®®  The
SVS/AVE/AVLS guideline of 2022 suggests endovenous
ablation, with phlebectomy if needed, over ligation and
stripping for symptomatic anterior accessory reflux (Grade
2, Quality C), and includes that vein and the small saphen-
ous vein in the standard reflux examination.

SSV termination and the cranial extension

The saphenopopliteal junction is a secondary anastomosis
between the caudal and axial plexuses, and its variability
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follows.* In the dissection series of Uhl, Gillot and
Lemasle, a junction less than 5 cm above the crease was
present in 83% (62% without and 21% with a common
trunk with the medial gastrocnemius veins), a high junc-
tion in 6%, no junction with continuation as the Giacomini
vein in 5%, plexiform termination in the thigh muscles in
5%, and a short termination at leg level in 1%; in 30% the
vein ended low on the popliteal vein, crossing the medial
side of the tibial nerve.?® A duplex study of 244 limbs in
young volunteers with a meta-analysis of 13 studies gave
quite different pooled figures: no true junction, the vein
continuing as a prominent thigh extension, in 24.4% (95%
CI 19.3-29.5); termination in the popliteal vein without
any cranial extension in 17.1%; the other patterns com-
bined in 54.7%.% The UIP consensus places the junction
most often 2—4 cm above the crease, higher in 25%, with
gastrocnemius veins joining the small saphenous vein first
in 10-30% of limbs.?®

A thigh extension is the rule — 95% of limbs by the UIP
figure — and the 2002 consensus names it the cranial
extension of the small saphenous vein, "often termed" the
vein of Giacomini when it joins the great saphenous vein
via the posterior thigh circumflex vein.?*® Delis and col-
leagues reported a single termination in 86.8% and dual in
12.7%, the great saphenous vein the commonest cranial
endpoint (49.5%), and reflux in the Giacomini vein in
3.3% of 301 limbs with suspected venous disease.*

The nerves travel with the vein because they guided it.
In 20 cadaver legs, Kerver and colleagues found multiple
junctions in 20%, a mean vein-to-tibial-nerve distance of
4.4 mm (under 5 mm in 55% of legs, 1 mm or less in 20%),
and the sural nerve within 5 mm of the vein in 60% at the
tibial plateau, rising to 100% from 200 mm distally.®' Who-
ever treats this vein by radiofrequency ablation is working
in the embryonic nerve—vein corridor.

The lateral subdermic venous system

Albanese and colleagues described the lateral subdermic
venous system in 1969 as a distinct network on the lateral
thigh and leg and the usual source of lateral-thigh reticular
veins and telangiectasia, a description that reaches most
readers through later texts.* The 2002 consensus adopted
"lateral venous system" with the embryological definition
already quoted,” and Uhl's fibular perforators explain why
lateral telangiectasia often has a reticular feeder commu-
nicating with the fibular veins rather than the saphenous
trunks.* No retrieved study gives a population prevalence
or sex ratio.

Deep-vein duplication

Because the femoral vein condenses late from a plexus,
incomplete coalescence leaves parallel trunks. In 404 bilat-
eral venograms from a thromboprophylaxis trial, Quinlan
and colleagues found a duplicated femoral vein in 31% of
808 limbs and a true duplicated popliteal vein in 5%, half
the duplications beginning in the mid-thigh, with strong
bilateral concordance.®® Screaton and colleagues found
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multiple femoral veins in 46% of 381 venograms after a
negative ultrasound for suspected thrombosis.** Park and
colleagues, with bilateral CT venography in 445 patients,
found femoral or popliteal multiplication in 29% of limbs,
a course variation relative to the artery in 8%, and agenesis
of both femoral and popliteal veins, with a persistent sci-
atic vein as the sole axis, in 0.3% of limbs and 0.7% of
patients.*® A meta-analysis of 11 studies and 3,682 limbs
put pooled femoral duplication at 19.7% (95% CI 11-30),
with a wide gap between cadaver series (2%) and imaging
(25%), presumably because collapsed duplicates are
missed at dissection.®®
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Clinical Review

Table 2. Reported prevalence of the principal variants

Variant

Reported
prevalence

Population / method

True GSV duplication
(both trunks
intrafascial)

Partial GSV
duplication / closed
loops

Anterior accessory
saphenous vein
present

Bifid SFJ / two
separate junctions

SSV thigh (cranial)
extension

No SPJ, SSV
continuing as a thigh
extension (Giacomini
pattern)

High SPJ (25 cm
above crease)

Multiple SPJs

Duplicated femoral
vein

True duplicated
popliteal vein

Femoral or popliteal
multiplication

Axiofemoral (non-
modal) femoral axis

Femoral and popliteal
agenesis (persistent
sciatic vein as sole
axis)

Double IVC / left IVC

1.6% and 2%;
<1%

24.6% and 17%

41%; pathological
in ~14% of
varicose limbs

9.6%/1.7%

95%

5%; 24.4% (95%
Cl 19.3-29.5)

6%

20%

31%; 46%; 19.7%
pooled (cadaver
2%, imaging 25%)

50/0

29% of limbs

12% (bitruncular
9%, unitruncular
3%)

0.3% of limbs;
0.7% of patients

2-3%/0.5%

Duplex, 240 retrospective
and 100 prospective
examinations;22 UIP con-
sensus®®

Same duplex series??

UIP consensus?®

Meta-analysis, 16 studies,
7,433 legs*

UIP consensus®®

Dissection;28 duplex in
244 limbs plus meta-ana-
lysis of 13 studies®®

Dissection?®

20 cadaver legs®'

808 venographic limbs; 33

381 venograms after neg-
ative ultrasound;3* meta-

analysis, 3,682 limbs®®

808 venographic limbs3®
Bilateral CT venography,
445 patients®®

Adult dissection material*

Bilateral CT venography35

SVS/AVF haemodynamics
chapter’
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Figure 3. Three embryonic channels that failed to regress (normal
limb on the left of each panel). A. Persistent sciatic vein (posterior view):
the axial channel runs with the sciatic nerve from the popliteal vein to the
internal iliac vein and remains the main outflow of the limb, the femoral
vein being hypoplastic — the configuration that is normal at 14-15 weeks
of fetal life. B. Persistent lateral marginal vein in Klippel-Trénaunay syn-
drome (anterior view): a valveless lateral trunk from the dorsolateral foot to

WHEN EMBRYONIC CHANNELS PERSIST

Persistent sciatic vein

The persistent sciatic vein is the embryonic axial vein that
was never superseded. Cherry, Gloviczki and Stanson, as
summarised in the recent anatomical literature, divided it
into a complete type from the popliteal vein through the
sciatic notch to the internal iliac vein, an upper type from
upper-thigh tributaries ending in the pelvis, and a lower
type confined to the thigh and draining into the deep
femoral vein or a subcutaneous plexus; they found 20
among 279 patients with Klippel-Trénaunay syndrome.*
Reported prevalence ranges from 0.7% to 9% across cada-
ver and phlebographic series, figures the reviewers regard
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B anterior view - medial on the right

NORMAL ANOMALY
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small saphenous system

thrombus
sciatic nerve

Normal limb on the left of each panel, anomaly on the right.
Stroke weight: heaviest = the dominant channel of that limb.

the thigh, draining to the deep femoral and gluteal veins and communicat-
ing with the popliteal vein, with a hypoplastic or absent femoral and pop-
liteal vein; the marginal vein may be the limb's only drainage. C. Duplicated
femoral vein (anterior view), two channels from mid-thigh to the adductor
hiatus, with thrombus confined to one channel: the patent second channel
compresses normally and the thrombus can be missed on compression
ultrasound. Stroke weight marks the dominant channel of each limb.

as uncertain, magnetic resonance Venography is the most
reliable test.*” Ko¢ and colleagues described bilateral
lower-type veins with hypoplastic popliteal veins in a 93-
year-old cadaver, each sciatic vein carrying the main drain-
age and containing well-formed valves.*® The 2002 con-
sensus retains the term sciatic vein and notes its capacity
as a collateral for the femoral vein.?

The series of Labropoulos and colleagues, 24 limbs with
reflux in veins along the sciatic nerve, is a selected cohort
without a denominator, but it carries the warning that
matters: one patient with acute thrombosis of a persistent
sciatic vein died of pulmonary embolism. Nineteen limbs
had pain or tingling in the nerve distribution; subfascial
ligation, phlebectomy or sclerotherapy relieved or im-
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proved 17.% A persistent sciatic vein lies in the plane of a
popliteal sciatic nerve block, and a lower-type vein with a
hypoplastic popliteal vein may be the limb's main outflow
— an argument against ligating it during popliteal surgery
and against saphenectomy when the sciatic channel is the

drainage.®"%

Persistent lateral marginal vein and Klippel-Trénaunay
Lee's position, carried in the title of his 2014 paper, is that
the marginal vein "is not a varicose vein; it is a venous mal-
formation™ a truncular lesion in the Hamburg sense,
valveless, with a smooth-muscle-deficient wall and no fas-
cial sheath, running from the lateral foot to the thigh, but-
tock and sometimes the internal iliac vein, the commonest
venous malformation in Klippel-Trénaunay syndrome.*
Its frequency in that syndrome varies with the cohort and
the definition: 12 of 70 (17.1%) in the Dutch duplex series
of Oduber and colleagues, under 20% in the review by
Fereydooni and Nassiri as cited by Gloviczki, and 72% for
varicosities or venous malformations of any kind, includ-
ing atypical lateral and sciatic veins, among 252 Mayo
Clinic patients.?’*"*2*® Oduber and colleagues reduce the
many names for persistent embryonic veins to two entities,
persistent lateral marginal vein and persistent sciatic vein,
each reported with a statement of deep venous patency.?'

Deep venous patency is the whole question: deep
aplasia or hypoplasia accompanies the marginal vein in
13% of cases in the Fereydooni and Nassiri review and in
"more than one third" in Lee's experience.***' Lee's prin-
ciples follow: duplex is the test of choice, because phle-
bography alone can falsely suggest aplasia; excision is the
treatment when the deep system is normal; with mild
hypoplasia, staged removal under perioperative low-
molecular-weight heparin; with aplasia the marginal vein
"is part of the main drainage, so resection is not pos-
sible".** Rojas Martinez and colleagues make the same
point — if the deep system is aplastic or hypoplastic,
extensive varicectomy "should not be performed, because
these veins act as substitute channels" — and add that the
commonest diagnostic error is to mistake a marginal vein
for an arteriovenous malformation, which must be
excluded.* The Mayo series of open surgery in 49 patients
(53 limbs; lateral embryonic vein excised in 28%) recorded
deep-vein thrombosis in 4%, pulmonary embolism in 2%
and peroneal palsy in 2%, with freedom from reinterven-
tion of 78% at three years.* The marginal vein is an em-
bolic source: 94% of patients with the syndrome who had
a pulmonary embolism had ectatic change in the marginal
vein, as cited by Gloviczki.*'*?

IVC and iliac anomalies

The practitioner who scans for deep-vein thrombosis
meets the cardinal systems as IVC agenesis. Population
incidence is under 0.01%, but about 5% of patients under
30 with idiopathic thrombosis, particularly men, have an
IVC anomaly; bilateral iliofemoral thrombosis occurs in
under 10% of thromboses overall but in up to 50% with an
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IVC malformation; and most authors favour long-term
anticoagulation on low-level evidence — figures cited from
the review by Gémez-Hernédndez and colleagues.® Sun
and colleagues, in 64 patients with congenital aplasia, at-
resia or hypoplasia of the iliac and lower-limb veins, found
a left-sided and male predominance, multi-segment de-
fects in 58% and deep-vein aplasia in 12%, and described
five collateral pathways that must not be mistaken for
pathological vessels.*’ Iliac compression at the arterial
crossing is best regarded as an acquired lesion on a devel-
opmentally determined crossing, not a malformation.

The Hamburg/ISSVA view of malformations

The Hamburg classification groups congenital vascular
malformations by predominant vessel and splits each into
extratruncular lesions — arrested before the truncal stage,
mesodermal remnants that may proliferate after trauma,
surgery or hormonal change — and truncular lesions
(aplasia, hypoplasia, stenosis, aneurysm, persistent em-
bryonic vein), which do not proliferate but have worse
haemodynamic consequences.® Uhl ties the stages to time:
malformations before week 4 are extratruncular and
severe, those of weeks 4-8 truncular and less severe, and
after week 8 only simple variants arise.* The ISSVA classi-
fication adds a section for malformations of named vessels
(the former "truncular" category), lists the known genes,
and defines Klippel-Trénaunay syndrome as a capillary-
lymphatic-venous malformation with limb overgrowth,
Parkes Weber as capillary malformation with arterioven-
ous fistulae and overgrowth, and CLOVES as lymphatic-
venous—capillary malformation with lipomatous over-
growth.”® The VASCERN-VASCA working group adds
management pathways for sporadic, multifocal, familial
and syndromic venous malformations.”® Hamburg says
how a lesion will behave; ISSVA what to call it and which
gene to seek.
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Table 3. Clinical consequences of embryological variants, with
reported rates

Clinical consequence Reported rate Source population

False-negative 6% (10/177) vs 2% 381 venograms
compression ultrasound (4/204) with a after negative ultra-
for proximal DVT with a single vein, P = sound®*

duplicated femoral vein 0.056

Pulmonary embolism from 94% of KTS

an ectatic marginal vein in  patients with PE

KTS had ectatic change
in the marginal vein

Review, as cited by
Gloviczki*!+#2

DVT and PE after open
venous surgery in KTS

DVT 4%, PE 2%, 49 patients, 53

peroneal palsy 2% limbs, Mayo
Clinic*®

1 death in 24 limbs Selected clinical
series®®

Fatal PE from persistent
sciatic vein thrombosis

Network meta-ana-
lysis, 6,793 limbs >

Nerve injury with small
saphenous vein treatment

3.0% pooled, all
modalities

Tibial nerve within 5 mm of 55% of legs; within 20 cadaver legs®'
the SSV near the junction 1 mmin 20%

Reflux developing in an 13.7% (>2 mm),

untreated competent AASV  4.8% (<2 mm) vs

after GSV ablation 0.9% if ablated syn-
chronously, at 1
year

1,173 patients, con-
ference report®®

Dissection;28
duplex plus meta-
analysis?®

Absent saphenopopliteal
junction (SSV continues as
a thigh extension)

5%; 24.4% pooled

Deep venous aplasia or
hypoplasia accompanying
a marginal vein

13%,; "more than
one third"

Review, as cited by
Gloviczki;*1:42
Lee's experience*°

~5%; bilateral
iliofemoral DVT up
to 50% with IVC
malformation

IVC anomaly in idiopathic
DVT under 30 years

As cited by Gémez-
Hernandez*®

WORK-UP BEFORE INTERVENTION

Every variant in this review is detectable on a complete
duplex examination performed with the question in mind,
which is why the author maps every limb fully before
offering any treatment, whether radiofrequency ablation,
medical adhesive closure or ultrasound-guided foam
sclerotherapy. The ESVS guideline describes duplex as the
primary test, performed upright, the deep veins checked
for patency, reflux and post-thrombotic obstruction, and
the findings drawn as a venous map, "an essential tool to
plan and perform venous interventions".! Where a mar-
ginal or persistent sciatic vein is suspected, duplex is the
first test but not the last: Lee advises adding venography,
and plethysmography helps where the marginal vein's
contribution to drainage is in doubt.***

Vein Centres South Africa - veinsurgery.co.za
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BEFORE YOU TREAT...

Count the trunks in the compartment. Two intrafascial
channels, each with its own eye, are a true duplication;
a channel outside the fascia is an accessory vein or trib-

utary.?22

Find the anterior accessory saphenous vein and meas-
ure it. It joins within about 1 cm of the junction and
runs over the femoral vessels; a competent vein over 2

mm is at risk after great saphenous ablation.?*%°

Map the junction tributaries. A bifid junction or two
separate junctions is not rare.?*

Follow the small saphenous vein to its end. Is there a
junction at all, how high, do gastrocnemius veins share
a trunk, and does a cranial extension carry flow — in
which direction?1282°

Identify the tibial and sural nerves before choosing the
access point.®!

Look for the lateral system when lateral-thigh reticular
veins or telangiectasia are the complaint, and trace the
feeder to its perforator."*

Prove deep patency and count the deep channels.
Compress each separately; if one limb has a duplication,

look carefully at the other.?*34%

A large vein beside the sciatic nerve or along the lat-
eral limb changes the plan. Establish the deep system,
exclude arteriovenous shunting, and consider cross-sec-

tional venography before any intervention.?' 404

10
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WHAT THE GUIDELINES SAY PRACTICAL IMPLICATIONS FOR TREATMENT
The findings that change what is done at the time of treat-
GUIDELINE POSITIONS ON DUPLEX MAPPING, ment are collected in Table 4. The author offers radiofre-
VARIANTS AND CONGENITAL ANOMALIES quency ablation, medical adhesive closure and ultrasound-
ESVS 2022. Duplex ultrasound is the primary dia- guided foam sclerotherapy, not endovenous laser or
gnostic test of choice, and because of the "large variabil- mechanochemical ablation; comments on those modalities
ity" of the superficial veins it is "mandatory to rely on are drawn from the literature cited.

the so called 'duplex anatomy' to plan any treatment".
The anterior accessory saphenous vein runs parallel and
slightly lateral to the great saphenous vein in its own
compartment; the small saphenous junction level "can
vary"; and "In the presence of a Giacomini vein, the
saphenopopliteal junction may be present or absent."
For small saphenous incompetence, endovenous thermal
ablation is recommended over surgery or foam (Class I,
Level A), with care to avoid sural nerve injury if cannu-
lation is below mid-calf (Class I, Level B); for reticular
veins and telangiectasia, duplex is recommended to look
for associated incompetent veins, which are treated first
(Class I, Level C). The guideline "decided to leave out
congenital venous malformations", so it contains no
recommendation on the marginal vein or Klippel—-
Trénaunay syndrome.'

SVS/AVF/AVLS 2022 (Part I). Duplex is "the dia-
gnostic test of choice to evaluate for venous reflux"
(Grade 1B); reflux is more than 500 ms in superficial
truncal, tibial, deep femoral and perforating veins and
more than 1 s in the common femoral, femoral and pop-
liteal veins; the standard examination includes spectral
Doppler of the great saphenous vein, "the anterior
accessory great saphenous vein and ... the small saphen-
ous vein", with diameters measured in each. Guideline
2.2.3 suggests endovenous ablation over ligation and
stripping for symptomatic anterior accessory reflux
(Grade 2C). The text does not discuss great saphenous
duplication or the saphenous eye, and does not address
congenital anomalies.?’

UIP duplex consensus 2006 (Part I, Anatomy). The
anatomical reference for the saphenous eye, the 41% pre-
valence of the anterior accessory vein, true duplication
under 1%, saphenopopliteal variability and the 95%
thigh extension.?®

Nomenclature consensus 2002. The source of the terms
used here, including the embryological definitions of the
lateral venous system and the sciatic vein.?

VASCERN-VASCA and ISSVA. Cover the syndromic
malformations; no document specific to the marginal
vein was identified, and the most explicit management
statements remain those of Lee, of Fereydooni and Nas-
siri, and of the Mayo group. *®*! 424849

Where the guidelines are silent. None addresses
embryology as such, true saphenous duplication, the
persistent sciatic vein, or the timing of accessory-vein
treatment relative to great saphenous ablation beyond
the single SVS suggestion above.

Vein Centres South Africa - veinsurgery.co.za 11
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Table 4. Treatment implications of the principal findings

Clinical Review

Finding Best evidence Practical points
True GSV Duplex definition series; no outcome Treat a refluxing duplicate as a trunk; document a competent duplicate and follow it.
duplication data on the fate of a competent second Each trunk needs its own access and its own tumescence or adhesive run.

trunk?

Anterior accessory  Conference data from 1,173 patients; ~ Treat it as a truncal vein. Ablate a refluxing accessory vein at the same sitting; discuss
saphenous veinat  SVS Grade 2C for ablation of sympto-  synchronous treatment of a competent vein over 2 mm, acknowledging that the support-
the time of GSV matic reflux2827 ing data are not yet fully published.

treatment

SSV access and

Cadaver nerve-distance data; ESVS Cannulate at mid-calf; stop the catheter short of the junction with the tibial nerve in view;

termination Class | B on cannulation level; pooled  where there is no junction, treat the vein as a Giacomini continuation and define its out-

nerve injury 3.0%"%1°

Giacomini vein

flow before ablating.

Small treatment series; one common  Establish direction of flow; the posterior thigh course lies close to nerve; foam or adhes-

peroneal injury after thermal ablation, ive avoid thermal injury but neither has been compared with ablation in this vein.

as reviewed by Nowak-Tarnawska and
Reina-Gutierrez3051

Lateral venous
system incompetence before treating tel-
angiectas,ia1

ESVS Class | C: duplex for associated Treat the reticular feeder, and any fibular perforator feeding it, before the telangiectasia;
foam sclerotherapy is the usual tool for the feeder.

Duplicated femoral  Venographic and CT series; false-neg- Compress each channel separately when excluding thrombosis; a duplication is a

or popliteal vein ative ultrasound 6% vs 2%333435

reason to doubt a single negative scan in a patient with a high pre-test probability.

Persistent sciatic Case series and cadaver reports37-38:3% Never ablate or ligate the only outflow. With a hypoplastic popliteal or femoral vein the
vein sciatic vein is the drainage; symptomatic reflux in a sciatic-nerve vein has been treated
by subfascial ligation or sclerotherapy only after deep patency was confirmed.

Lateral marginal Expert series; Mayo surgical out-
vein comes; management

Prove deep patency and exclude arteriovenous shunting first. With a normal deep
system, excision is the treatment of choice; with hypoplasia, staged removal under

reviews40:41,42,44,45 LMWH; with aplasia, do not remove. Ligate or coil the perforators before any foam so

IVC or iliac anomaly

Case series; low-level evidence on

anticoagulation 647

sclerosant cannot enter the deep system; thermal ablation is generally unsuitable under
thin skin and foam is less effective and carries risk; give weight-adjusted LMWH around
any intervention.

Image the IVC in a young patient with unexplained or bilateral iliofemoral thrombosis;
recognise collateral pathways as compensatory and do not treat them as varicose veins.

A WORKING ALGORITHM

1. Perform a complete bilateral duplex map, standing,
including deep-vein patency and channel count, both
saphenous compartments, the anterior accessory
saphenous vein, the small saphenous termination and
the lateral thigh.'"

2.If a large valveless vein runs along the lateral limb or
beside the sciatic nerve, classify it as a persistent lateral
marginal or persistent sciatic vein, state the deep venous
patency, exclude arteriovenous shunting, and obtain
cross-sectional venography before planning any-
thing, 214044

3. If the deep system is aplastic, the embryonic vein is the
drainage: compression, thromboprophylaxis and refer-

ral to a vascular-anomalies centre, not ablation.*>*?

4. If the deep system is patent, treat truncal reflux by the
modality suited to the vein — the great saphenous vein
and a true duplicate, the anterior accessory saphenous
vein and the small saphenous vein each as trunks, the
accessory vein addressed at the same sitting when it

refluxes.?>%’

5. Treat reticular feeders and perforators of the lateral sys-
tem before telangiectasia, and tributaries after the
trunk.’

6. Document every variant on the map and in the letter:
the next clinician to scan the limb for suspected throm-

Vein Centres South Africa - veinsurgery.co.za

bosis needs to know about the second femoral chan-
nel 3334

AREAS OF UNCERTAINTY

The human timetable is inferred. The sciatic-to-
femoral switch comes from rabbit embryos; the only

modern human series is two fetuses.**®

The origin of the great saphenous vein is described
three ways — preaxial border vein, cranial plexus along
the femoral nerve, or outgrowth of the femoral-pos-
terior tibial line — and the accounts have not been
reconciled.*®

The "angio-guiding nerve" hypothesis is unproven in
embryos, and perforator development has not been
described.*

The molecular account is mouse-derived. Human con-
firmation rests on 13-week fetal valves and mutation-
carrier phenotypes; no gene has been linked to the
selection or regression of a limb channel, and no so-
matic mutation has been shown in a lower-limb persist-

ent sciatic or marginal vein.'#'%1%17.20

Prevalence depends on method. Femoral duplication is
2% at dissection and 25% on imaging; the saphenopop-
liteal junction is absent in 5% or 24% depending on the

series. 282936
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 Prophylactic treatment of a competent duplicate or
accessory trunk rests on one unpublished trial and ex-
pert opinion; the guidelines are silent on embryology,

Clinical Review

true duplication, the persistent sciatic vein and the mar-
ginal vein."#?%%

KEY CLINICAL POINTS

1. The leg veins develop in three phases — marginal, axial
(sciatic) and preaxial (femoral) — and the clinically
important variants are fragments of the earlier phases.*®

2. The human evidence is thin: the sequence rests on rabbit
embryos and two human fetuses, and the timings here are
approximate.>®

3. The saphenous compartment defines a trunk. True great
saphenous duplication occurs in about 1-2%; most
"double" veins are accessory veins or loops.?223

4. The anterior accessory saphenous vein is a sister trunk,
present in about 41% and pathological in about 14% of
varicose limbs; a competent vein over 2 mm left at great
saphenous ablation refluxed in 13.7% at one year in con-
ference data.?*2®

5. The saphenopopliteal junction is a secondary anastom-
osis, absent in 5-24% of limbs; follow the small saphen-

ous vein to its true outflow and identify the tibial and
sural nerves before access.?*%%*'

A BEDSIDE RULE

Before ablating any vein, name the embryonic

channel it came from, and never close a channel
until you have seen the one that replaced it.

Disclosure. The author performs endovenous and other venous proced-
ures in private practice. This article is for medical education and does
not replace individual clinical assessment.

Figures. Diagrams drawn for this review by Vein Centres South Africa.
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6. The lateral venous system is the marginal-vein remnant,
with fibular perforators; map the feeder before treating
lateral-thigh telangiectasia.?*

7. The femoral vein is a late channel, duplicated in about a
fifth to a third of limbs on imaging; compress each chan-
nel when excluding thrombosis.?*%+%

8. A large vein beside the sciatic nerve may be the limb's
drainage. Never ligate or ablate it without proving the
femoral and popliteal veins.":3®

9. The marginal vein is a venous malformation, not a
varicose vein. Deep aplasia accompanies it in 13% to more
than a third; prove the deep system and exclude arteri-

ovenous shunting before any treatment. **#"**

10. Guidelines require treatment to be planned on the

patient's duplex anatomy, but are silent on embryology

and on persistent embryonic veins."?’

How to cite. Blignaut J. Embryology of the leg veins: a practical guide
for the vein practitioner. Clinical review. Vein Centres South Africa; Octo-
ber 2026. Available from: https://www.veinsurgery.co.za/for-doctors/leg-
venous-embryology/
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