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Haemodynamic Management
of Deep Venous Insufficiency
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9.1 Introduction

Femoral vein (FV) duplication is a higher preva-
lent anatomical variant than what generally
thought [1, 2]. In primary and post-thrombotic
reflux patterns, the duplication feeds a closed cir-
cuit with one incompetent vessel constituting the
leaking point and with the other conduit repre-
senting the antegrade draining route. The
described pattern offers the opportunity of sup-
pressing the deep venous reflux by means of a
surgical closure of the leaking point, using hae-
modynamic principles to restore a physiological
venous drainage.
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9.2 Applied Deep Venous

Anatomy

Lower limb deep venous anatomy plays a major
role in venous return, thanks to the interaction
with the muscle masses creating the so-called
calf venous pump [3]. Indeed, while the venous
return in a supine position is mainly triggered by
the pressure gradient created by the cardiac pump
and by the thoraco-abdominal aspiration, in the
standing position, the venous drainage counter-
acts the force of gravity by activating the lower
limb muscle, thus squeezing the veins and pro-
pelling the blood.

It is interesting to notice that four-legged ani-
mals do not possess a calf pump mechanism: an
evidence of the role of the gravitational force and
of the synergistic action of lower limb veins and
muscles. The interconnection among the deep
and the superficial venous system is functionally
separated by the two fascial layers: the deep and
superficial fascia. While the first is a strong mem-
brane with little elasticity, the latter is softer and
provides less support to the saphenous system
which lies in between the same two fascial struc-
tures (see Sect. 2.2).

The deep venous system below the knee is con-
stituted by the anterior and posterior tibial veins,
the peroneal and popliteal veins (see Fig. 2.1) [4].
The anterior tibial vein is the continuation of the
venae concomitantes of the dorsalis pedis artery,
and it drains the anterior part of the lower limb. It
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runs just above the interosseous membrane
between the tibia and the fibula.

The posterior tibial vein generates at the con-
fluence of the medial and lateral plantar veins
below the medial malleolus, and it drains the pos-
terior lower part of the leg together with the
plantar surface of the foot. This vein runs behind
the tibia and joins the popliteal vein at the poste-
rior knee.

The peroneal vein drains the lateral part of the
lower leg while ascending along the posterome-
dial side of the fibula and joins the posterior tibial
vein in the upper third of the lower leg. The ante-
rior and posterior tibial veins unite together form-
ing the tibio-peroneal trunk which then generates
the popliteal vein at the lower aspect of the poste-
rior knee.

The popliteal vein than ascends along the
anteromedial part of the thigh, medial to the artery
in the lower knee, superficial to the artery at the
posterior knee and lateral to it above the knee. At
the adductor hiatus, the popliteal vein becomes
the femoral vein. The term superficial femoral
vein is no longer in use considering the potential
misunderstanding as the vein is deep [5].

In the lower part, the femoral vein is lateral to
the artery, in the middle third behind and in the
upper portion medially. The deep femoral vein
joins the femoral vein running along the deep
femoral artery, so forming the common femoral
vein which is located medially to the common
femoral artery. Once the common femoral vein
has passed underneath the inguinal ligament, it
becomes the external iliac vein.

From a structural point of view, the deep veins
are thin walled and have little smooth muscle.
They are present also as sinuses collecting sig-
nificant amount of blood volume, such as in the
soleal (draining into the posterior tibial vein) and
gastrocnemius (draining into the popliteal vein)
muscles. Deep veins are subfascial and are
imbedded inside the muscle masses, and they
play a fundamental role in venous return, particu-
larly during standing.

Indeed, the cardiac and thoraco-abdominal
pumps are insufficient in the generation of the
pressure gradient that drives the venous blood
back to the heart against the force of gravity.
Together with the valvular apparatus and the

muscle masses, the deep veins constitute the so-
called peripheral heart: a main actor in venous
drainage regulation. Like in the heart, the venous
blood is collected in the deep venous network
and then propelled by the muscles through a val-
vular apparatus towards against the force of
gravity.

The deep veins receive the full transmission of
the energy generated by the systolic contraction
thanks to their anatomical location just inside the
muscle masses. Thanks to the valvular apparatus
the blood is propelled in one direction.

The most superficial network is solicited by a
smaller pressure gradient because of its localiza-
tion above the muscular fascia. Subsequently, an
energy gradient differential is generated between
the deep and superficial system, so favouring the
drainage from the most superficial towards the
deepest compartment, from the distal to the prox-
imal parts. In case of valvular failure, a deep
venous reflux can originate, presenting different
possible networks of pathological drainage.

9.3 Rationale
for the Haemodynamic
Management and Clinical

Scenario

Literature is clearly showing how descriptive
anatomy must take into consideration the
extremely frequent variations in the course and
number of lower limb veins [6]. In particular,
duplication of deep veins has been found in 42%
of popliteal veins and in 31% of femoral veins
(see Fig. 9.1).

The duplicated vessel has been called accessory
femoral vein. It was found to be medial to the fem-
oral vein in 46% of cases while lateral in 49% of
patients. The remaining 5% of cases were triplica-
tions. The average length of the duplicated femoral
vein was reported to be in between 6 and 15 cm. No
correlation among gender, age and duplication was
found, while the presence of a duplication on one
leg was strongly associated with the presence of a
duplication in the contralateral limb [7].

The same vessel duplication predisposes a
network potentially developing a reflux through a
closed circuit (Fig. 9.2).
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Fig. 9.1 Duplication (DV) of the femoral vein (FV).
DFV deep femoral vein, CFV common femoral vein (With
permission from [8])

As previously described in Sect. 3.7.1, dedicated
to the superficial system, a reflux generated inside a
closed circuit (closed shunt) can be suppressed by
adequately changing the pressure gradient through
a selective ligation of the leaking point.

In the case described in Fig. 9.2, for exam-
ple, a simple titanium clip apposition at the

Fig. 9.2 Closed refluxing network generated by the
incompetence at the confluence among the femoral vein
(FV) and its duplication (DV). CFV common femoral
vein, DFV deep femoral vein (With permission from [8])

confluence among the femoral vein and its
duplication can restore the venous drainage by
creating a favourable pressure gradient, thanks
to the suppression of the leaking point
(Fig. 9.3).

Published data show the feasibility and effec-
tiveness of the technique [8].
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Fig. 9.3 Suppression of the leaking point by titanium
clip apposition (red line). Breaking the close circuit estab-
lished by the femoral vein (FV) duplication (DV) leads to
the reflux suppression. DFV deep femoral vein, CF'V com-
mon femoral vein (With permission from [8])

As initially postulated back in the early twen-
tieth century by Linton and Bauer, femoral liga-
tion seems to be not only safe but even effective
in deep venous reflux control [9].

The frequent presence of deep venous dupli-
cation creates an anatomical premise for sup-
pressing refluxes that are originated by closed
circuits while maintaining the upward flow in the
competent segment. Lower limbs’ deep venous
system constitutes one of the most fascinating but
challenging topic in the vascular disease field.

Despite the high frequency of venous reflux
occurrence, the related pathophysiology is still
lacking of a clear interpretation [10-14].

Nowadays, therapeutic options such as valvu-
loplasty, transpositions and translocations are uti-
lized in a limited number of cases and just in
highly specialized centres [15, 16].

The feasibility and performance of a haemo-
dynamic approach to deep venous insufficiency
allow a potential widening of the indication to
treatment, thanks to both the venous duplication
frequency and the surgical easy feasibility. As it
was demonstrated in case of haemodynamic res-
toration in the superficial venous insufficiency,
the suppression of the leaking point of a closed
refluxing circuit reduces the ambulatory venous
pressure and improves the plethysmographic
parameters [17].

The same haemodynamic improvement fol-
lows also in the deep venous system. An active
muscle pump action is required to generate the
post-operative retrograde draining flow. For this
reason, this haemodynamic procedure is sug-
gested just in the case of not bedridden patients,
who have previously failed conservative measure
and with a severe deep reflux affecting the possi-
ble ulcer healing.

9.4 Instructions for Users

9.4.1 Preoperative Diagnostics
The ultrasound assessment in colour identifies a
deep venous reflux along a duplicated vein, with
the leaking point at the vessels bifurcation
(Fig. 9.4).

A magnetic resonance venography (MRV)
protocol can be customized in order to detect the
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Fig.9.4 (a) Duplicated femoral vein (orange dotted line, accessory femoral vein) at the confluence with the femoral vein.
(b) Reflux documentation with the ultrasound in PW mode (With permission from [8])

slow flow of the deep venous system, providing
further evidence of this anatomical bifurcation.

9.4.2 Surgical Technique

The patient lies supine with a leg flexed at the
knee and in abduction (frog-legged), in order to
facilitate the access to the medial side of the
thigh.

Under local anaesthesia and after an accurate
preoperative echo-guided mapping, a longitudi-
nal incision is performed along the medial aspect
of the upper thigh over the anterior border of the
sartorius muscle, and dissection between sarto-
rius and the medial edge of the vastus medialis
muscle is performed to expose the femoral vein,
the duplicated (accessory femoral) vein and the
femoral artery. The vessels are isolated and con-
trolled, mobilizing the femoral artery addition-
ally in order to get a better exposure of the
femoral venous bifurcation. A titanium clip (large
size) is flush applied at the confluence among the
femoral vein and its duplication (Fig. 9.5).

The dissection layers are closed by running
3-0 absorbable sutures, while the skin by a sub-
cuticular 4-0 absorbable monofilament.

Neither antibiotics nor LMWH prophylaxis is
considered mandatory. Only in post-thrombotic
cases an anticoagulation therapy is suggested
because of increased deep venous thrombosis
risk.

Fig. 9.5 Titanium clip application at the duplicated fem-
oral vein confluence with the femoral vein

9.5 Haemodynamic
Management of Deep
Venous Insufficiency

at the Calf

The same rationale as described in Fig. 9.3 can be
applied to a selective reflux situation at the calf.
The most often observed situations are:

* Refluxing muscle veins with connection to the
distal small saphenous vein. The treatment is
to interrupt the muscle vein at its junction with
the popliteal vein in the popliteal fossa (see
Fig. 9.6a).

e Refluxing posterior tibial vein with connec-
tion to the distal great saphenous vein. The
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Fig. 9.6 (a) Reflux via a muscle vein, joining the distal
small saphenous vein (compare Fig. 4.31). The treatment
is to interrupt the refluxing muscle vein (red) at its junc-
tion with the popliteal vein in the popliteal fossa (green
line). (b) Reflux in the posterior tibial vein, filling the

treatment is to interrupt the posterior tibial
vein at its junction with the popliteal vein in
the popliteal fossa (see Fig. 9.6b).

The surgical access in both cases is the same
as to perform an interruption of the sapheno-
popliteal junction. In the hands of an experienced
surgeon, the intervention is safe.
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