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During the 1970s and in the 1980s, we had more and more patients who 
needed a saphena bypass wherein the saphenous vein was unfortunately 
destroyed by a previous surgical or endovenous treatment. I was struck by our 
schizophrenic behaviour which consisted of, on the one hand, the saphenous 
vein destruction for the benign varicose disease and, on the other hand, 
lamenting for its absence when we needed it to perform a venous bypass for 
a critical or life- threatening arterial or coronary obstruction. So, as a former 
psychiatrist, I decided to confront and treat my insanity.

In addition to conservative treatments as foot elevation, bandaging and use 
of compression stockings, I tried to find a surgical treatment which could also 
preserve the saphenous capital. My observations of the varicose veins’ disap-
pearance when I lifted the feet of my patients combined with the Trendelenburg 
and Perthes manoeuvres’ effects convinced me that the cause of the venous 
insufficiency and its symptoms was just a haemodynamic impairment of 
the venous flows and pressure control.

Then, from this basis and thanks to the studies of the venous pressure prin-
cipally published by Bjordal and the revolutionary capability of recent echo-
Doppler ultrasound devices, I could better figure out the better haemodynamic 
venous system and its anomalies. It resulted in proposals of venous patho-
physiological haemodynamic principles as dynamic fractioning of hydrostatic 
pressure, various venous shunt patterns, re-entry concept, transmural pressure 
control as the target of any rational treatment, location of not yet individual-
ized pelvic leak points, haemodynamic venous cartography, and finally the 
necessary conservation of the venous network for a correct drainage of the 
tissues and prevention of recurrence. These concepts were the basis of the 
CHIVA cure (French acronym for “cure Hémodynamique et Conservatrice de 
l’Insuffisance Veineuse en Ambulatoire”) published in 1988.

As conservation is a pillar, CHIVA was received as provocative nonsense 
because, so far, the destructive paradigm was dominant. Indeed, for around a 
century, research, studies and devices where focused on killing the veins because 
the treatment failures and recurrences where attributed to the veins left behind. 
Indeed, CHIVA is based on dramatically different pathophysiological rational. 
Its concepts were verified by further experimental evidence. Thanks to hundreds 
of studies, some RCTs and a Cochrane review, achieved by various authors over 
Europe, CHIVA is today validated more successful than destructive methods 
and reaches, at the same time, both targets of  treating efficiently the venous 
insufficiency and preserving the venous capital for future bypass.

Foreword
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CHIVA is also a scientific and intellectual challenge which demands a 
reconsideration of the mainstream knowledge and personal habits, a steep 
learning curve of the appropriate venous haemodynamics and its related 
duplex scan assessment. We cannot play a game of chess with the rules for 
checkers even if the board is identical. The same is for CHIVA. The rules of 
destructive methods cannot fit to the conservative CHIVA.

Conservative or ablative methods, as well as invasive and non-invasive or 
laser and other advanced devices, are powerful marketing arguments but not 
always medically fair. The conservative procedures are relevant only when 
they are better than the ablative in terms of risks/benefits ratio. Non-invasive 
procedures are not necessarily safe. CHIVA is feasible in outpatients with 
mini-invasive surgery.

Patient information should point out the risks/benefits based on medical 
evidence. That is like kicking down an open door if we refer to the Hippocratic 
oath “I am following that system of regimen which, according to my ability 
and judgement, I consider for the benefit of my patients, and abstain from 
whatever is deleterious and mischievous”. Furthermore, the patient informed 
consent obliges to inform the patient about the nature and purpose and risks 
and benefits of the proposed treatment as well as the alternatives.

Unfortunately, reality is not so. Ignorance, cynicism, competition, greed 
and conflicts of interest are still to be taken into account.

I would like this book to revive the fair Hippocratic oath by permitting the 
phlebologist to better inform and treat the patient. Remind him that varicose 
veins are usually benign and may be treated or not according to his cosmetic 
or comfort expectation. In case of skin changes and ulcers, easy efficient 
procedures on transmural pressure decrease are available. In addition, the 
CHIVA concepts and strategy are applicable to deep venous diseases, particu-
larly post-thrombotic, and also to venous malformations.

Many thanks and congratulations to the authors who are renowned world 
experts as researchers and practitioners in phlebology. They report and 
explain extensively and clearly the venous haemodynamic pathophysiology 
with the relevant contribution of other eminent colleagues, who improved the 
CHIVA strategy and tactics.

Claude Franceschi

Foreword
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Many phlebologists, surgeons and scientists were involved on the way that 
led to the writing of this book. The idea of venous-sparing surgery rests on 
the shoulders of these colleagues. Countless numbers of courses, meetings 
and discussion groups allowed us to sharpen our minds about the open ques-
tions. We deeply thank all the colleagues around the world who have contrib-
uted scientifically and practically to the development of the saphenous-sparing 
surgery and the underlying haemodynamics concepts.

We thank Dr. Kraemer, Heidelberg, for his support in starting this project, and 
Mr. Dhanapal Palanisamy, for his help along the writing and finishing of the 
book. Mr. William Barne translated some of the German texts which were sup-
ported financially by Dr. Hans-Jürgen Thomae and Bauerfeind (Zeulenroda). 
This was an invaluable help to the project.

We wish to acknowledge all the patients who trusted us giving us the pos-
sibility to learn and become experienced, thereby providing the foundations 
of this book.

As an introduction to one of his lectures, Claude Franceschi once said that 
it is important to empty a truck before storing new cargo. In a similar way, we 
would like to invite our readers to open up a free space in their minds to make 
room for new ideas. We anticipate that they will profit from the contents and 
that the information of the book will enrichen their professional life, as 
venous-saving strategies did with ours.

Ferrara, Italy Paolo Zamboni
Wunstorf, Germany  Erika Mendoza
Ferrara, Italy  Sergio Gianesini
October 2017

Preface

The original version of this book was revised (plus a similar explanatory text of the prob-
lem as in erratum followed by). An erratum to this book can be found at https://doi.
org/10.1007/978-3-319-70638-2_3
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Historical Background 
and Rationale

Paolo Zamboni

1.1  Historical Background

To ablate or not to ablate the saphenous vein: this 
has been the question along the last five decades. 
However, during the 1980s the debate appeared 
solved in favour of the ablation for the following 
evidence:

• The studies of the Lofgren group performed at 
the Mayo Clinic, who compared high ligation 
vs. stripping, seemed undebatable [1, 2].

Moreover, stripping was considered the cor-
nerstone of chronic venous disease treatment, 
while whatever conservative treatment alone or 
in combination was taken into consideration only 
when saphenous ablation was withheld because 
of associated significant clinical problems.

• Although Quill [3] demonstrated the possibility 
of reversing sapheno-femoral refluxes with a 
correct combination of sclerotherapy and com-
pression, the first randomized clinical trial in the 
history of varicose veins, by comparing ablation 

to sclerotherapy, Hobbs strongly recommended 
stripping especially in the long run [4].

The only discussed arguments opposed to the 
ablation procedure were essentially the nerve 
injury complication as well as the loss of the best 
available graft material.

Munn performed an interesting double-blind 
controlled investigation reporting a significantly 
higher incidence of paraesthesia and pain follow-
ing stripping rather than sapheno-femoral junction 
ligation with incompetent tributary avulsion [5].

On a histological point of view, vein walls 
observed after extraction of varicose veins 
showed damages nobody could imagine recover-
ing a normal structure, if the pressure and flow 
rate inside the vein were restored.

The paradigm shift began with the ultrasound 
technological improvement at the end of the 
1980s. Particularly the possibility to couple in 
real time the information from Doppler haemo-
dynamics with that of vein anatomy widened our 
ability to get deeper knowledge of venous patho-
physiology. The introduction of colour-coded 
duplex ultrasound also opened out new questions 
related to the proper therapeutic strategies. Along 
the last two decades, the venous literature has 
been providing growing evidence supporting a 
saphenous sparing approach.

In 1988 Franceschi introduced CHIVA: the 
first structured saphenous sparing pathophysio-
logical interpretation, with a related diagnostic 

P. Zamboni, M.D.
School of Vascular Surgery and Vascular Diseases 
Center, University of Ferrara, Ferrara, Italy

Unit of Translational Surgery, AOU Ferrara,  
Ferrara, Italy
e-mail: zmp@unife.it
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protocol and classification of hemodynamic 
impairment, leading to an innovative concept of 
restoration rather than ablation of the same 
saphenous system [6].

1.1.1  Anatomy and Physiology

In the following years, further scientific evidence 
pointed out the multifocal origin of venous reflux, 
in opposition to the more traditional vision of a 
simple descending saphenous incompetence 
starting at the sapheno-femoral junction [7–10].

Van Bemmelen, Somjen and Cappelli demon-
strated that, despite a truncal saphenous reflux, 
almost 50% of the sapheno-femoral junctions are 
competent, thus requiring a more tailored proce-
dure compared to stripping [11–13].

Different anatomic investigations demonstrated 
that there is an ascending evolution in the saphe-
nous vein pathology, which is in contradiction to 
the classical convictions. Caggiati and Chastanet 
investigated cohorts of patients at different ages 
and compared the affection of tributaries and 
saphenous veins; Bernardini published a follow-up 
of non-treated patients with refluxive tributaries 
and partial refluxes in saphenous vein without 
affection of the sapheno-femoral junction. All three 
agreed to find that the younger patients had a lesser 
proportion in proximal affection of saphenous vein 
than the older ones; Bernardini could demonstrate 
an ascension in the parts of saphenous vein affected 
by reflux throughout the time [14–16].

1.1.2  Vein Wall Recovery

A mistaken belief was to consider the chronic 
pathology of the great saphenous vein as biologi-
cally irreversible in the course of primary chronic 
venous disease. This was a strong argument in 
favour of ablation, albeit was never proven.

On the contrary, already in 1990 the recovery 
of the vein wall elastic properties of the saphe-
nous vein only with compression stockings was 
demonstrated [17].

In 1996 Recek publishes results after crossec-
tomy and sclerotherapy of tributaries with reduc-

tion of calibre in saphenous veins and in 2000 
with diameter reduction in re-entry perforating 
veins [18, 19].

In 1999 Creton reported the possibility of sig-
nificantly reducing the great saphenous vein 
(GSV) calibre simply by ligating the incompetent 
tributaries [20].

Two years later, the possibility of restoring a 
great saphenous vein reflux by simple ligation of 
the incompetent tributaries was demonstrated by 
objective plethysmographic data [21]. Calibre 
reduction of great saphenous and also deep veins 
(common femoral vein) as well as plethysmo-
graphic improvement was also confirmed by 
Mendoza in 2011 (short-term) and 2013 (mid-
term) after CHIVA [22, 23].

One of the major arguments in favor of abla-
tion was represented by the biological impossi-
bility of the saphenous vein to recover the tissue 
damage. In contrast, quite recently, it has been 
seen that the elimination of the oscillatory com-
ponent of reflux allows both a reduction in the 
caliber and an improvement in the inflammatory 
profile of the venous endothelium. A demonstra-
tion that dismantles one of the major arguments 
against saphenous sparing surgery [24, 25].

1.1.3  Comparative Studies Between 
Ablative and Saphenous Vein 
Sparing Surgery

In 2003, in the first randomized trial between 
CHIVA and compression treatment, Zamboni 
proved the efficacy of sparing the saphenous 
trunk also in the most severe ulcer patients [26].

A first long-term randomized control trial was 
published by Carandina in 2008 demonstrating 
an odds ratio for recurrence at 10 years that 
almost doubled in stripping procedures compared 
to the saphenous sparing ones, analysing the 
recurrence sources in both groups [27].

In 2009, a new saphenous sparing theory was 
developed by Pittaluga and called ASVAL (ambu-
latory selective varicose vein ablation under local 
anaesthesia). According to the literature, ASVAL 
selective ablation of the incompetent tributaries 
is able to suppress saphenous reflux in more than 

P. Zamboni
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66% of cases at 4-year follow- up and 64% at 
10-year follow-up [28, 29].

In 2010 Pares confirmed the smaller recur-
rence rate of a saphenous sparing approach com-
pared to a traditional stripping with a 5-year 
follow-up [30].

A more practical case–control study gave the 
surgical indication to the treatment of the sapheno-
femoral junction or just of saphenous tributaries, 
as suggested by the first step of CHIVA 2 tech-
nique or ASVAL. Patients were assessed for the 
competence of the terminal valve of the GSV as 
proposed by Cappelli [11] and subsequently oper-
ated on simply detaching the incompetent tribu-
tary/tributaries from the GSV. The stratification of 
the results at 3 years revealed that the procedure is 
effective when it is performed in the presence of a 
competent terminal valve [31].

The results of the cited studies have confirmed 
and implemented the efficacy of a saphenous spar-
ing strategy, so leading to a Cochrane validation in 
2013 and to its confirmation in 2015 [32, 33].

Despite the renewed sparing surgery proposal, 
saphenous ablation became in the meantime more 
and more practiced thanks to the introduction of 
endovascular technology which permitted to mini-
mize the ablative procedure. Classic stripping pro-
cedure was rarely performed on ambulatory bases. 
The introduction of endovenous techniques, such as 
laser or radiofrequency ablation of the saphenous 
veins, permitted to transform ablative surgery into 
an office surgical procedure. Thermal and nonther-
mal and tumescent and non-tumescent procedures 
for treating the insufficient saphenous veins became 
the current gold standard treatment. In performing 
this procedure, often the surgical indication and a 
careful selection of cases through a meaningful 
ultrasound selection of cases are lacking. Only in 
the last years, data have been gathered and pub-
lished considering saphenous vein sparing surgery 
applying new endovenous technologies [34].

1.2  Rationale

Saphenous sparing rationale takes into consider-
ation the pressure gradient overload occurring in 
case of venous reflux.

The rationale of the strategy is the application of 
the laws of physics with the aim of restoring physi-
ological pressure gradients. This target can be 
reached by means of selective ligations (CHIVA, 
cure conservatrice et hémodynamique de 
l’Insuffisance veineuse en ambulatoire) after an 
accurate preoperative mapping guiding the treat-
ment of the specific leaking points or ablation of 
incompetent tributaries (ASVAL, ambulatory selec-
tive varicose vein ablation under local anaesthesia).

Evolution in medicine throughout the twenti-
eth century has undergone changes: First, large 
surgery was possible with implementation of 
good anaesthesia. Then proper imaging and 
screening methods allowed to discriminate and 
analyse which destruction could be avoided—
and even in the oncologic surgery, the tendency 
to spare organs is obvious, even though it was 
supposed to induce recidives—in oncological 
cases mortal ones! Surprisingly this tendency to 
save organs found no acceptance in the phlebo-
logical world, even though the recidives would 
not put the patients’ life at risk and even though 
studies demonstrated a reduction of recidives 
when organ saving.

A traditional reason to spare the saphenous 
trunk is to be found in its possible role as arterial 
bypass [35–41]. Moreover, vascular surgery is 
aimed to repair the vessels and/or restore the flow, 
something philosophically different from ablation.

At the same time, sparing the saphenous trunk 
leaves a potential flow route in case of thrombotic 
occlusion of the deep system.

Last but not least, saphenous sparing preserves 
a main conduit for tissue drainage: a hemody-
namic scenario that is considered as the basis for 
reducing the recurrence onset [32, 33].
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Functional Anatomy of Leg Veins

Sergio Gianesini, Paolo Zamboni, and Erika Mendoza

2.1  Introduction

Lower limb venous anatomy knowledge is not 
necessary just for getting oriented inside the 
drainage routes. Rather it is fundamental for a 
proper comprehension of the architecture which 
influences haemodynamics law application.

Communicating vessel principle, Venturi’s 
effect and Poiseuille law are just some of the 
many fundamentals in venous return determi-
nants, all influenced by anatomy parameters like 
valve density, vessel calibre and length.

Moreover, the anatomical relationship among 
veins and muscle masses strictly influences the 
systolic push effect on the same vessels, so deter-
mining a velocity and pressure gradient moving 
from the most superficial towards the deepest 
compartments.

In conclusion, lower limb venous anatomy 
knowledge is necessary since itself is a determi-
nant of the venous return pathophysiology.

Anatomy of leg veins is complex and described 
in various textbooks, to which we refer the inter-
ested reader (see Literature at the end of the chap-
ter) [1–3]. In this chapter, the focus lays on those 
information concerning deep and superficial veins 
which are relevant to the non-ablating treatment 
of the saphenous veins. A detailed anatomical 
information necessary for the superficial vein 
exploration is included in Chap. 4, Ultrasound.

The venous system has been classically 
divided into two distinct parts. On the one hand, 
we find the superficial system which courses 
superficially to the muscular fascia and is respon-
sible for carrying the blood away from the subcu-
taneous tissue and, on the other hand, the deep or 
subfascial system which is responsible for drain-
ing the muscles and bones. These two systems 
are separated anatomically by the muscle fascia. 
Both systems are connected by perforating veins.

Since the upcoming of duplex ultrasound 
devices and the new investigation possibilities of 
leg veins, the anatomical division of superficial 
leg veins into saphenous veins running between 
the muscular fascia and the saphenous fascia and 
epifascial veins was rediscovered [4]. Franceschi 
first described three different networks: “N1” for 
the deep veins, “N2” for the interfascial veins 
(saphenous veins) and “N3” for the epifascial 
veins [5]. Zamboni described the saphenous 
compartment in 1997 [6, 7], and Caggiati and 
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Ricci investigated in corpses and ultrasound the 
relationships of saphenous veins and fasciae [8–
12], and finally the fascia saphena and the saphe-
nous compartment found their way into the 
nomenclatura anatomica [13].

The leg veins are furnitured with valves. These 
are thin connective tissue structures adherent to 
the vein wall and allowing blood flow only in 
direction to the heart, which mostly means from 
the foot to the groin.

2.2  Anatomical Compartments

In the description of the lower limb venous anat-
omy, three different compartments can be identi-
fied, based on their relationship to the muscular 
fascia: below the fascia, in-between the fascia 
layers and above the fascia [2, 6, 7, 13–15].

The deep anatomical compartment (N1) is 
located below the muscular fascia and includes 
the deep venous systems vessels (femoral, popli-
teal, soleal, gastrocnemial and tibial veins).

The saphenous system represents a separate 
anatomical compartment (N2), between the mus-
cular and the saphenous fascia layers. The inter-
fascial compartment (N2) includes the great 
saphenous vein (GSV), the small saphenous vein 
(SSV) and the interfascial segments of the ante-
rior accessory saphenous vein (AASV) and 
Giacomini vein.

The third anatomical compartment (N3) is 
represented by the tributary system, between the 
fascia and the skin, being constituted by the veins 
surrounded just by subcutaneous fat.

More than 60 perforating veins connect the 
three anatomical compartments at the thigh, 5 at 
the knee level, 55 at the calf level and 28 at the 
foot level, by perforating the muscular fascia, so 
presenting interconnections for pressure gradient 
development and consequent drainage propul-
sion towards the heart [16, 17].

The anatomical nomenclature used through-
out the book follows international convention. 
The saphenous trunks are the “great saphenous 
vein” (GSV) (Latin: V. saphena magna) and the 
“small saphenous vein” (SSV) (Latin: V. saphena 
parva). In international use, the accessory veins 
are called anterior, superficial and posterior 
accessory saphenous veins [13].

2.2.1  Muscular Compartment

The function of our legs is deambulation. Most 
of the leg mass is composed of bones and mus-
cles, covered by the muscular fascia, which is 
embryologically derived from the mesodermal 
structures. In this compartment, we find the deep 
veins, as well as the intramuscular parts of the 
perforating veins. Even though veins do not have 
an own pump (like the heart) to drive the blood 
forwards, deep veins are directly influenced by 
the adjacent muscles in a way that expel the 
blood in direction to the heart with help of the 
valves.

The deep venous system consists of veins 
which run inside the muscle fascia (See Fig. 
2.1). These are the:

At the calf

 – Muscle veins inside the calf muscles
 – Three calf veins, namely, the anterior and pos-

terior tibial veins and peroneal veins

All these veins join at the knee level into the

 – Popliteal vein

At the thigh

 – Femoral vein (prolongation of the popliteal 
vein and formerly called superficial femoral 
vein)

 – Deep femoral vein
 – Common femoral vein (prolongation of the 

femoral vein after its junction with the deep 
femoral vein)

Along the leg, we find

 – Deep parts of the numerous perforating veins

The wrapping of the saphenous vein in the 
fascial compartment is of fundamental 
importance in the venous sparing surgery.

S. Gianesini et al.
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The deep veins of the leg accompany the arteries 
of the same name and are generally paired in the calf.

For further information, we recommend text-
books on venous anatomy (Fig. 2.1).

2.2.2  Epifascial Compartment

The functions of the skin and subcutaneous tissue 
are mainly two:

• Protection from external (biological, like 
bacteria or virus) as well as chemical 

( substances that would harm the body) 
aggressions

• Protection from heat and cold

The first function is provided by the skin, 
helped by the blood supply with antimicrobial 
cells (leucocytes). The second function is pro-
vided by the fatty tissue and a well-organized 
perfusion with blood in capillaries, able to reg-
ulate the temperature of the skin and thus the 
heat loss or the protection against cold environ-
ment. For this function, the subcutaneous tis-
sue has a wide net of capillaries interconnected, 
drained by reticular veins. These run without 
any systematization in the fatty tissue, joining 
to other reticular veins and forming tributaries, 
which are defined as veins with diameters over 
3  mm. Some of these are very constant and 
have their own names (arch veins, accessory 
veins).

The subcutaneous tissue is constructed around 
a skeleton of connective tissue, which is filled 
with fat (see Fig. 2.2). The external limit of the 
epifascial compartment is the skin. On  ultrasound, 
this connective tissue is visible as white, echo-
genic layers which blend irregularly into the grey 
fat tissue in widely differing patterns (see 
Fig. 2.3a). In the deeper zone of the subcutaneous 
tissue, the connective tissue fibres thicken to 
form a membrane which usually lies directly on 
the muscle fascia and conforms the internal limit 
of the subcutaneous tissue.

In varicose disease, the varicose veins visible 
by the eye are the tributaries, which are the opti-
cally bothering aspect of the illness and often the 
reason for the patient to have a consultation. For 
many years, they never have been investigated or 
suspected to play any important role in the illness. 
Only in the last years, the role of the tributaries 
has come into focus: ASVAL is based on the role 
of tributaries as venous reservoir (see Chap. 12). 
Flow velocity investigations made it obvious that 
these veins play an important role (see Sect. 2.3). 
They also have valves and microvalves. In case of 
advanced chronic venous insufficiency, tributar-
ies perform morphologic changes like demon-
strated by Vincent—these changes being possibly 
responsible for the skin damage [19].
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Fig. 2.1 Anatomy of the deep and superficial vein systems 
of the leg: (1) external iliac vein, (2) internal iliac vein, (3) 
inguinal ligament, (4) common femoral vein, (5) femoral 
vein (formerly superficial), (6) deep femoral vein, (7) great 
saphenous vein, (8) small saphenous vein, (9) popliteal vein, 
(10) perforating veins, (11) superficial communicating vein, 
(12) anterior tibial vein, (13) posterior tibial vein, (14) pero-
neal vein. With permission by [18]
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2.2.3  The Fascial Compartment 
of the Saphenous Veins

We have seen that the deep compartment is 
responsible for deambulation and standing posi-
tion, the superficial compartment for temperature 
homeostasis, and defence from chemical and bio-
logical aggressors. The third compartment of the 
leg (saphenous compartment) has the very impor-
tant function to wrap the saphenous veins, which 
serve as the main drainage pathway for the blood 
from the subcutaneous compartment.

The saphenous compartment is composed of 
the muscle fascia, as limit between the deep 
and superficial venous system and the saphe-
nous fascia, which is a part of the membranous 
layer. Embryologically the muscle fascia origi-
nates from the mesodermal structures and the 

membranous layer from the ectodermal 
structures.

The muscle fascia and the membranous layer 
form a structural unit of connective tissue sepa-
rating the muscle from the subcutaneous fatty tis-
sue. In some parts of the leg, the two fasciae 
separate to form a tunnel for the veins and their 
accompanying arteries, nerves and lymphatic 
vessels. This tunnel is called the compartment 
of the great and small saphenous veins. In the 
upper part of the leg, it also contains the acces-
sory saphenous veins, and it might be present at 
the posterior part of the leg along the way of the 
thigh extension of the small saphenous vein [13].

The membranous layer along the saphenous 
veins is seen as a white layer on ultrasound and 
can be distinguished easily from the surrounding 
echo-poor fat and muscle fascia. The characteris-
tic ultrasound image of the saphenous veins 
between the two fasciae led to the description of 
the saphenous eye  [20] (Fig. 2.3b).

In transverse view in ultrasound, two echo-
genic connective tissue streaks are visible which 
appear to anchor both sides of the saphenous 
trunks. They connect the adventitia of the saphe-
nous vein, run relatively parallel to the membra-
nous layer and the muscle fascia and finally 
merge into them (white arrows in Fig. 2.4).

The envelopment of the saphenous veins by 
the saphenous compartment between the mem-
branous layer (saphenous fascia) and the muscle 
fascia, and their anchorage by the saphenous lig-
ament, appears to be responsible for the lack of 
tortuosity observed when the saphenous veins 
become refluxive and dilated. This is in direct 
contrast to the behaviour of their refluxing tribu-
taries. It might be also responsible for the retoni-
sation observed in saphenous veins after reducing 
the volume overload, e.g. with saphenous vein 
sparing surgical principles.

2.2.4  Schematic Representation 
of Venous Networks

Throughout this book, we will use pictures to 
explain the different aspects of saphenous vein 

a

b

Fig. 2.2 (a) Section through the thigh in an anatomical 
preparation demonstrating layers of connective tissue 
separating cushions of fat around the great saphenous 
vein. (b) Sketch depicting the anatomical section with the 
muscle fascia and immediately above it the great saphe-
nous vein in the fascial compartment. A connecting tribu-
tary is seen in the subcutaneous fatty tissue (Prof. 
A. Caggiati, Rome; by kind permission)

S. Gianesini et al.
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sparing strategies. They are based on the three 
networks and always kept as simple as possible to 
allow a better understanding. The deep veins 
(N1) are represented in dark blue as a line – one 
line representing all the deep veins as a system. 
In case the deep vein system has a special aspect, 
obviously, this can be implemented in the draw-
ing, adding another line in dark blue to the deep 
veins. The saphenous veins (N2) are represented 
in light blue, also as only one line indwelling to 
the deep vein at the level of the junctions (see 
Fig. 2.5a). Giacomini vein and anterior accessory 
saphenous vein are only painted if directly 
involved in the pathology or haemodynamic 

situation (see Fig.  2.5b). Tributaries (N3) are 
only represented in case of pathology. In a tribu-
tary necessary for a drainage, it will be repre-
sented in orange. Refluxive vessels, independently 
of the level, are represented in red. Arrows next to 
the image indicate the main flow direction in the 
vessel (see Fig. 2.5c).

As the image is constant, the description of 
deep veins, great saphenous vein, small saphe-
nous vein, Giacomini vein, etc. is not always 
represented to improve the comprehension of 
images. One “master” image with nomencla-
ture will be displayed at the start of each 
chapter

a b

Fig. 2.3 (a) Transverse view through the thigh showing 
the great saphenous vein. (b) Overlay highlighting the 
“saphenous eye” where the upper lid is the saphenous fas-
cia and the lower lid is the muscle fascia, and the iris is the 

great saphenous vein. In the upper half of both images, the 
structure of the lax subcutaneous connective tissue is visu-
alized as white pattern in the grey fatty tissue. With kind 
permission by [21]

2 Functional Anatomy of Leg Veins
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2.3  Hierarchical Order 
of Emptying

Normal blood flow is from the most distal lower 
extremity towards the heart and from the most 
superficial (N3) towards the deepest compart-
ments (N2 and N1).

All the three networks are connected by perfo-
rating veins, physiologically draining from N3 
and N2 to N1 (see Fig.  2.6). Schematically the 
order of draining can be represented as follows: 
N3–N2–N1. Whatever subversion of this hierar-
chical order of the venous networks, emptying 
can be considered as pathological. It would be 
represented as N1–N2–N3–N1 in the case of the 
reflux situation represented in Fig. 2.5c, d.

The above statement that even a reflux from a 
vein in N2 (saphenous vein) to a vein in N3 (trib-
utary) represents a reflux with subversion of the 
physiological hierarchical order of the venous 
network emptying challenges the traditional view 
of superficial and deep venous reflux. N2 and N3 
venous networks were traditionally considered 
the “superficial system”. No anatomical and 
functional differences were contemplated if 
reflux flows backwards in one or both of N2 and 
N3 compartments [22].

2.3.1  Anatomical Aspects 
of the Venous Drainage

The anatomical features of the different compart-
ments influence their haemodynamics:

The deep venous system, N1, is surrounded by 
the muscle, thus protected by excessive dilation 
and directly influenced by the pressure gradient 
that follows the muscle contraction and relax-
ation. In analogy to the heart contraction and 
relaxation, the leg muscle contraction exerts the 
function of a systole on the leg venous system, 
ejecting the blood back to the heart against gravi-
tational forces. During leg muscle relaxation, the 
filling phase of the deep veins is allowed. For this 
reason, the leg muscular contraction is called sys-
tole and the leg muscular relaxation diastole of 
venous flow.

The saphenous or interfascial system, N2, is 
directly linked to the muscle mass by its laying on 
top of the muscle fascia, anchored to it with the 
saphenous ligament and covered by the saphe-
nous fascia, which is firmly fixed to the muscular 
fascia on the edges of the compartment.

This feature indirectly transmits the muscular 
movements, the pressure during contraction and the 
fascial tone to the saphenous network, even if in a 
lower grade compared to the deep venous system.

At the same time, the two fascia layers wrap 
the saphenous system like a natural elastic stock-
ing, limiting its excessive dilation under venous 
hypertension conditions and so impeding a tortu-
osity like the one observed in varicose 
tributaries.

Tributary veins of the N3 run outside the mus-
cular fascia, surrounded just by subcutaneous fat, 
thus unprotected by neither muscular nor fascial 
structure. In this anatomical district, muscular 
systole and diastole have its minimum effect, 
while pressure gradients can exert their full action.

Tributaries do not seem to follow a precise 
anatomical structure. Apart from draining either 
into a saphenous vein or a perforator, they 
branch like a tree or they form networks. So, 
they can be structured according to the level of 
subdivision and named as first generation (the 
nearest to the saphenous vein), second genera-
tion after the first branching and third 

Fig. 2.4 Transverse view through the inner part of the 
thigh in an obese patient showing the great saphenous vein 
within its fascial compartment surrounded by fat. The 
arrows demonstrate the saphenous ligament. With kind 
permission by [21]
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Fig. 2.5 Schematic representation of venous networks. 
(a) Deep veins (N1) and saphenous veins (N2), arrows 
indicating orthograde emptying of the veins. GSV great 
saphenous vein, SSV small saphenous vein, SFJ sapheno- 
femoral junction, SPJ sapheno-popliteal junction. (b) 
Same representation including (a) Giacomini vein and 
accessory anterior saphenous vein (AASV). (c) 
Representation of a refluxive sapheno-femoral junction 
with reflux in the great saphenous vein until mid-thigh, 
emptying into a tributary. This tributary drains through a 

perforator into the deep veins at the calf level. Note that in 
this representation the perforator line is crossing over the 
distal, sufficient saphenous vein. (d) To avoid lines cross-
ing, perforators are represented as dots at the level of their 
drainage. Same image as c, the perforator line was replaced 
by a dot. As the perforator is draining the blood to the deep 
vein—that means the flow direction is orthograde—the dot 
is represented in blue. In case the perforator was refluxive, 
the dot would be represented in red. With kind permission 
by [21]
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generation after the next level of branching. 
Although this point of view is incorrect from the 
anatomical hierarchy, where the origin of the 
vein starts at the capillary level and follows the 
natural flow from the blood from distal to proxi-
mal, in phlebology often the veins are seen as 
refluxing pathways, so the first generation is the 
one “at the anatomic end” of the tributary, the 
one next to the saphenous vein or the perforator. 
Microvalves could be detected until the sixth 
generation of veins [19].

The anatomy-based consensus document has 
divided the superficial veins into tributaries (over 
3  mm diameter) and reticular veins (less than 
3 mm diameter) [13]. Reticular veins have a pro-
file and are palpable, whereas thread veins or tel-
angiectasia is only visible through the skin. 
Usually epifascial veins of the medial part or the 
thigh and leg and the dorsal part of the calf drain 
into the great and small saphenous veins, respec-
tively, and are therefore called tributaries of these 
veins. The epifascial veins of the lateral aspect of 
the leg have no major vein to drain in and are 
called lateral plexus of the leg [13].

2.3.2  Blood Flow in the Different 
Compartments

Venous flow and reflux is the base of venous 
pathology. Surprisingly only little data existed 
concerning flow velocity in healthy veins, and 
these only consider large veins [23–26]. A recent 
detailed investigation reported velocity values 
inside all three anatomical compartments. An 
increasing velocity gradient was demonstrated 
moving from the most superficial towards the 
deepest compartment [27]. The time average 
velocity in the tributaries ranged between 5 and 
9  cm/s, depending on the manoeuvre. In the 
saphenous veins, the velocity had values between 
12 and 18 cm/s depending on the measuring point 
and the manoeuvre; in the posterior tibial vein, 
values between 15 and 18 cm/s were found. The 
deep venous system segments between the popli-
teal vein and the external iliac vein displayed val-
ues between 32 and 42 cm/s.

Comparing the flow velocities in each com-
partment, the femoral vein, popliteal vein, pos-
terior tibial vein and short saphenous vein 
present significantly different velocity values 
compared to the other vessels of the same ana-
tomical network. This feature requires further 
investigation. Possible explanations could be 
the fact that the posterior tibial vein is the only 
segment that was evaluated in the above 
reported analysis to be located above the plan-
tar pump and below the calf pump. Moreover, 
posterior tibial vein is a usually duplicated ves-
sel, in contrast to the other deep veins investi-
gated [2, 28, 29].

The short saphenous vein presents a wide vari-
ability of anatomical junctions with the deep sys-
tem: a fact that could influence its haemodynamics 
and blood flow velocity [30].

Femoral vein and popliteal vein belong to an 
intriguing anatomical site, whose valve presence 
and location variability could represent a clue for 
this result explanation [31, 32].

In fact, together with their anatomical variable 
distribution, valvular regions present potential 
confounding factors in the haemodynamics anal-
ysis, also due to the flow acceleration through the 
leaflet tract narrowing and to the valvular pocket 
turbulence [33, 34].

N2 N1 N2 N3

Fig. 2.6 Schematic representation of the hierarchical 
order of emptying. N3 (tributaries) drain into N2 (saphe-
nous veins), and these drain into the deep veins (N1). With 
kind permission by [21] 
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Independently by these considerations and 
different values between a compartment, the dif-
ferent anatomical venous networks result to be 
associated with different velocity values, which 
follow the drainage hierarchical order and are 
less in the tributaries and highest in the deep 
veins. The phenomenon introduces the possible 
aspiration effect from the slowest towards the 
fastest vessel, according to Venturi’s effect.

Castelli’s law (see also Sect. 3.1.3) states that 
the sum of the different vessel sections multiplied 
for the sum of the corresponding velocities is 
constant in a branching and closed tube system 
(see Fig. 2.5). For this reason, it will be manda-
tory to find out a way to assess not just a single 
vein segment of each network, rather the sum of 
all the different vessels that are localized inside 
the same compartment. The model will be more 
difficult, since at one level of the leg, different 
compartments are coexisting and interconnected. 
So, the number of vessels of every compartment 
must be adapted to the level of the leg considered 
(see Fig. 2.5c).

Interestingly, in case of superficial venous 
reflux, the velocity gradient is subverted, thus 
presenting a higher velocity in the incompetent 
tributary rather than in the saphenous trunk feed-
ing the incompetent tributary. Further investiga-
tion on this topic is ongoing (Fig. 2.7).

Such kinetics component subversion leads to a 
lateral pressure drop and a potential Venturi’s 
effect of aspiration from the saphenous system 
towards the incompetent varicose vein. This 
could be the fundament of the centripetal reflux 
propagation found by different authors [35–37].

Tributary to give an idea of the complexity.

a

b

Fig. 2.7 Castelli’s law application in the lower limb 
venous system: the product among the vessel section and 
the velocity inside it is a constant. In models of the venous 
system, it is fundamental to consider the sum up of all the 
sections belonging to the same anatomical compartments. 
Elementary models represented in Figs.  2.5 and 2.6 are 
mostly used, taking into consideration only single vessels 
inside the compartment. (a) More complex models are 
needed, evaluating the sum up of all the sections inside a 
specific anatomical compartment, like here, where all the 
deep veins are depicted, as well as the branching of one 
tributary to give an idea of the complexity. (b) Model of 
the section of the veins of each compartment, to be multi-
plied with the velocity in each vessel. With kind permis-
sion by [21]

Whenever considering velocity as guiding 
parameter for the venous network interpre-
tation, it must be stated that a fundamental 
bias can rise by the same data acquisition 
tool. Even modern linear probes use large 
Doppler apertures to perform a proper 
beam steering and depth penetration. 
Consequently, these large apertures create 
a spectral spread that is unrelated to the 
blood cell velocity. The phenomenon is 
called intrinsic spectral broadening, and it 
occurs more or less in all the transducers, 
causing value overestimation [38, 39].

Recently, interesting technical instru-
mental innovations are offering the solu-
tion for a more precise assessment, paving 
the way for a more significant collection of 
data, also in settings that are like the ones 
herein presented [40–42].
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2.4  Perforator Anatomy 
and Pathophysiological 
Significance

About 150 perforating veins could be found in 
anatomical studies of the legs [17]. Perforating 
veins are a group of a variable number of vessels 
(from 60 to more than 140) connecting the super-
ficial (N2 and N3) and the deep lower limb 
venous system  [17]. These vessels pierce the fas-
cia and run in-between the muscular masses, 
almost always accompanied by a satellite artery. 
Functionally they play an important role, and 
surely the last word is not yet spoken about their 
implications in pressure balancing of the superfi-
cial and deep system, as well as evolution of vari-
cose vein disease.

A comprehension of anatomic and functional 
aspects is important for the preoperative diagnos-
tics in venous sparing surgery, which will be pre-
sented here and in the chapter for physiology 
(Chap. 3). Diagnostic aspects and their distribu-
tion along the leg are presented in Chap. 4.

2.4.1  Classification and Anatomy 
of Perforating Veins

Different classifications are described, without 
having been included in any anatomical consen-
sus [2, 13].

Perforators depending on the compartment 
linked:

• N2–N1: Direct perforators link the saphenous 
system (N2) with the deep network (N1) (not 
to frequent).

• N3–N1: Indirect perforators are more frequent 
and link the subcutaneous veins (N3) with the 
corresponding vessel below the fascia (N1) by 
means of numerous scattered channels of 
communication.

Perforators depending on their path through 
the muscles:

• Direct perforators perforate the muscle fascia 
and course along intermuscular septa to reach 
deep axial veins.

• Indirect perforators are those which penetrate 
the muscle mass, to drain into intramuscular 
veins.

Perforating veins have been also discrimi-
nated according to their course with respect to the 
deep fascia in:

• Perpendicular when piercing the fascia in a 
right angle and running straight to the deep 
vein, also called direct or vertical perforators. 
Examples are Bassi, soleus perforating vein 
and Cockett (24 cm).

• Oblique or flexible if the course is not rectilin-
eous. This form is the most often found in the 
leg.

A consensus about which classification should 
be applied uniformly is not yet found (personal 
information Prof. Caggiati, Rome).

From the haemodynamic point of view con-
cerning venous sparing surgery, the differentia-
tion after which anatomical compartment is 
linked seems to be the most interesting one. The 
pathology is different, if the reflux starts or ends 
in the saphenous vein (N2–N1) via a “direct” per-
forator or if the “indirect” perforator links the 
deep venous system (N1) with a tributary (N3). 
To keep it clear, throughout the book the veins 
connected by the perforators will always be 
mentioned.

We find direct perforators draining the great 
saphenous vein into the posterior tibial veins at 
the calf (paratibial perforators), seldom at the 
thigh, sometimes Hunter or Dodd, perforators of 
the medial thigh. The small saphenous vein 
shows two typical direct perforators, Bassi at 
the ankle level and May or soleus perforating 
vein in the middle third of the small saphenous 
vein. Further anatomical information about how 
to explore perforating veins is to be found in 
Sect. 4.7.

Anatomical studies show that perforating 
veins, particularly if of small calibres, are usually 
valveless or endowed with rudimental valves 
[43–45]. It is the combination of the valves and 
the muscles acting on the perforating vein, which 
results in the competence of the vein during 
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muscular systole. At the calf level, pressure val-
ues up to 250 mmHg are achieved by muscle con-
traction (systole). No single valve would resist 
the pressure. Perforating veins often have an 
“S”-form way through the muscles until reaching 
the deep vein (see Sect. 4.7). This induces a com-
pression of the perforating vein between the mus-
cles during muscular systole, closing the lumen 
completely and avoiding a pathologic compart-
ment change (reflux from deep vein N1 to super-
ficial vein N2 or N3).

The large number of perforating veins sug-
gests the importance of not considering just the 
single perforator in the haemodynamic role, 
rather the entireness of the perforating veins, of 
both small and large calibres, as multiple vessels 
connecting the deep and superficial 
compartments.

2.4.2  Flow Direction Through 
Perforating Veins

Direction of flow in perforating veins has started 
to be investigated after the upcoming of ultra-
sound. Prior to this era, every dilated perforator 
was defined as incompetent. This is a tendency 
still observed today among many phlebologists.

Already in 1992 investigations pointed out the 
presence of bidirectional flow in perforators, with 
an inward and outward orientation, so introduc-
ing the perforating veins’ role as pressure equal-
izers among the deep and superficial veins. Sarin 
found that under distal compression (correspond-
ing to systole), 21% of the medial calf perforators 
in limbs without superficial venous reflux reacted 
with outward flow, whereas during the relaxation 
phase (corresponding to the diastole), only legs 
with superficial venous reflux presented flow of 
any direction in 33–44% and none of the legs 
with no epifascial reflux [46]. During systole, an 
outward flow is pressure regulating, during dias-
tole an outward flow is a sign of deep venous 
insufficiency, and an inward flow is a sign of 
superficial venous reflux draining through these 
perforators [47].

Since reflux duration in superficial veins was 
defined as pathologic above 500  ms, also in 

perforating veins, this value was adopted [48]. In 
the first measurement, inflow and outflow through 
the valves were evaluated independently of the 
systole or diastole phase of the provocation 
manoeuvre.

The correlation among the increased number 
of dilated and incompetent perforating veins and 
chronic venous disease severity testifies the hae-
modynamic role of these vessels, for which a 
dedicated, yet controversial, treatment has been 
proposed along the last decades [49, 50].

Even though the duplex techniques were get-
ting better and the comprehension about inward 
flow and outward flow through perforators was 
described, any perforator with a flow lasting lon-
ger than 0.5  s was determined as incompetent 
perforator [51].

This was the reason why Delis reported a 
higher prevalence of perforating vein incompe-
tence in the leg rather than in the thigh [49]. For 
sure the prevalence of dilated perforating veins is 
higher at the calf.

Since many years representants of saphenous 
vein sparing surgery claim that dilated perforat-
ing veins at the calf are mostly the re-entry path-
way for the refluxive blood, rather than primary 
incompetent pathways. Also, some investigations 
measuring diameters of perforating veins after 
simple crossectomy and sclerotherapy of proxi-
mal saphenous veins confirmed that the diameter 
of perforating veins at the calf was significantly 
reduced [52].

Incompetent perforating veins feeding the 
refluxive saphenous vein (N1–N2) or the tributar-
ies (N1–N3) are most often located at the thigh. 
On the contrary, draining perforating pathways 
N2–N1 or N3–N1 are mostly located at the calf 
[3, 16, 53] (see Sect. 3.4.1).

Large discussions have been held on the topic. 
The UIP consensus document on haemodynam-
ics [14] summarizes as follows: “Most phlebolo-
gists now consider that thigh and calf perforating 
veins have a different hemodynamic behaviour. 
Thigh perforating veins are connected with the 
higher pole of the ambulatory pressure gradient; 
they become the source of reflux if incompetent 
and represent a pathological condition. In con-
trast to that, calf perforating veins are connected 
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with the lower pole of the ambulatory pressure 
gradient and in the presence of normal deep veins 
IPVs are unlikely to be the source of the patho-
logical refluxing flow, even if enlarged (IPV = 
incompetent perforating veins).”

So, the international phlebology community 
has changed their point of view – also those per-
forming ablative techniques. Upcoming new 
techniques (see background information) are giv-
ing the opportunity to exactly measure the net in- 
and outflow through a perforating vein, giving 
the possibility to gather evidence-based informa-
tion for a future consensus.

In conclusion, rather than being just draining 
routes from the superficial towards the deep sys-
tem, perforating veins can serve as pressure over-
load dissipators, draining the blood from the 
compartment at higher pressure towards the one 
at lowest values in healthy and in varicose vein 
legs. A typical example is the muscular systole of 
the calf, significantly increasing the pressure in 
the deep venous system, forcing the blood to 
move upwards but also laterally towards the 
saphenous system through a perforating vein 
without pathological implication. Perforating 
veins represent the best example of interaction 
among anatomical localization, structure and 
function in the contest of the intriguing topic of 
venous haemodynamics.

2.4.3  Perforating Veins 
as Equalizers Between 
the Compartments

During an investigation about the reflux dura-
tion in incompetent great saphenous veins and 
their calf tributaries, the simultaneous ending of 
reflux at the thigh and calf was demonstrated, 
independently of the fact that the reflux changed 
the compartment from N2 to N3 (from saphe-
nous vein to tributary) in some of the patients or 
had an interfascial course from the groin to the 
mid-calf region in the saphenous vein [54]. 
Interestingly during this refluxing phase after 
standing up from recumbent position, no flow 
was detected at the popliteal vein, which could 
have been expected, if the superficial and deep 
veins were considered as non-compliant, rigid, 
interconnected tubes.

Shortly after the reflux cessation in the super-
ficial vein and with a delay of 1–4 s, the ortho-
grade flow in the popliteal vein started 
(non-published data). This leads to an interesting 
interpretation: Reflux in the superficial veins (N2 
and N3) is possible as long as the pressure in the 
calf muscle capacitance veins filled through the 
perforators with the refluxing blood is lesser than 
the one in the saphenous vein. After the pressure 
equalizes, the reflux stops. Then it takes a little 
time, in which the pressure of the deep calf veins 
is increased by the arterial inflow until finally the 
pressure in the calf is higher than the one in the 
deep veins of the thigh provoking an orthograde 
emptying of blood of the calf veins through the 
popliteal vein. This illustrates the interconnec-
tion and teamwork of all three compartments, 
valves and muscles even in pathological 
circumstances.

2.4.4  Clinical and Therapeutical 
Implications of Incompetent 
Perforating Veins

There is still a huge lack of consensus and evi-
dence concerning the diagnostics and the treat-
ment implications of perforating veins. Coming 
from the radical ablative surgery with 

Recent ultrasound investigations allow to 
assess the net flow direction in a vessel. 
This can be applied to the saphenous veins 
as well as to the perforating veins. Figure 
2.8 shows an evaluation of flow in these 
vessels.

This investigation could demonstrate 
the years-long defended hypothesis of 
venous sparing philosophy:

There is a lack of overlapping among 
the traditional incompetence definition 
(diastolic outward flow lasting more than 
500 ms) and the net flow direction.
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extraction of every refluxive superficial venous 
segment, as well as interruption of every dilated 
perforator detectable in the leg in the last cen-
tury, even applying subfascial dissectors to per-
form this in a more radical way, things have 
changed until today, also in the ablative 
surgery:

According to the guidelines, elective treat-
ment of incompetent perforating veins is not rec-
ommended in patients with simple varicose veins 
(CEAP C2) (Grade 1B). This means dilated per-
forating veins themselves were not to be inter-
rupted, when treating varicose veins in CEAP 
Class C2. A perforating vein can be treated 

a b

c d

Fig. 2.8 Net flow analysis in a perforating vein: (a) 
Colour Doppler analysis showing the entire perforating 
vein flow moving away from the transducer (coded in 
blue) during diastole and (b) in red the flow towards the 
transducer during systole. (c) Pulsed wave spectral analy-
sis reporting the flow inside the single spot of the perforat-
ing vein covered by the sample volume, displaying a little 
amount of outward flow (during systole) followed by a 
long-lasting inward flow (during diastole). (d) Great 

saphenous vein (GSV) and perforating vein (PV) net flow 
direction assessment by innovative softwares, showing the 
prevalent drainage direction of the entire perforating vein. 
Based on the localization of the curve on the baseline, it is 
possible to detect a net outward (right side of the baseline) 
or inward (left side of the baseline) flow. In this case it 
could be demonstrated that the great saphenous vein had a 
net reflux (right of the line) and the perforating vein a net 
inward flow (left of the line). Copyright: Sergio Gianesini
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whenever presenting an outward flow lasting 
≥500  ms, a diameter of at least 3.5  mm and a 
localization beneath a healed or open venous 
ulcer (Grade 2B) [55].

2.5  Venous Valves

The efficient functioning of the venous system 
depends upon the competence of valves. This thin 
endothelium-lined structures are so constructed as 
to support the venous return to the heart against 
action of gravity. Venous valves occur in many 
veins, both small and large, that conduct blood 
flow against the gravity. They prevent the back-
flow of blood from the heart. There are papers 
describing the anatomy of valve system of differ-
ent anatomical district’s veins  [56, 57].

One important valve complex is the one 
located in the sapheno-femoral junction. Two 
main valves have been described at this posi-
tion: the terminal valve at the junction outlet, 
which regulates the flow from the great saphe-
nous vein to the femoral vein, and the pretermi-
nal valve, which is found in the saphenous arch, 
approximately 5–6 cm from the junction, located 
below the outlet of the main sapheno-femoral 
junction tributaries. While, in older anatomy 
studies, the terminal valve is almost constant 
being present in about 99% of individuals, the 
preterminal valve is present in 93–95% of the 
population [56–58]. In a more recent publica-
tion, the terminal valve was found only in about 
70% of patients and the preterminal valve in 
about 90% of cases [59].

The valve leaflets are tiny, semilunar, 
pocket- like flaps formed by local folding of the 
intima. Each valve is usually composed of two 
leaflets positioned opposite each other, with 
their free edges directed towards the heart. 
When blood passes throughout the lumen 
between the leaflets, they flatten out against the 
wall of the vein. When blood begins to regurgi-
tate, the pocket fills up, causing contact of the 
two leaflets and resulting in closing of the 
lumen of the vein.

2.6  Histology of the Venous Wall

2.6.1  Histology of the  
Saphenous Veins 
and Epifascial Branches

Like the arteries, the larger veins consist of three 
layers [60]. From inside to outside, they are the 
intima, media and adventitia. The intima is coated 
with an endothelium where the cells are orien-
tated longitudinally and in direct contact with the 
blood. The valve cusps develop from horizontally 
orientated endothelial cells which arise from the 
intima in both the deep veins and the saphenous 
trunks.

Histologically, the saphenous trunks (N2) can 
be differentiated from the tributaries (epifascial 
branches, N3). The saphenous trunks consist of 
smooth muscle cells in all three layers of the vein 
wall. They are orientated longitudinally in the 
intima and adventitia with a circular orientation 
in the media. The thickness of the wall reduces 
from the foot upwards. There is a higher collagen 
content and a higher number of muscle cells in all 
three layers at the foot. These muscles are respon-
sible for the fact that the saphenous vein is appro-
priate as arterial bypass material. And possibly 
they are also the reason why saphenous veins can 
reduce their diameter, which means to undergo 
“retonisation” after saphenous vein sparing 
surgery.

The adventitia of the saphenous vein contains 
very small supply vessels called vasa vasorum as 
well as terminal fibres of the sympathetic system. 
The intima and adventitia of the larger epifascial 
tributaries have scarcely any longitudinal smooth 
muscle cells. Under the endothelium there is only 
a thin layer of collagen and in the media a thin 
layer of muscle.

In case of aplasia of saphenous vein (“empty 
eye”, see Sect. 4.5), a histological rudiment of a 
saphenous vein is always found. There are 
smooth muscle cells in all three layers of the wall 
but the lumen is absent.

In case of reflux, the venous wall changes are 
visible in light microscopy (see Fig. 2.9).
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2.6.2  Histology of the Venous Wall 
and Physiological 
Implications

All blood vessels have an inner layer, the intima, 
lined by endothelium with subjacent connective 
tissue; a middle layer, the media, composed of 
smooth muscle, elastic tissue and collagen 
embedded in ground substance (see Fig.  2.10); 
and an outer layer, the adventitia, composed of 
elastic and fibrous tissue.

The endothelium of the great saphenous vein 
is a monolayer of elongated epithelium, with the 
individual cells oriented with the long axis in the 
line of blood flow. Adjacent cells are connected 
by tight and gap junctions, the number and pro-
portion of each varying in different parts of the 
vascular system and in different segments of ves-
sel (see Fig.  2.11 top). In course of chronic 
venous insufficiency, segments of great 
 saphenous vein exhibiting reflux reflect the oscil-
latory and turbulent flow with a significant 
derangement of the endothelial cells and loss of 
the regular disposition in accordance with the 
laminar flow direction (Fig. 2.11 bottom).

The ability of blood vessel to accommodate or 
influence changes in blood flow and intraluminal 
pressure by contraction or relaxation relies 
largely on the smooth muscle component of their 
wall, moderated by connective tissue elements 
and a complex of vasoactive substances and the 

a

b

c

Fig. 2.9 Histology (Masson staining ×10) of (a) a refluxing great saphenous vein (N2) compared to (b) a healthy great 
saphenous vein (N2) in the same leg and (c) a refluxive tributary (N3). (Prof. A. Caggiati, Rome; by kind permission)

Fig. 2.10 Ultrastructure of the great saphenous vein 
lumen and wall at transmission electronic microscopy 
5000×. The arrows in the lumen indicate the endothelial 
cell monolayer, with smooth muscle cells and fibres well 
visible in the media layer (Courtesy of Paolo Zamboni)
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autonomic nervous system [61]. In this chapter 
the regulation of the different vasoactive sub-
stances on the smooth muscle tone will be further 
described.

At one time the smooth muscle was thought to 
be restricted to the media of vessels. With the 
advent of electron microscopy and other techno-
logical advances such as immunohistochemistry, 
it was established that so-called “transitional” or 
“myointimal” cells, a prominent component of 
the intima in normal adult blood vessels and also 
of arteriosclerotic lesions, are smooth muscle 
cells. The individual smooth muscle cell is spin-
dle shaped and surrounded by a closely applied 
basement membrane; it contains thick myosin 
and thin actin filaments imparting contractile 
properties. The cytoplasm also contains non- 
contractile intermediate filaments of vimentin 
and desmin type as part of the cytoskeleton. In 

addition, fibronectin acts as regulator of smooth 
muscle cell contractility. Smooth muscle, in con-
trast to skeletal or cardiac muscle, will replicate 
and proliferate under appropriate stimuli as seen, 
for example, in the repair processes, in response 
to inflammation or in altered haemodynamic con-
ditions such as venous hypertension and turbu-
lent flow.

Collagen and elastic tissue, the main fibrous 
proteins, are embedded in a complex ground sub-
stance of proteoglycans. In the saphenous veins, 
the major fibrous proteins of the media are types 
I and III of so-called interstitial collagens; they 
are produced mainly by the fibroblasts of the 
adventitia, but it seems that they are also pro-
duced by smooth muscle cells of the media. 
These collagens provide the tensile strength of 
the saphenous veins and related tributaries, put-
ting a constraint on its distensibility. Elastic 
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Fig. 2.11 Top panels: Scanning electron microscopy of the 
endothelial cells of a non-refluxive great saphenous vein 
(left 500× and right 3000×) harvested in course of an arte-
rial bypass procedure. The endothelium appears very regu-
larly arranged with the cells oriented along the flow 
direction axis. Bottom panels: Scanning electron micros-
copy of the endothelial cells of diseased great saphenous 

vein (left 660× and right 5000×) harvested in course of 
stripping procedure. Cell derangement with figures of the 
endothelial layer is indicated by the arrows. Abnormal 
white blood cells are visible on the surface of the vein 
lumen. The arrows show the endothelial lining. Copyright: 
courtesy of Sergio Gianesini and Paolo Zamboni
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tissue (the elastica) is composed of another 
fibrous protein (elastin). It is a prominent compo-
nent of vessel walls, particularly well shown by 
appropriate staining methods where it is concen-
trated to form the fenestrated lamella (internal 
elastic membrane or lamina).

The elasticity inherent in all blood vessels is 
not determined by elastic tissue only, as the name 
of this tissue would seem to imply, but is a syner-
gistic function of contractile smooth muscle with 
its associated elastic tissue and matrix. Collagen, 
which is much less elastic, is the tensile element 
that serves to prevent overdistension of vessels 
[58, 62, 63].

2.6.3  Compliance of the Venous 
Wall

The histology described above is closely linked 
with the mechanical wall properties of the veins 
and particularly with their compliance. 
Compliance (c) is a characteristic of every hollow 
system, but in veins perfectly fits with the venous 
function of drainage. Volumetric increase (dV) of 
the content is correlated with pressure increase 
(dP) inside the vein (the equation is compliance = 
volumetric increase/pressure increase, c  =  dV/
dP) [64–67]. The components of the media layer 
of veins, described above, permit the venous sys-
tem to achieve a higher compliance with respect 
to an artery.

This capability to receive fluid in the conduit 
and to maintain the gradient over time is 
expressed in physics as the “compliance” of the 
system. It depends on the elasticity or rigidity, the 
length and (to a lesser extent) the radius of the 
conduit and, also, on the degree of filling [1, 35, 
68, 69]. The authors assessed in vitro and in vivo 
the mechanical wall properties especially by 
venous compliance in the great saphenous vein 
system and found out a very good correlation 
between venous compliance measured in  vitro 
and that of the same vein measured in  vivo by 
high-resolution B-mode ultrasound before great 
saphenous vein ablation [70, 71] (Fig. 2.12).

As the venous system has a high compliance, 
it can receive a significant volume of blood with 

a small increase in pressure; the correspondent 
curve will not be very steep [64–67] (see Class 
4 in Fig. 2.12). Conversely, if the system has low 
compliance, even a small increase in blood vol-
ume within the system causes a significant 
increase in pressure, and the curve will be steeper 
(see Class 2 in Fig. 2.12).

Based on the correlation above, we intro-
duced the ultrasound assessment of venous com-
pliance in clinical practice. Ultrasound 
calculation on venous compliance is based on 
the assessment of the cross-sectional area (or 
diameter) of the great saphenous vein in a low-
pressure situation (patient recumbent), and the 
diameter changes after standing up, by assuming 
the area reflects the blood volume and the pres-
sure in the vein corresponds to the hydrostatic 
pressure. Cross- sectional area changes in 
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Fig. 2.12 Correlation curve expressing the percentage of 
variation of the cross-sectional area of the great saphe-
nous vein (y-axis) in response to pressure variation 
(x-axis). The values were assessed in  vitro and in  vivo 
measuring the diameter of the vein with ultrasound and 
the pressure change. When the filling starts (0 pressure to 
20 mmHg pressure), the change of the vein area is huge, 
showing it is capable to adapt lots of blood without induc-
ing a higher intravenous pressure. The pressure gets 
higher, as more volume is introduced, because then the 
vein is no longer able to enlarge to fit the volume without 
pressure increase. The correlation of the curves is well 
apparent. Without surrounding tissue in the in vitro mea-
surement, the compliance is worse [70, 71]
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response to variation of the hydrostatic pressure 
represent a non-invasive measurement of venous 
compliance [67, 72, 73].

Moreover, by using the ultrasonographic 
assessment, the compliance of the great saphe-
nous vein with respect to that of the varicose 
tributaries was also measured and compared and 
resulted in significantly different mechanical 
wall performance in the latter as compared to the 
great saphenous vein (see Fig. 2.13).

GSV tributaries showed a worsened compli-
ance with respect to the GSV likely in consider-
ation of the different wall thickness, which means 
less elastic components. In Fig. 2.13 tributaries 
with previous episodes of thrombophlebitis 
clearly show the worsened capability to accom-
modate and drain blood.

We know from classical physiology that the 
relationship between vein volume and pressure is 
characterized by a significant increase in volume 
with little change in pressure during the filling 
phase, in which the vein is distended by the 
increase in blood volume without experimenting 

an increase of pressure, just adapting to the vol-
ume [6, 7, 64–67, 72, 73]. In other words, during 
this first phase, the pressure and volume relation-
ship is not linear. Instead, during the distension 
phase following the filling phase, further 
increases in volume are proportionally reflected 
by pressure increases, so that linearity of the vol-
ume/pressure relationship in veins can be demon-
strated starting from pressure values around 
20 mmHg (Fig. 2.14).

On the other hand, after completion of the fill-
ing phase, vein diameter is geometrically related 
to vein volume (provided that the vessel length is 
constant). This may explain the finding of a linear 
pressure/diameter relationship in the filled veins 
[6, 7, 65] (Fig. 2.14).

The mechanical behaviour of material sub-
jected to tension is described by Hooke’s law 
(F  =  E  ×  dL), which states that every material 
subjected to a force tends to develop a reactive 
force (F) proportional to the elongation produced 
(dL), in a linear ratio through a constant (E) (the 
Young modulus) which is characteristic of any 
material and represents the slope of the line 
(E = dL/F) [66].

Biological materials, however, do not obey 
this law and demonstrate a ratio between applied 
force (or developed force) and produced elonga-
tion that is curvilinear in form. The slope, called 
a tangential modulus, varies from point to point 
on the curve in proportion to the produced length 
and therefore is not a constant like the Young 
modulus.

By analogy with the tangential modulus of the 
force/elongation curve, compliance in biological 
systems (i.e. the slope of the pressure/volume 
curve) also varies from point to point in relation 
to the filling volume of the system.

The shape of the compliance curve is deter-
mined, therefore, by the physical characteristics 
of the material involved in the system. For such a 
reason, the great saphenous vein reservoir in 
standing is more efficient as compared to that of 
the tributaries (see Fig. 2.13). The curve depends 
also on the volumetric extension of the system 
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and its geometric configuration. It is evident that 
the greater the volume of a container, the greater 
its capacity to receive the volume of the contents 
with a small increase in internal pressure until its 
capacity is reached. It is also evident that in a hol-
low spherical system, the extension of the system 
is correlated solely with the radius, while in a 
hollow tubular system, it is correlated principally 
with the length of the system and only to a small 
degree with the radius or diameter of the vein.

The actual value of compliance in the venous 
system is, instead, correlated, as we mentioned, 
with emptying capacity of the system. In the 
chapter devoted to the hierarchical order of emp-
tying of the veins of the lower extremity, it has 
been shown that the great saphenous vein (N2) is 
connected to the deep veins (N1) and the tributar-
ies (N3) via perforators. So, the transmission of 
the kinetic energy in the tributaries is reduced 
with respect to the deep veins and the great 
saphenous vein, thus further affecting the 

emptying capacity of the tributary system. 
Moreover, in hydrostatic condition, with the fluid 
in stasis like in standing or in sitting posture, the 
degree of filling in the system is influenced only 
by the  volume; but in a hydrodynamic system, 
with the fluid in motion, the degree of filling in 
the system is influenced not only by the initial 
volume but also by the relation between the input 
rate and output rate.

The venous system needs high compliance 
because physiological postural changes deter-
mine big variations of hydrostatic pressure. The 
hydrostatic pressure of gravity is the major regu-
lator of the volume content of the veins in the leg. 
In the sub-diaphragmatic veins, there are signifi-
cant changes in volume according to the posture 
(see Fig. 2.14). In supine position the hydrostatic 
pressure is equalized within the venous system 
and the blood is equally redistributed in the upper 
and lower veins according to the principle of the 
communicating vessels. But when the subject is 
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in standing posture, the veins of the lower extrem-
ity become enlarged to accommodate the redistri-
bution of blood below the diaphragmatic line (see 
Fig.  2.15). From this point of view, it does not 
matter that the better mechanical performance of 
the great saphenous vein permits to accommo-
date more blood with a more rapid drainage dur-
ing walking with respect to the superficial 
tributaries.

2.6.4  Wall Contraction of Control 
and Diseased Veins 
in Response to Physiologic 
Regulators of the Venous 
Tone

The dilatation of varicose veins appears to be a 
primary process that is initiated by unknown fac-
tors. There are several theories about the possible 
mechanisms that initiate the disease process [74].
One of the more often evoked theories concerns 
the weakness of the venous wall, which in turn 
leads to the separation of the valve cusps with 
consequent blood reflux. By acting on the vein 
wall, this haemodynamic change, and particularly 
high reverse flow velocity and turbulence, facili-
tates an extensive tissue remodelling. In support 
of this hypothesis, evidence is accumulating that 
implicates a deficient smooth muscle function in 
the pathogenesis of chronic venous insufficiency.

For instance, it was reported that the maximal 
responses of a varicose vein preparation to nor-
epinephrine (NE) and/or to endothelin-1 (ET-1) 
are lower than those of control healthy tissues 
[68, 69, 75–80]. Whether these functional 
changes cause a multifocal impairment of vein 
smooth muscle and mediate the development of 
varicose veins or merely represent an epiphe-
nomenon of the pathophysiologic process still 
remains a contentious issue. Contraction of the 
smooth muscle cells of the venous wall can be 
experimentally induced in vitro by a non-specific 
depolarization of the cell membrane. However, in 
physiology, the maintenance of the venous tone 
is expected to be largely controlled by the sympa-
thetic nerves via norepinephrine (NE); by the 
autacoids, such as the endothelin (ET-1); and by 

the vasoactive hormones, such as angiotensin II 
(Ang II) [68, 69, 75–80].

All these stimulants are capable of inducing 
concentration-dependent contractions in healthy 
great saphenous vein tissues by acting through 
different mechanisms:

• KCl 100 mmol/L by inducing cell membrane 
depolarization

• NE, ET-1 and Ang II by activating specific 
receptors located in the smooth muscle cells 
of the great saphenous vein and their tributar-
ies [37]

The authors assessed the maximal effects 
(maximum effect, grade of contraction), respec-
tively, in control tissue, great saphenous vein in 
early stages of varicose vein illness (only visible 
veins, C2), great saphenous veins in later stages 
(skin changes, C4) and finally varicose tributar-
ies, of dose-dependent concentrations, respec-
tively, of norepinephrine (NE), endothelin (ET1) 
and angiotensin (Ang II). The maximum effect 
that could be evoked by the stimulants was 
reduced progressively with the increasing sever-
ity of the disease in the great saphenous vein as 
well as in tributaries, which raised the tributary 
assay to statistical significance for both NE and 
Ang II (P < 0.05). We also measured the affinity 
of, respectively, NE, ET1 and Ang II for their 
specific receptors (pEC50, the negative logarithm 
to base 10 of the molar concentration of the ago-
nist, which produces the 50% of the maximal 
effect). Surprisingly, a marked reduction of Ang 
II apparent affinity was already evident in tissues 
that were taken from patients in an early stage of 
the disease (P < 0.05) and confirmed also in later 
stages and in the GSV tributaries (Fig. 2.15).

The decrease of affinity, specific for Ang II, 
may be interpreted by assuming, that in diseased 
tissues, changes occur at the Ang II receptor 
level. These receptors become more than tenfold 
less sensitive to the agonist, and their ability to 
induce contraction is not changed (the Emax in 
control tissues and in tissues of group 1 is not dif-
ferent). Such changes cannot be explained by a 
reduced accessibility of Ang II to its receptor 
because tissues of controls show little if any signs 
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Fig. 2.15 Concentration response curves to (a) norepi-
nephrine (NE), (b) angiotensin II (Ang II) and (c) endothe-
lin- 1 (ET-1) in human saphenous veins and tributaries 
from control subjects and from patients with primary vari-
cose vein disease. Abscissa, logarithm of the molar con-
centration of agonist; ordinate, tension in g. The last value 
of each curve represents the maximal contraction, which 
appears to be significantly reduced in C4 GSV and in 

tributaries with respect to control tissue. We also evaluated 
the affinity of the smooth muscle cell receptors, respec-
tively, for NE, Ang II and ET-1 (pEC50, the negative loga-
rithm to base 10 of the molar concentration of the agonist, 
which produces the 50% of the maximal effect). The affin-
ity for Ang II was lowered in all the diseased tissues. 
Modified from [79]
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of remodelling. Accentuated local enzymatic 
degradation of Ang II seems unlikely, but no data 
are available to exclude this possibility. The 
intracellular smooth muscle machinery that sub-
serves contraction appears to be efficient because 
NE and ET-1 and also high concentrations of Ang 
II evoke maximal contractions.

Although we did not measure control tributary 
veins, it is undebatable that varicose tributaries 
demonstrated reduced contractility in response to 
the physiologic vasoactive agents.

Taken together, the present findings support 
the intriguing hypothesis that a primary defective 
mechanism in the Ang II-mediated control of the 
venous tone could play a role in the pathogenesis 
of chronic venous insufficiency. In consideration 
of the primary role that is played by the renin- 
angiotensin system in cardiovascular pathophysi-
ology, these findings could have important 
implications.

 Conclusions

In this chapter reduced mechanical wall prop-
erties in  vivo and in  vitro were assessed in 
varicose tributaries with respect to diseased 
GSV. Venous compliance, a parameter reflect-
ing the function of the venous system, is more 
efficient in the GSV.  In addition, significant 
differences in the efficiency of venous tone 
control in response to NE, ET-1 and Ang II 
physiologic stimuli by comparing diseased 
great saphenous vein to varicose tributary 
have been demonstrated. Taken together such 
experimental data support the saphenous vein 
sparing strategies, pointing out the different 
structural and consequently also haemody-
namics features of the great saphenous vein 
compared to the tributary network.
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Venous Reflux Patterns

Sergio Gianesini, Paolo Zamboni, and Erika Mendoza

3.1  Venous Haemodynamics 
and Related Laws of Physics

Leg veins are interconnected tubes filled with 
flowing liquids, therefore reigned by laws of 
physics. But physics laws for fluids in tubes are 
usually described parting from noncollapsible 
tubes with regular walls without valves and with 
one single motor and known interconnections. 
This is truly not the case in leg veins. So, criti-
cism of physics applied to phlebology is often 
heard. Nevertheless, without some physics, at 
least applied in analogy, a comprehension of 
venous haemodynamics and venous pathology is 

not possible, leaving the surgeon only with the 
possibility of applying an ablative method.

3.1.1  Why Does Blood Flow 
in a Vein?

From a practical and simple observation point of 
view, venous behaviour varies depending on 
whether the subject is standing or lying. In the 
recumbent subject, the blood flows towards the 
heart slowly and continuously driven by arterial 
flow pushing from behind, called vis a tergo. 
After flowing through the capillaries, the blood 
has lost most or all of its pulsatility. In addition, 
respiration has the effect of augmenting the 
venous return. During inhalation, the negative 
intrathoracic pressure encourages venous flow 
upwards into the chest. The right heart atrium has 
a negative pressure after heart systole suctioning 
blood from the vena cava system during heart 
muscle diastole. In recumbent position gravidity 
plays no role; the venous valves and the muscle 
activity are not necessary to keep the system 
going.

When the subject stands up, gravidity takes 
part at the game. Even if the patient’s leg mus-
cles remain without movement like when the 
position of the patient is changed from recum-
bent to staying on a tilt table, the muscle veins 
in the calf fill with a reserve of around 350 mL 
of blood [1], meaning that at first no blood 
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flows out of the leg. If the subject continues to 
stand still, the venous return resumes due to vis 
a tergo, the respiration and the heart diastolic 
suction. This passive flow is enhanced substan-
tially by the activity of the calf muscle pump. 
The combined action of the calf muscle pump 
and the valves propels the blood towards the 
heart during muscular contraction. The blood is 
forced in one direction through the openings of 
the venous valves which prevent retrograde 
flow towards the feet or outwards into the 
superficial veins in case of perforating veins. 
When the muscles relax, the blood normally 
cannot flow back because the venous valves 
close. This action results in a pressure drop in 
the deep veins which have just been emptied 
and so draws blood in from the superficial and 
muscle veins.

This pumping action can be compared to the 
heart using the terms muscular systole for mus-
cle contraction and muscular diastole for muscle 
relaxation. Muscular systole pumps blood out of 
the deep veins, while muscular diastole fills them 
by draining the superficial veins.

In addition to the above described mecha-
nisms, veins seem to develop an own pacemaker 
if chronically dilated, which has been called 
“saphenous pulse” [2]. This pulse starts after 
some time of dependency without any move-
ments and is more frequent in advanced venous 
insufficiency.

3.1.2  Physics Laws Applying 
to Venous Haemodynamics

According to Poiseuille’s law, in order to create a 
flow in a tube, a pressure gradient is needed.

The pressure gradient (ΔP) is directly related 
to the applied force (F) and the resistance (R).

 Poiseuille's law: P∆ = ×F R  

The resistance to flow is directly related to the 
tube length (L) and viscosity of the fluid (η), 
while it’s inversely related to its radius (r), 
according to the following formula:

 R L r= 8 4η /Π  

Considering that pressure (P) can be defined 
as a force on a surface, many clinical implica-
tions follow this first formula already.

In fact, the pressure gradient is directly influ-
enced by the force exerted by the heart systole, 
by the thoracic aspiration following the breathing 
act and by the peripheral muscle contraction.

At the same time, the pressure is inversely 
related to the vessel diameter and area, which 
leads to the implication of the venous tone and of 
the wall compliance: two variable factors able to 
influence the pressure gradient, thus the flow. The 
muscle contraction acts on the vein calibre, and 
the same vessel calibre influences the resistance 
formula, so adding another variable in the flow 
determination.

Together with an energy gradient, another 
important element in producing a flow in the 
venous system is the vessel capacity to receive a 
certain amount of fluid, adapting its diameter.

Considering the intrinsic collapsible vein 
nature, in a beginning filling phase, a great 
capacity variability is possible with little changes 
in venous pressure, turning the vein from an 
elliptical to a circular-shaped vessel: a property 
conferring the blood reservoir function to the 
venous system. So, in the first phase of filling, 
increased volume is not related to a pressure 
change but to a diameter change, depending on 
the compliance of the vessel, as has been 
explained in Sect. 2.6.3. Once the vessel has 
become circular, much more pressure is required 
to stretch the vessel.

The physical property of a vessel to increase 
its volume with increasing transmural pressure is 
known as compliance (C) and is expressed by the 
change in volume (ΔV) divided by the change in 
pressure (ΔP) [3].

 Compliance C V P= ∆ ∆/  

Compliance is strictly linked not only to the 
filling degree but also to the geometric vessel 
properties (length and radius), together with its 
wall elasticity [4, 5].

Ultrasound introduction in clinical practice is 
permitted to measure in the clinical setting the 
venous compliance especially at the level of the 
saphenous vein to assess the mechanical wall 
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properties before using it as an arterial conduit 
[6, 7].

Subsequently saphenous compliance was 
investigated as a pathophysiological parameter 
linked with chronic venous insufficiency.

A pressure-diameter curve highlights the non- 
linear relationship in the initial filling phase, which 
is due to the great increase in vessel calibre follow-
ing tiny pressure augmentations. On the contrary, 
in a distension phase, starting from pressure values 
around 20 mmHg, a volume/pressure linearity has 
been demonstrated (see Sect. 2.5.4) [8–10].

The pressure gradient is exerted both longitu-
dinally along the vessel and transversally on the 
venous wall. This last energy development is 
associated to the so-called transmural pressure 
(TMP), and it represents a fundamental parame-
ter both in haemodynamics and in fluid exchanges.

3.1.3  Relation of the Veins 
with the Surrounding Tissue

Not only is the vein a tube with variable dimen-
sions adapting on the filling grade but the wall 
has a variable permeability to allow an exchange 
of nutrients with the surrounding tissue. The per-
meability is the highest at capillary level, 
descending towards higher levels of reticular 
veins, tributaries and saphenous or deep veins. 
The permeability is influenced by the vein diam-
eter and the transmural pressure.

The transmural pressure is the difference 
between the internal venous pressure (IVP), act-
ing on the internal vessel side to expand it, and 
the external venous pressure (EVP), pressing on 
the external parietal wall to collapse it (Fig. 3.1). 
Transmural pressure and vessels’ permeability 
represent the intra-extravascular exchange deter-
minants (Starling’s law). The transmural pressure 
is the crucial parameter in tissue drainage and 
venous calibre regulation

 Transmural pressure TMP IVP EVP= −  

The intravenous pressure is determined by the 
lateral pressure, which is in relation to the blood 
flow velocity and the kind of flow present (lami-
nar or turbulent, see below). It is also influenced 

by the hydrostatic pressure, which depends on 
the height of the fluid column above the mea-
sured point (see Sect. 3.1.4).

The external venous pressure is composed by 
the atmospheric pressure and the tissue pressure. 
This last factor is determined by lots of factors, as 
tissue characteristics, by oedema and by com-
pression stockings and is modified by muscle 
contraction.

Another force playing an important role is 
the oncotic pressure. This is the pressure differ-
ence between the solved substances in the 
plasma of the vein and in the surrounding inter-
stitial fluid. To make the equation easier, the 
oncotic pressure is taken as one value (which 
could be positive or negative) and added on the 
intravenous pressure side.

One fundamental component of the transmu-
ral pressure is composed by the lateral pressure. 
This follows the Bernoulli’s principle, both in 
static and dynamic conditions. According to this 
law of physics, an increase in the speed of a fluid 
occurs simultaneously with a decrease in the flu-
id’s potential energy, which is expressed as the 
lateral pressure and the gravitational pressure. 
This is a derivation from the principle of the con-
servation of energy, which states that, in a steady 
flow, the sum of all forms of energy in a fluid is 
constant. It requires that the sum of kinetic and 
potential energy remains constant.

The kinetic energy is determined by the fluid 
density and its velocity (ρv2/2; ρ represents the 
fluid density, v the fluid velocity). In ideal condi-
tions, it states that the energy factors governing 
the venous haemodynamics are the kinetic energy 
together with the potential energy. This last one is 
constituted by the lateral pressure (lp), linked to 
the vessel wall elastic properties, and gravita-
tional pressure (ρgh), produced by the blood col-
umn weight. The sum of them (ρv2/2 + lp + ρgh) 
is constant at any point inside a tube or a vessel.

 

Bernoulli s principle Kinetic energy
lateral pressure gravi

' :
+ + ttational pressure

lp constant= + + =ρ ρv gh2 2/  

This means that thea higher the velocity of 
blood flow in a vein, the lesser the transmural 
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pressure. On the contrary, in venous stasis con-
ditions, the potential energy will be at its maxi-
mum, while it will decrease proportionally to 
the flow velocity increase. The obvious and 
 determinant consequence is that the lateral pres-
sure, exerted on the venous wall, will decrease 
proportionally to the velocity reached by the 
fluid (Fig. 3.2).

According to Bernoulli’s principle, in two 
communicating vessels, the one presenting a 

higher flow velocity will display a lower lateral 
pressure: a gradient will be created, and the blood 
will flow from the slower to the faster vessel. The 
aspiration effect performed by the higher velocity 
vessel is known as the Venturi’s principle.

This last one is strictly linked to the Castelli’s 
law (Fig. 3.3) which states that flow velocity (v) is 
inversely proportional to the vessel cross- sectional 
area (A). The same volume of blood through a 
vessel will be faster, if the diameter is less. Blood 
flow, which means blood volume changes in a 
given time frame, is defined by the area of the ves-
sel and velocity of the blood flowing.

 Castelli s law Flow1 1 2 2' : Av A v= =  

This law applies to one tube changing its 
diameter, as well as in one tuber branching into 
tributaries. Whenever the vessel divides into sev-
eral branches, if the sum of the area of the 
branches is smaller, an increased flow velocity 
will be expected; of course, the opposite will be 
the case if the sections’ total area increases.

3.1.4  Flow and Hydrostatic Pressure

The third variable in the Bernoulli’s principle is 
the potential energy, represented by the hydro-
static component, and it acts as a counterpart of 
the kinetic energy. In case of immobile persons 
on a tilt table, when reaching the standing 

Atmospheric P
Tissue P EVP

IVP

Oncotic P
Lateral P

Hydrostatic P

Fig. 3.1 Graphical representation of the transmural pres-
sure. External venous pressure (EVP) is composed by the 
atmospheric pressure (AP) and tissue pressure (TP). The 

internal venous pressure (IVP) is composed of the lateral 
pressure (LP), the hydrostatic or gravitational pressure 
(HP) and the oncotic pressure (OP)

High lateral P
Slow Velocity.

Low lateral P
HighVelocity.

Fig. 3.2 Bernoulli’s principle-related lateral pressure as 
described in the Pitot tube experience. Top: low flow 
velocity in the tube corresponds to a high lateral pressure. 
Bottom: High flow velocity corresponds to low lateral 
pressure
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 position, the hydrostatic pressure along the leg 
will be determined by the distance between the 
measuring point and the right atrium. As soon as 
the muscle activity takes place, the competent 
valves in the venous system of the leg fractionate 
the hydrostatic column creating new pressure 
compartments in the vein.

The columns present different energy states, 
which vary just according to the same column 
height.

In fact, in a static situation without flow (no 
lateral pressure) and without vein wall permea-
bility (no oncotic pressure), the only energetic 
level determinant of the transmural pressure is 
the potential gravitational energy value, which is 
expressed by the following formula:

 

Potential gravitational energy
fluid density gravity

=
=

∗ ∗

∗

r g h
  constant

height of the column∗
 

(ρ represents the fluid density, g the gravity 
constant, h the height below the surface)

The principle of communicating tubes says 
that whenever the different tubes are in commu-
nication (Fig. 3.4), the pressure will be equalized. 
The height of the fluid column in all connected 

tubes will be the same. So, the fluid will flow 
from the part of the tube with the higher fluid col-
umn to the one with the lower column, and finally 
settling into a balanced common energetic state, 
in which all the column heights are equal.

In the leg vein system, this phenomenon is 
translated into a blood flow from the system pre-
senting a higher distance between valves and in 
consequence a higher blood column to the one 
with a smaller column, due to a lesser distance 
between valves.

Different valve density in the deep versus the 
superficial system gives a rationale to such blood 
movement during the diastolic phase as repre-
sented in Fig. 3.5, where the height of the blood 
column is represented as if an air bubble would 
be found below the valve level to make the height 
more evident.

Certainly, up to this point, all the described 
physics law applications have been made consid-
ering the vessel and the blood as an ideal conduit 
and liquid, respectively. To the contrary, in the 
human body environment, the vessel wall pro-
duces friction through blood contact, while this 
last one possesses complex visco-elastic proper-
ties due to its composition with fluids, proteins, 
fats and blood cells.

LP1

h

LP2

Fig. 3.3 Castelli’s law 
and Venturi’s effect. 
Flow velocity (violet 
arrows) is inversely 
proportional to the 
vessel cross-sectional 
area (Castelli’s law), and 
consequently the lateral 
pressure is different. The 
lateral pressure is 
represented as red arrow 
and is larger in the wide 
segment and less in the 
narrow segment 
(LP1 > LP2) leading to 
the fluid aspiration 
determined by the 
Venturi’s effect 
(corresponding to the 
difference in height 
between both lateral 
pressures represented 
with the black arrow 
“h”)
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An extension of the thermodynamics’ second 
principle, the entropy law, states that in case of 
not ideal conduits or liquids, part of the energy is 
dissipated as heat generation, so increasing the 
amount of no more available energy (entropy). 
The human body solution to counteract this ener-
getic dissipation has been the creation of the sev-
eral pump mechanisms placed in series all along 
the cardiovascular system [11].

3.1.5  Laminar and Turbulent Flow

The principles of blood flow are derived 
experimentally from the behaviour of liquids 

in rigid tubes. However, blood vessels are not 
ideal tubes as they are collapsible, and the 
flow within them is not exposed to a constant 
pressure [12].

The flow through a straight rigid tube depends 
on two factors:

 1. The pressure difference between the ends of 
the tube.

 2. The resistance of the tube to flow. This is influ-
enced by the viscosity of the liquid, the proper-
ties of the wall and the diameter of the tube.

If the tube walls are smooth, the liquid inside 
will flow in an orderly way, within a certain range 

a

b

Fig. 3.4 The communicating vessel principle. (a) 
Noncommunicating hydrostatic columns presenting dif-
ferent heights, which leads to different energetic states 
(the column at the right presents the highest energetic 
value). (b) Communicating columns in which the flow 
moves from the higher to the lower energetic state sys-
tems, until a common energetic balance is reached. The 
dotted line represents the horizontal level that equalizes 
the hydrostatic pressure for the whole system

h1 h2

.......................................

PV

FV GSV

Fig. 3.5 Valve density and hydrostatic pressure: consid-
ering that the hydrostatic pressure is directly related to the 
only variable of the column height (h), during the diastolic 
phase, the venous blood flows from the higher to the lower 
column, moving from a system with higher energy values 
to one at a lower energy state. As the distance between the 
perforating vein (PV) and the valve is higher in the great 
saphenous vein (GSV) than in the femoral vein (FV), the 
hydrostatic pressure is higher in the great saphenous vein 
(h2) provoking a flow from the saphenous vein to the deep 
vein (h1), represented as a yellow arrow

S. Gianesini et al.



41

of velocities. The layer in immediate contact with 
the wall flows very slowly due to friction. The 
next layer flows faster over the first and so pro-
gressively towards the centre of the pipe where 
the flow is the fastest. This is known as laminar 
flow which is a property of a Newtonian fluid. In 
laminar flow, no additional pressure is exerted on 
the venous wall. Under the following conditions, 
this flow will start to be turbulent:

• If bends are introduced into the tube.
• At the site of impediments (like venous valves).
• The pipe diameter is very small.
• The velocity is very high.

This causes the blood to divert from its paral-
lel path and flow in all directions, even towards 
the wall. This results in an increase in friction 
and resistance. Consequently, the forward veloc-
ity is reduced and the pressure on the wall 
increases.

In analysing the flow in the veins by analogy, 
we find optimal laminar flow conditions in the 
following situations:

Sufficient deep and saphenous veins run 
straight forwards, as tubes without bends (except-
ing for the junctions of the saphenous veins), 
with little diameter variations and no impedi-
ments: Open valves adapt to the vein wall and do 
not hinder the antegrade flow.

As soon as an incompetent valve plays a 
role and a pathologic compartment change 
takes place, turbulences are programmed: At 
the point of the compartment jump (N1 → N2) 
through a perforator or the junction, blood 
flow changes direction. The incompetent 
valves are obstacles in the way of the reflux. 
This provokes turbulences (see Fig. 3.6b). The 
consequences of turbulent flow are discussed 
in Sect. 3.2.3.

3.2  Characteristics of Blood Flow 
in Leg Veins

3.2.1  Definitions of Flow and Reflux

Pressure gradients are usually considered physi-
ological or pathological inside the venous  

network based on the flow direction they 
determine.

Blood flow in leg veins in standing position 
challenges gravity. Different mechanisms are 
involved (see Sect. 3.1.1), like the vis a tergo, 
the heart suctioning, the aspiration effect by 
respiration and above all the muscle pump. 
Combined with the valves, the connections 
between the veins (junctions, perforators) are a 
complex system of draining mechanisms and 
venous flow results. Classically this flow direc-
tion was called antegrade flow. Considering the 
vein compartments, physiological flow direc-
tion is defined by the following compartment 
jumps:

• N3–N1: Tributaries drain into the deep veins.
• N3–N2: Tributaries drain into saphenous 

veins.
• N2–N1: Saphenous veins drain into deep 

veins.

If this order is reverted, we find a pathological 
flow, a reflux, with pathological compartment 
jumps from deep to superficial veins (N1 → N2 
or N1 → N3) or from saphenous veins to tributar-
ies (N2 → N3).

The standard definition for venous reflux is 
focused on the inverted direction of a flow last-
ing more than a specific cut-off (0.5 s in the 
superficial venous system, 1 s in the deep 
venous system). This value was defined by 
Labropoulos et al. [14] after analysing the flow 
in healthy persons. They found, that in healthy 
legs the inverted flow always lasted less than 
0.5 s. When analysing reflux duration in patients 
with venous insufficiency, a reflux duration of 
longer than 1 s either with manual compression 
or with toe elevation manoeuvre was found, as 
well as refluxes of less than 0.5 s in all healthy 
control subjects. So, the definition of compe-
tent veins in case of reflux duration of less than 
0.5 s was consistent with Labropoulos et al., but 
possibly a reflux is not just the flow duration of 
above 0.5 s but above 1 s [15].

Classical concepts of physiologic flow in 
leg veins in standing position implied that it 
was represented by the flow directed upwards, 
from the foot to the knee, to the groin, against 
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gravity. After the introduction of duplex ultra-
sound, downward-directed flows were found 
and  recognized as non-pathological. This is the 
case of the flow in the cranial branches of the 
sapheno- femoral junction (epigastric and cir-
cumflex veins, see Sect. 4.4) and of the flow in 

the Giacomini vein draining into the small 
saphenous vein. In addition, flow between 
valves in the muscular diastole is directed foot-
wards, for example to drain a saphenous vein 
segment into the deep vein during muscular 
diastole. So, the flow direction itself did no 

a

b

c

d

e

Fig. 3.6 A diagram of a tube containing two 
different coloured fluids to demonstrate laminar 
flow: (a) no flow, (b) a velocity profile is created 
as the red fluid begins to flow. The flow is faster 
at the centre of the tube compared to the 
periphery. (c) Dilated GSV with slow antegrade 
flow in B mode—the erythrocyte sludge moves 
forwards in laminar shape (compare with b). (d) 
Schematic vision of turbulent flow: reflux 
through the sapheno- femoral junction with 
turbulence of the blood at the incompetent valve 
site. (e) Longitudinal representation of the 
proximal aspect of the great saphenous vein. 
Turbulent flow in a proximal, dilated great 
saphenous vein can be observed in B mode by 
the formations of the erythrocyte sludge during 
muscular diastole forming circles in the vein 
lumen. With kind permission by [13]
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longer determine the discrimination of ante-
grade flow and reflux. The terminus “centripe-
tal” flow was introduced to define the flow 
from periphery (organs/skin) to draining ves-
sels and then to the heart and “centrifugal” if 
this direction is inverted [16].

Then the concept of muscular systole and 
diastole in perforating veins made the question 
more complex: It has been shown that perforat-
ing veins might be a pressure-equalizing sys-
tem during muscular systole with flows directed 
from the deep veins (N1) to the superficial veins 
(N2 or N3) during systole but with a “net flow” 
draining from N2 or N3 to N1 if considering  
the sum of systolic and diastolic flows. This is 
the reason why the diastolic flow is the one 

determining the pathology of perforating veins 
(see Table 3.1).

3.2.2  Velocity-Curve Shapes of Flow 
and Reflux

Since the upcoming of duplex ultrasound, the 
flow curves can be represented inside the veins. 
For an easier understanding, we will just consider 
the effect of systole and diastole only in one vein 
without interconnections.

Applying manual compression to the calf or 
dynamic provocation manoeuvres, e.g. toe eleva-
tion manoeuvre (see Sect. 4.3.2) to one segment of 
the vein, we provoke a so-called muscular systole, 

Table 3.1 Analysis of flow in perforators involved in a recirculation in systole and diastole, different pathological 
significance

Description
Blood flow in PW, schematic 
representation Pathological significance

During muscular systole 
inflow, during muscular 
diastole: inflow

Re-entry perforator, because during diastole 
we find a draining flow

During muscular systole 
no flow, during muscular 
diastole: inflow

Re-entry perforator, because during diastole 
we find a draining flow

During muscular systole 
outflow (typical in case 
of dilated re-entry 
perforators), during 
muscular diastole: inflow

Re-entry perforator, because during diastole 
we find a draining flow. The outflow during 
systole does not implicate pathology. 
Dilated re-entry perforators on the calf can 
serve as pressure equalizers during systole

During muscular systole 
in- or outflow (in this 
case inflow), during 
diastole outflow

Incompetent perforator. This shape is most 
often indicating that the perforator is the 
start of the recirculation, the one point 
responsible for the superficial venous 
insufficiency and the place where blood 
changes the compartment pathologically

During muscular systole 
and diastole outflow

If an outflow is found in systole and 
diastole, an incompetent deep venous 
system has to be suspected

Inflow, flow from superficial to deep veins; outflow, flow from deep to superficial veins. Schematic representation of 
blood flow in PW: yellow field, systole; green field, diastole; red line, reflux. With kind permission from [34]
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which will induce a centripetal flow in the vein: 
The proximal valves open allowing the blood to 
ascend towards the heart. The distal valves will be 
closed by the retrograde pressure of the blood, 
impeding a retrograde flow to more distal segments 
(see Fig. 3.7a). This will be followed by the muscu-
lar diastole in the very moment the hand is released 
from the calf or the toe is relaxed. In this moment, 
the pressure in the vein segment exerted by the 
hand or the muscle contraction is released. A pres-
sure gradient towards the emptied vein segment 
exists. Following gravity, the just expelled blood 
column will tend to flow back again. In case of 
competent valves, this will induce a closure of the 
valve with the display of an inverted flow lasting 
less than 0.5 s (see Fig. 3.7b, c). The blood from the 

more distal segment of the vein, which was not 
emptied by the manoeuvre, will be flowing inside 
the emptied segment to equalize blood pressures.

Adding again the collaterals and perforating 
veins to the model, following pressure gradients, 
neighbourhood veins will fill the emptied vein 
segment via collaterals or perforating veins; this is 
the base of the muscle pump action (see Fig. 3.8).

In case of venous valve incompetence, blood 
flow will behave differently during the muscular 
diastole. The blood that has been moved proximally 
by contraction will afterwards flow back in the ves-
sel if the valve doesn’t hinder it by closing. This 
would have no clinical implications, if only one 
valve in one vein is affected. It will provoke a reflux, 
if the backflow involves two different veins  

*

a b c

rest systole diastole 

d

Fig. 3.7 Blood flow through a single vein with 
valves. (a) Vein with valves and no blood flow. The 
asterisk shows the place, where duplex measurement is 
taken in (d). (b) Compression of a segment of the vein 
(muscular systole). The pressure in this segment turns 
high and the blood tends to move to equalize with 
neighbourhood segments: Downwards a closed valve 
impedes the flow, upwards the valves open and a flow 
is possible (yellow arrows). (c) Release of the external 
pressure (diastole). The blood of the upward segments 
tends to flow back, finding a closed valve. The blood 
from the downward segment follows pressure 
gradients and fills the emptied segment (green arrows). 
(d) Blood flow in the vein (PW mode, saphenous vein 
at the thigh, cross section), measured in the segment 
above the compression (* in image a) at rest, during 
systole (starts at yellow arrow) and diastole (starts at 
red arrow). We observe a strong “upward” flow during 
systole, a short retrograde flow at the start of diastole, 
stopped by the closing of the valves. Note: Blood flow 
in PW mode is encoded as to the bottom of the image 
when the flow is advancing away from the transducer 
and to the top of the image if the flow is directed 
towards it. The transducer is held in inclined position, 
with the tip of the probe to the head of the patient, so 
that antegrade flow in veins will be encoded as curve 
to the bottom of the curve and flow to the foot as curve 
to the top (see Sect. 4.2). With kind permission by [13]
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(e.g. two different veins of the deep calf venous sys-
tem). And it will be part of a varicose vein reflux, if 
there is a jump of compartments, like a reflux from 
the deep vein to the saphenous vein (N1 → N2). A 
model of this situation is represented in Fig. 3.9.

3.2.3  Draining Versus Refluxing 
Flow

As described above, blood flow interacts with 
the vein wall. Laminar flow has little interaction, 
turbulent flow the most. By its shear stress on the 
vessel wall, venous reflux is considered respon-
sible for the venous inflammation associated 
with cytokines release from the same endothe-

lium [17]. So refluxive flow patterns associated 
with turbulent flow have shown to release 
inflammatory- mediating cytokines from the vein 
wall. Particularly the oscillatory character of 
reflux with quick changes of direction in the 
same vessel (see Fig. 3.9) seems to act as cyto-
kine releaser.

Further studies have shown that the biosignal-
ing among physical forces and biochemical 
release is not directly related to the reflux dura-
tion but rather to several haemodynamic aspects 
[18, 19].

Cytokines were analysed in refluxive veins 
and then in veins after haemodynamic flow 
 correction: Saphenous veins after saphenous vein 
sparing techniques (CHIVA) often are perfused 
from the groin to the knee—which would classi-
cally be considered the wrong direction. But after 
an interruption of the reflux source, this flow in 
the saphenous vein (N2) is only composed by 
blood of tributaries (N3) physiologically draining 
through this vein. No reflux from deep veins, no 
volume overload is present.

Cytokine analysis after saphenous-sparing 
procedure demonstrated that in procedures restor-
ing normal pressure gradients but keeping an 
inverted flow direction, the inflammation compo-
nent is no longer detectable: a possible demon-
stration of the fact that a physiological flow can be 
also directed towards the more distal part of the 
limb, as long as it finds a draining route through a 
perforating vein towards the deep venous system 
[20]. This flow has been called “draining flow”. 
The restoration of the cytokine level demonstrates 
that this draining flow does not harm the vessel.

A draining flow presents small diastolic velocity 
and laminar features, independently of the length of 
its duration. To the contrary, reflux is characterized 
by higher peak diastolic velocities and turbulence.

It has been demonstrated that it is the oscilla-
tory component of reflux which acts as a chronic 
inflammatory stimulus on the endothelial cells. 
CHIVA haemodynamic correction, while main-
taining the saphenous conduit, restores a monodi-
rectional flow. It can be directed upwards or 
downwards as the reader may better understand 
in the subsequent chapters. Approximately 6 
months after the procedure, the cytokine profile 
is completely changed.

PV

FV GSV

a b

Fig. 3.8 Model of flow in two veins interconnected with 
a perforating vein (PV), supposing that only the left vein 
(femoral vein, FV) is exposed to muscular contraction and 
the right vein (superficial vein, SV) is not. Bottom of the 
image = distal, top = proximal. (a) Muscular systole com-
pressing one segment of the femoral vein, the blood is 
expelled in direction of the heart following the pressure 
gradient: High at the contraction point and lower in com-
parison in the proximal segment, the valves distal to the 
contraction are closed, in the femoral vein as well as in the 
perforating vein. (b) Muscular diastole, the segment of the 
deep vein that had been compressed has now a lower pres-
sure. Blood cannot flow back from the proximal segments, 
because the valves close, but can follow the pressure gra-
dient filling the emptied segment from the distal segment 
of the deep vein and from the superficial vein through the 
perforating vein, now with opened valve

3 Venous Reflux Patterns



46

Tumour necrosis factor alpha (TNFα) and 
interferon gamma-induced protein 10 (IP-10) 
even returned inside a physiological range after 
CHIVA suppression of the oscillatory component 
of reflux. Both cytokines showed a significant 
correlation with flow parameters, indicating how 
reflux represents an inflammatory stimulus not 
when it is directed downwards but when it is 
oscillating upwards and downwards and with 
components of turbulent flow. The vision of the 
oscillatory component of venous reflux chal-
lenges the current view above reported, which 
considers venous reflux as an inverted direction 
of a flow lasting more than a specific cut-off.

In addition, the lesson learned is that the great 
saphenous vein can be recovered when surgery 
corrects the abnormal haemodynamics [21].

A cornerstone of ablative strategy is repre-
sented by the never proved statement that an 
incompetent great saphenous vein cannot be 
recovered to normal function because the biology 
of chronic venous insufficiency cannot be cor-
rected. This dogma, repeated for years, should 
have been revised since the first results of venous 
sparing surgery were published. But now, with 
cytokine evidence as the base of vein wall recov-
ery, the dogma should no longer be repeated, 
even though further investigations are needed.

a b

*
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c

Fig. 3.9 Model of flow in the femoral vein (FV) is 
exposed to muscular contraction and the saphenous 
vein, also exposed to contraction, but to a lesser extent 
(SV). Bottom of the image = distal, top = proximal. 
(a) Muscular systole compressing one segment of the 
femoral vein and of the saphenous vein. The blood is 
expelled in direction of the heart following the 
pressure gradient in both veins (yellow arrow = flow in 
systole). The valves distal to the contraction are 
closed, in the femoral vein as well as in the perforating 
vein. (b) Muscular diastole, the segment of the deep 
vein that had been compressed has now a lower 
pressure. Blood follows the pressure gradient filling 
the emptied deep segment from the distal segment of 
the deep vein (green arrow) through the perforating 
vein from the distal part of the saphenous vein 
following the hydrostatic pressure, which is much 
higher in the saphenous vein, as the valves are not 
closing. Refluxing blood will follow this pressure 
gradient, and the saphenous vein is filled out of the 
proximal deep vein against the rules of the 
compartments. This is a reflux. Thus, the arrow is red. 
(c) Flow measurement in the great saphenous vein at 
the position of the *: systole starts at the yellow arrow. 
Little amount of antegrade flow. Red arrow: start of 
diastole with high velocity and long-lasting reflux. 
With kind permission by [13]
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3.3  Pathological Compartment 
Jumps

The actual anatomical and physiological interpre-
tation of the lower limb venous network indicates 
a draining direction from the most superficial to 
the deepest lower limb compartments: from the 
tributary network (N3), towards the saphenous 
system (N2) and the deep venous system (N1). In 
this interpretation reflux can be defined as what-
ever subversion of the above reported hierarchical 
order of emptying [22, 23] (see Sect. 2.3).

According to Poiseuille’s law, a pressure gradi-
ent is needed among two points in order to create a 
flow or a reflux. This means that whenever there is 
a reflux in a vein, a leaking point and a so-called 
re-entry point must be identified. While the leak-
ing point can be whatever junctional point present-
ing a pathologically inverted flow (sapheno-femoral 
or sapheno-popliteal junction, incompetent perfo-
rating vein), a re-entry point can be defined for 
example as the perforator draining the refluxing 
blood back into the deep system.

The identification of the leaking and re-entry 
points is fundamental in venous insufficiency 
treatment: a mistake in the reflux source or re- 
entry point selection invariably leads to an incor-
rect diagnosis and treatment, potentially leading 
to the creation of a non-draining system and thus 
to venous stasis and thrombosis.

The reflux always induces higher volume of 
blood in the filled vein: As an example, in case of a 
reflux from the femoral vein (N1) into the saphe-
nous vein (N2), a much larger vessel empties blood 
into a vessel with a lesser diameter. This extra vol-
ume overloads the N2 vessel, and we find a dilata-
tion—classical in superficial vein insufficiency. 
The same occurs with jumps from N2 to N3. This 
volume is drained through re- entry points again to 
the compartment where it arose from, closing a 
recirculation circle and, by the way, overloading 
the deep venous pathways with this extra blood.

As already described by Trendelenburg [24] 
and later by Hach [25], superficial venous insuf-
ficiency is part of a blood flow circle, with an 
escape point (where the blood changes the com-
partment from deep to superficial); a refluxive 

segment, where a blood volume not usually pres-
ent in a superficial vein flows retrograde and tur-
bulent; a re-entry point where the blood finally is 
brought back to the original compartment; and a 
drainage through the deep veins back in its physi-
ological course.

These recirculations have been stratified by 
Franceschi after analysing that they always fol-
low certain patterns into so-called shunts [16, 
22, 23, 26–28]. A shunt is a venous pathway 
that carries not only the physiological drainage 
but also the pathologically deviated blood. The 
flow overload inside the shunt leads to a trans-
mural pressure excess and to the related clinical 
consequences. To understand the shunts, it is 
necessary to have a closer look at the reflux or 
insufficiency points and the re-entry points. 
General definitions around the shunts can be 
found at the start of Chap. 6.

The central point in superficial venous insuf-
ficiency is the volume overload of a saphenous 
vein or tributary by blood from the deep veins. 
Despite this overload, the vessel continues to 
drain the blood of the tributaries with blood flow-
ing from the tributaries (N3) through the reflux-
ive saphenous vein and into the deep veins. Even 
though filled pathologically, the vein still fulfils 
its function of a draining pathway for lots of trib-
utaries. Finally, the net blood flow is out of the 
leg through the deep veins, but this is constantly 
hampered by the recirculation.

3.4  Reflux Sources

The reflux source is the point, where the blood 
flow changes the compartment in a pathological 
way, as described in Sect. 3.3. We distinguish the 
following:

• Reflux from deep veins to saphenous veins 
(N1 → N2)

• Reflux from deep veins into epifascial veins 
(N1 → N3)

• Reflux from saphenous veins to epifascial 
veins (N2 → N3)

• Reflux from pelvic networks into saphenous 
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or epifascial veins
• Reflux from bone perforators

3.4.1  Reflux Sources from Deep 
Veins into Saphenous Trunk 
(N1 → N2)

In case of refluxing saphenous veins, the blood 
source frequently is the deep vein. To be defined 
as “N1 → N2” jump, blood flow has to arise 
directly from a deep vein into a saphenous vein:

• From the femoral vein into the great saphe-
nous vein through the sapheno-femoral junc-
tion (Fig. 3.10a). Note that a “conditio sine 

qua non” is an incompetent terminal valve. 
The reflux must be observed through the 
ostium level emerging from the deep vein (see 
Sect. 4.4.2).

• From the popliteal vein into the small saphe-
nous vein through the sapheno-popliteal junc-
tion (Fig. 3.10b).

• From the deep veins into the great saphenous 
vein through perforating veins (Fig. 3.10c).

• From the deep veins into the small saphenous 
vein through muscle veins or perforating veins 
(Fig. 3.10d).

The further down the leg a perforating vein is 
located, the less likely it is to act as a reflux source 
and the more likely it is to act as a re-entry point. The 

a b
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Fig. 3.10 Reflux source 
from the deep vein (N1) 
to the saphenous trunks 
(N2): (a) Reflux from 
the deep vein into the 
great saphenous vein 
through the sapheno- 
femoral junction. (b) 
Reflux from the deep 
vein into the small 
saphenous vein through 
the sapheno-popliteal 
junction. (c) Reflux from 
the deep vein into the 
great saphenous vein 
through a thigh 
perforator. (d) Reflux 
from the deep vein into 
the small saphenous vein 
through a calf perforator. 
With kind permission 
by [16]
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fact, that a perforating vein is dilated, is not demon-
strating, that it is refluxive (see Sects. 2.4 and 4.7).

These reflux sources (N1 → N2) are found in 
shunt types 1 and 3 according to Franceschi.

3.4.2  Reflux Sources from Deep 
Veins into Varicose 
Tributaries (N1 → N3)

In this case, the reflux from the deep veins (N1) 
escapes through a perforating vein and fills a trib-
utary (N3). The tributary can be the only varicose 
refluxive vessel, or it can—in its further course—
fill a saphenous vein with reflux.

Such a primary reflux source is frequently 
observed in the back of the thigh where the dor-
sal thigh perforating vein originates (Hach perfo-
rator) (Fig. 3.11a).

In athletes, especially footballers, it is not 
unusual to find several refluxive muscle veins 
which fill the lower leg tributaries through perfo-
rating veins (Fig. 3.11b). These patients may 
have various reflux sources. The origin of these 
incompetent perforators is not clear. It might be 
that the pressure on muscle veins or perforating 
veins is too high during repeated exercise or the 
perforators could be destroyed by a direct trauma 

damaging the valve leaflets and leaving these 
veins permanently incompetent.

3.4.3  Reflux Sources 
from Saphenous Trunks into 
Tributaries (N2 → N3)

An antegrade flowing saphenous vein can be the 
origin of a reflux into a tributary. This occurs 
when blood flows out of a competent saphenous 
trunk vein into a varicose tributary (N2 → N3). In 
these cases, reflux is confined to the epifascial 
veins. The saphenous vein carries blood upwards, 
draining its healthy tributaries. At a certain point, 
one tributary is not competent and is filled 
reversely from the saphenous trunks getting 
pathologically dilated. The saphenous trunks in 
this case are not filled from the deep veins or 
from pathologically refluxive pelvic or superfi-
cial inguinal veins.

Varicose veins without saphenous reflux are 
generally a cosmetic problem. They do not 
cause any chronic venous incompetence, since 
they do not increase the total volume flowing 
through the leg.

Following the reservoir theory, this situation is 
the precursor of chronic venous insufficiency 
(see Chap. 12). Many phlebologists advocate 
treatment for these because they could be precur-
sors of saphenous reflux.

3.4.4  Retrograde Flow 
in Saphenous Veins with No 
Proximal Reflux Source

In many patients with saphenous retrograde flow, 
the examiner is unable to find a reflux source 
from the deep vein on duplex ultrasound [13, 29]. 
The junctions and tributaries are competent as are 
the perforating veins and the proximal saphenous 
vein. Further down a discreet retrograde flow 
may be found as successive healthy tributaries 
join in. The rather discreet volume of this flow 

a b 
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Fig. 3.11 Reflux source from the deep vein (N1) to 
tributaries (N3) via perforating veins: (a) Reflux 
through a dorsal thigh perforator (Hach). (b) Multiple 
refluxing perforators at the calf. With kind permission 
by [16]
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towards the foot increases with each joining trib-
utary, but it is still the blood that belongs into the 
saphenous vein—the one drained from tributaries 
(N3–N2). Further down, this retrograde blood 
flow feeds a refluxing tributary. This is the patho-
logical compartment jump, where the blood 
from N2 fills N3. This reverse flow without a 
prior reflux source is very often found by chance 
in the contralateral leg which has minimal or no 
signs of clinical venous disease. It has been called 
shunt type 0 in the current shunt classification 
(see Sect. 3.7).

3.4.5  Reflux Sources Above 
the Inguinal Ligament

Pelvic networks can be the reflux source of vari-
cose veins in the legs. This is deeply explained in 
Chap. 8. This reflux can join the superficial leg 
veins via some variable pathways:

• A tributary of the great saphenous vein in the 
groin especially the pudendal vein from 
medial and the epigastric or circumflex vein 
from cranial

• Refluxive network over the labia in the inner 
thigh joining or not any saphenous vein

• Refluxive network on the abdominal wall with 
flow into the subcutaneous venous network on 
the front of the thigh

• Refluxive network on the medial aspect of the 
thigh, joining or not any saphenous vein

• Refluxive network at the posterior aspect of 
the thigh fed by gluteal perforators, joining or 
not the saphenous veins

A common element in all these variants is that 
the refluxive blood does not come from the leg 
nor from a deep vein but is draining blood from 
the abdominal skin, the scrotum/labia or from 
inner organs in the pelvis, like via the ovarian 
vein. Thus, considering the anatomic compart-
ment concept, these veins are collectors from 
capillaries and would correspond to venous net-
work 3. But as they are not part from the leg 
veins, but from a completely different anatomical 
compartment normally not draining into leg 
veins, a compartment jump is certainly occur-
ring, being the substrate of a varicose vein insuf-
ficiency. To avoid misunderstandings with leg 
venous networks, this reflux source will be repre-
sented as “P” in our schemes.

In clinical practice recirculation from reflux 
sources above the inguinal ligament is a frequent 
source of recurrence after treatment of the leg 
veins. This is because the actual reflux point is 
not eliminated by normal interventions for vari-
cose veins.

Pelvic venous reflux can be demonstrated 
using transvaginal ultrasound and a Valsalva 
manoeuvre.

Ascending and Descending Theories of 

Varicose Vein Progression

Whether reflux originates near the foot and 
progresses upwards or arises from an incom-
petent junction and progresses downwards is 
important. If the direction of progression can 
be predicted, then treatments can be more 
focused. If an ascending pathology is inter-
rupted, this may prevent subsequent incom-
petence of the upper end of the great 
saphenous vein and the sapheno-femoral 
junction [30]. In a standing patient, a reflux-
ive vein is constantly retrogradely filled with 
blood by the force of gravity. Suction into the 
deep veins caused by calf diastole will suck 
blood out of the varicose vein. This in turn 
will result in a downward Venturi force in 
the tributary in addition to the effect of grav-
ity. If these forces continue, then the valves 
in the upper saphenous vein may begin to fail 
leading to the slow development of a retro-
grade flow. When the suction reaches the 
sapheno-femoral junction, this may create a 
reflux source and the formation of a recircu-
lation loop now involving the deep veins [16] 
(see Fig. 3.12). Interestingly, the saphenous 
veins of many patients can regain compe-
tency after the interruption of refluxive tribu-
tary. This can be observed after saphenous 
conservation approaches like CHIVA [11] 
(see Sect. 6.4.1) and ASVAL (see Chap. 12, 
[31, 32]).
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a b c

Fig. 3.12 Ascending progression theory. (a) Varicose 
tributary with a competent great saphenous vein; (b) vari-
cose tributary with a suction (Venturi) effect on the proxi-
mal saphenous vein causing the start of a retrograde flow 

out of part of the saphenous vein and into the varicose 
tributary (c) further ascending progression to complete 
incompetence of the great saphenous vein and the 
sapheno-femoral junction. With kind permission by [13]

a

b

Fig. 3.13 Bone perforators. (a) According to MRI 
images, a reversed flow from the posterior tibial vein into 
the bone marrow at the proximal end of the tibia could be 
demonstrated. The blood flows backwards through the 
bone and fills the bone tributary through a distal hole. 
These perforators have contact either to the saphenous 

vein or to a refluxive tributary. (b) Longitudinally scan of 
the tibia with ultrasound image of the hole in the tibia left 
in B mode with a part of the cortex displaced inside the 
bone. Right in colour duplex with emerging flow from 
inside the bone
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3.4.6  Bone Perforator Reflux

Sometimes reflux seems to emerge directly from 
the tibia through a hole in the shaft. Thirty-five 
cases of so-called bone perforators have been 
published in a review. An MRI investigation 
could show that there was a connection between 
the proximal posterior tibial vein and the bone 
marrow at the proximal end of the bone, filling 
the bone marrow reversely and feeding the bone 
perforator at the distal end ([33], see Fig. 3.13). 
So, it looks like the order of emptying of the 
bone marrow had been reversed. It was no more 
drained through the tibial collateral, but reversely 
filled by it, blood escaping from the bone through 
a distal hole feeding a tributary, which could or 
not connect to the saphenous vein (see Fig. 3.13). 
The flow followed the order: N1 → Bone → N3 
(–N2). Further investigations are necessary to 
enlighten the pathophysiology of these cases. In 
the authors’ experience, the five known cases in 
the own office all had a prior major tibial trauma 
accounting for the hole in the bone.

3.5  Re-entry Points

The point where an incompetent superficial vein 
is drained into the deep vein is called re-entry 
point. It can be drainage from N3 to N1 or N2 to 
N1. Also, a drainage from a refluxive tributary 
(N3) to a saphenous vein (N2) is a re-entry point. 
Always, when refluxing blood starts following 
the compartment rules, we find a re-entry point.

Re-entry points complete the recirculation cir-
cuit. While there is normally only one reflux source 
for every recirculation loop, the number of re-entry 
points is generally greater than one. Different types 
of re-entry points may occur in the same leg.

The furthest distal re-entry point in the circuit 
is the terminal perforating vein (Zamboni 
1998). When varicose veins are clinically visible 
and dilated, there is always a terminal perforating 
vein marking the point where the reflux ends.

Only those perforating veins which have suf-
fered secondary dilatation from re-entry flow will 
serve as re-entry points for a recirculation. Non- 
dilated perforating veins are present but do not par-

ticipate in recirculation. This can be demonstrated 
by measuring the flow in a varicose vein and then 
repeating the measure compressing the distal re-
entry point. Without compression, we find a reflux 
curve (see Fig. 3.9c). Under compression no reflux 
will be seen—even though we know that there are 
some perforators on the way of each vein.

3.5.1  Re-entry from Saphenous 
Trunks (N2–N1)

Perforating veins draining reflux from an incom-
petent great saphenous vein must be sufficiently 
wide for the blood volume involved. Therefore, 
perforating veins which are not dilated in B scan 
(<3 mm) are unable to accommodate this drain-
age and are not significant for the recirculation.

The re-entry point from the refluxive saphe-
nous vein may be a perforating vein in the middle 
of its refluxive segment (Fig. 3.14, single red 
arrow) or a terminal perforating vein below which 
the flow in the great saphenous vein is antero-
grade (Fig. 3.14, double red arrow). The terminal 
perforating vein is not only draining the refluxing 
blood but is also the drainage point for the distal 
part of the great saphenous vein, through which 
the blood flow is anterograde. In addition to this 
draining perforating vein, there are usually reflux-
ive tributaries which drain the recirculation vol-
umes from the great saphenous vein to the deep 
veins through other perforating veins.

3.5.2  Re-entry from Refluxive 
Tributaries to the Deep Veins 
(N3–N1)

The blood from refluxive tributaries can find 
various drainage routes into the deep veins, 
always through a perforating vein. The tribu-
tary can

• Wind for a long stretch until it finally joins a 
terminal perforating vein (Fig. 3.15a)

• Wind without dividing and drain through sev-
eral perforating veins, the last one the terminal 
one (Fig. 3.15b)
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SSV DV GSV

Fig. 3.14 Refluxive great saphenous vein (GSV) from 
the sapheno-femoral junction until a perforator below the 
knee (double red arrow) that drains the blood to the deep 
vein (DV). Another re-entry perforator from the saphe-
nous vein into the deep vein is seen at the thigh (single red 
arrow). The lower one (two arrows) is a terminal perforat-
ing vein through which the below knee part of the compe-
tent great saphenous vein drains in anterograde flow. This 
condition, with two draining perforating veins and no vis-
ible tributaries, is not very often found. With kind permis-
sion from [16]

• Divide into further refluxive tributaries 
drained by the possibilities described above 
(Fig. 3.15c)

3.5.3  Flow Analysis in Perforating 
Veins

As seen in Sect. 2.4, not every dilated perforating 
vein is a refluxing one, as supposed in the begin-
nings of modern phlebology. It is known that lots 

of perforators are present in the path of a varicose 
vein, but only the enlarged perforators can effi-
ciently drain a refluxive blood volume or act as 
escape point feeding a varicose vein with reflux-
ing blood.

We have seen in this chapter that most of the 
perforators are draining the recirculation, thus 
taking part in the pathological flow, but not as 
“creators” of reflux but as equalizers of pressure 
and draining pathways, as consequence of 
pathology.

The possibilities of flow in systole and dias-
tole are presented in Table 3.1 [34].

3.5.4  Re-entry from a Tributary into 
a Saphenous Vein (N3–N2)

There are several possible variants:

• The tributary drains into the same saphenous 
vein from which it has received the reflux. 
The saphenous segment between the proxi-
mal and distal end of the refluxive tributary 
can be competent or not, as well as the distal 
segment of the saphenous vein. A reflux can 
escape and re-enter a saphenous vein twice 
(117 from 770 legs, 15.2% of cases in great 
saphenous vein) or three times (5 from 770 
legs, 0.7% of cases in great saphenous vein) 
[35] (Fig. 3.16).

• A refluxive tributary drains into the other 
saphenous vein (usually the small saphenous 
vein) which is not the original source of the 
reflux. In this case the draining saphenous 
vein may itself become incompetent 
(Fig. 3.16), but it may also carry the reflux 
volume antegrade into the deep veins through 
its junction. This may be the precursor of the 
situation described above with reflux through 
both saphenous junctions.

Refluxive connections between the saphenous 
trunks are confusing when trying to assess hae-
modynamics. Special attention must be paid to 
these connecting veins between small and great 
saphenous veins during examination.
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a

b c

N2 N1 N2 N3

N2 N1 N2 N3 N2 N1 N2 N3

Fig. 3.15 Varicose tributary showing the different drain-
age possibilities via the perforating veins (shown as a blue 
dot): (a) Through a single terminal perforating vein. (b) 
Through several perforating veins; the last one is the ter-

minal perforating vein. (c) Through several tributaries, 
with terminal perforating veins at the end. With kind per-
mission from [16]

S. Gianesini et al.



55

a b

c

SSV DV GSV SSV DV GSV

SSV DV GSV

Fig. 3.16 Reflux from the great saphenous vein (GSV) 
into a tributary (N2–N3), draining back to the same GSV, 
which again is refluxive after the joining of the refluxive 
tributary. Then the reflux drains (a) Through a further 
tributary and a perforator (N2 → N3–N1). (b) Through a 
perforator on the GSV itself (N2–N1), as well as through 
a further refluxive tributary and a perforator (N2 → N3–

N1). (c) Reflux from the great saphenous vein into a 
tributary (N2 → N3) draining into the small saphenous 
vein (SSV). This can drain the blood via the junction 
(antegrade flow, blue arrow) or can be filled pathologi-
cally by the reflux (reflux, red arrow). With kind permis-
sion from [16]
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3.5.5  Re-entry from a Tributary 
Through a Poorly Drained 
Venous Network

Occasionally a dilated perforating vein cannot be 
identified at the end of a varicose tributary. This 
is common with reticular varices which are 
remote from the anatomical distribution of the 
saphenous trunks, for example, the lateral and 
posterior sides of the thigh and the lateral side of 
the calf. Reticular varices are partially intrader-
mal, very little veins and form an unsightly 
venous network. They drain into perforating 
veins which are not visible either clinically or on 
ultrasound. Flow and reflux in reticular veins are 
very slow and barely measureable on ultrasound 
with usual devices.

A poorly drained re-entry can also be the con-
sequence of venous treatment, if too much re- 
entry paths are disconnected, leaving a saphenous 
vein or tributary without sufficient drainage (see 
Sect. 6.10.2).

3.5.6  Drained and Poorly Drained 
Systems

The flow rate in a refluxive vein depends on three 
main variables:

• The reflux source
• The compliance of the refluxive vein
• The calibre of the re-entry perforating vein

Compliance is the capacity of the vein wall to 
adapt incoming volume (see Sect. 2.6.3). If the 
patient has been standing for some time, the veins 
become quite full regardless of their compliance. 
The calibre of the re-entry perforating veins 
then has a considerable influence on the flow 
curve. During muscular diastole, only so much 
blood will flow towards the foot as can pass back 
into the deep veins through the perforating vein. 
Thus, the perforating vein acts like a gatekeeper 
throttling the rate of recirculation.

3.5.6.1  Drained System
Because of their capacity to stretch, varicose 
veins receive more blood than their diameter at 
rest allows. This excess of blood then flows down 

to drain through the large calibre perforating 
veins, allowing the vein to collapse. The flow 
curve in PW mode will rise steeply and then fall 
again over a few seconds during a stimulation 
manoeuvre. These patients generally have large 
calibre, very winding varicose tributaries, but lit-
tle distress.

3.5.6.2  Poorly Drained System
If, however, the vein wall is rigid and stiff, with 
no stretch capacity, only a small amount of blood 
will be received proximally at the start of muscu-
lar diastole. Small calibre perforating veins also 
hamper drainage. Only so much blood will be 
able to enter the vein as can be drained distally. A 
further cause of a poorly drained system is an 
impaired muscle pump. If the deep veins are not 
properly emptied during systole, no pressure 
drop can be generated during diastole to allow 
the superficial veins to empty.

The blood will flow very slowly in the vari-
cose vein demonstrated by the curve in PW 
duplex which is long and flat. In many 
instances, the flow may be too slow to measure 
even after adjusting the machine settings. Slow 
flow results in higher transparietal pressure 
leading to the formation of an oedema or mat-
ting after surgery. This group often includes 
patients with scarcely visible varices but suffer 
the distress associated with chronic venous 
insufficiency [16].

3.6  Combination of Reflux 
Sources and Re-entry Points

As we have seen above, different possibilities of 
reflux sources and re-entry points can be com-
bined to create a pathologic flow in leg veins, a 
recirculation or a veno-venous derivation (shunt 
according to Franceschi).

Before explaining the shunt concept accord-
ing to Franceschi, the possible participation of 
each network is summarized:

The deep veins (N1) can feed the interfascial 
veins (N1 → N2) and the epifascial veins 
(N1 → N3) pathologically. They can drain the 
blood from saphenous veins (N2–N1) and from 
tributaries (N3–N1).
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The interfascial veins (N2) can be pathologi-
cally fed by the deep vein directly (N1 → N2) or 
via a refluxing tributary (N1 → N3–N2) or a 
bone perforator (N1 → B → N3–N2). Saphenous 
veins can be fed by the pelvic network in the 
groin (P → N2) or via a superficial thigh tribu-
tary (P → N3–N2). Competent interfascial veins 
can feed tributaries with reflux (N2 → N3). 
Interfascial veins can drain their pathologically 
refluxing blood to the deep veins through a 
 perforator (N2–N1) or via a tributary 
(N2 → N3–N1).

The epifascial veins can be fed pathologically 
by a competent saphenous vein (N2 → N3), by a 
refluxing saphenous vein (N1 → N2 → N3 or 

P → N2 → N3), by a perforating vein (N1 → N3), 
by the pelvic network (P–N3) or by a bone perfo-
rator reflux (N1 → B → N3). It can drain via a 
perforator (N3–N1), via a competent saphenous 
vein through its junction or a perforator (N3–N2–
N1). Depending on these possible combinations 
(see Table 3.2), the shunt type classification was 
created.

More than one reflux source may occasion-
ally be found in a leg when there is retrograde 
flow from the deep veins at several independent 
points, or two independent tributaries are filled 
refluxively from a saphenous vein with ante-
grade flow. In these cases, the higher reflux 
source is generally more important, for example, 

Reflux Type N1 P B N3 N2 N3 N2 N3 N1 Description Shunt Type Figure

N1 – N2 N1 – N2 – N1 1
3.19a, 3.22

N1 – N2 – N1

N3 – N1
1+2

3.25

N1 – N2 – N3 – N1 3 3.26a

Pelvic Reflux P – N2 – N1
4 Pelvic

3.27a

P – N3 – N2 – N1 3.27b

P – N2 – N3 – N1
5 Pelvic

3.29a

P – N3 – N2 – N3 – N1

N1 – N3 N1 – N3 – N2 – N1 4 Perforator 3.27c

N1 – N3 – N2 – N3 – N1 5 Perforator 3.29b

N1 – N3 – N2 6 3.30

N2 – N3 N2 – N3 – N2 2 3.23, 3.24

Bone Perforator (N1) – B – N3 – N1 6 3.13

(N1) – B – N3 –N2 – N1 4 Perforator

(N1) – B – N3 – N2 – N3 – N1 5 Perforator

Two Sources 1 N1 – N2 – N3 3 3.17a

2 N1 – N3     – N2 – N3 – N1* 5 Perforator

Table 3.2 Combination of reflux sources and re-entry points

N1 deep veins, N2 interfascial veins (saphenous veins), N3 tributaries, P reflux from pelvic networks, B bone perforator 
reflux
* Path 1: Reflux from the deep vein through the great saphenous vein, draining in a tributary, that joins the small saphe-
nous vein and mid-calf
Path 2: Reflux through a dorsal thigh perforator into a tributary, that fills the short saphenous vein below the knee fold
Draining path: Reflux leaves the small saphenous vein through a tributary, that drains into the deep veins through a 
perforator
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a refluxive sapheno-femoral junction and a 
refluxive perforating vein in the back of the thigh 
(Fig. 3.17a). However, the reverse may occur, for 
example, if there is minor reflux from the pelvis 
through the pudendal vein which fills the great 
saphenous vein in retrograde flow, but the latter 
is only really dilated and refluxive from a perfo-
rating vein in the adductor canal (formerly Dodd) 
(Fig. 3.17b). Evaluation of the flow curves in 
PW mode is particularly important in prioritising 
the relative importance and contribution of a 
reflux source. Diagnostic problems arise when 
both saphenous junctions are refluxive and the 
saphenous trunk veins are connected by a tribu-
tary (ramus communicans). In this case it cannot 
always be clearly established whether the 
small saphenous vein suffered the primary 
incompetence or if it started as the drainage 

route of the great saphenous vein and at some 
point was so volume overloaded that it subse-
quently became incompetent (Fig. 3.18).

It is also possible for two independent discon-
nected recirculation circuits to occur.

3.7  Shunt Concept 
and Classification

Depending on the reflux source and the draining 
pathways, Franceschi developed the concept of 
shunt as a veno-venous derivation [27, 28, 36]. 
After gaining more information and experience 
in 2002, the shunt types were restructured [16, 
22, 26].

As reported in the section Anatomy (Chap. 2), 
the hierarchical order of venous emptying is from 

a b

SSV DV GSV SSV DV GSV

Fig. 3.17 Examples of coexisting reflux sources in recir-
culation (principal reflux source, light red), with an addi-
tional recirculation (lesser reflux source, dark red). (a) 
Recirculations flow through the sapheno-femoral junction 

perforating vein. (b) Slight reflux from the pelvis with the 
principal recirculation from a perforating vein in the 
adductor canal (formerly Dodd). With kind permission 
from [16]
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network 3 (N3 = epifascial veins) to network 2 
(N2 = interfascial veins, saphenous veins) and to 
network 1 (N1 = deep veins). Other veins rele-
vant for the shunts are the supra-inguinal veins 
filling the leg vein system with blood. In this 
chapter, these vessels are summarized as “P” for 
pelvic reflux. In this model, a shunt is defined as 
a flow pattern with whatever subversion of the 
hierarchical order of venous drainage. A shunt is 
a venous pathway that carries not only the physi-
ological drainage but also the pathologically 
deviated blood. The flow overload inside the 
shunt leads to a transmural pressure excess and to 
the related clinical consequences of chronic 
venous insufficiency. (See also start of Chap. 6 
for definitions.)

There are different groups of shunts, depend-
ing on the circumstance the flow changes the ana-
tomical compartment:

• At rest (permanent)
• During muscular contraction (systole)
• During muscular relaxation (diastole)

These conditions can appear alone or in com-
bination, so that three main types of shunts are 
haemodynamically described, according to their 
anatomical constitution, and their overloading 
flow feature (permanent, systolic or diastolic) 
[22, 26–28, 36]:

• Closed (CS)
• Open deviated shunts (ODS)
• Open bypassing shunts (OBS), originally 

called open vicarious shunts (OVS)

3.7.1  Closed Shunt

A closed shunt (CS) derives its name from the 
fact that it forms a “closed” circuit among the 
escape point and the re-entry point, as described 
by Trendelenburg’s “private circulation” [24] and 
by Hach’s “recirculation” [25].

During the muscle pump diastole, a closed 
shunt is overloaded through the escape point with 
flow from a deeper compartment to a more super-
ficial compartment. The pressure gradient feeding 
the reflux is provided by the venous muscle pump 
during diastole and by the height of the incompe-
tent hydrostatic column into the shunting vein 
(see Fig. 3.9). Most of the superficial venous 
insufficiencies, involving N2 and N3, are closed 
shunts, and their types are described in Sect. 3.8.

3.7.2  Open Deviated Shunt

An open deviated shunt (ODS) is not associated 
with a recirculation, and the blood changing the 
anatomic compartment is not returning to the 
start, as in the closed shunts. It is just a deviated 
drainage pattern leading to a venous pressure 
increase in the N3 vessel that is overloaded only 

SSV DV GSV

Fig. 3.18 Reflux in the great saphenous vein with drain-
age through a tributary into the small saphenous vein. 
The proximal section of the small saphenous vein is 
dilated but not significantly refluxive at first. Instead 
there is an oscillating flow pattern refluxing upwards on 
calf muscle diastole. Later, tributaries may also carry 
some of the reflux and offer a drainage route from the 
great and small saphenous veins (dotted lines). Thus, 
both veins are refluxive, even though the small saphenous 
vein was not refluxive at the start. Nevertheless, the prin-
cipal reflux source is from the great saphenous vein. With 
kind permission from [16]
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by the blood coming from a saphenous vein. 
There is no refluxing N1 → N2 connection nor 
any footward flow in the saphenous veins fed by 
physiologically draining veins (see shunt type 2, 
Sect. 3.8.2). Its clinical implications are very lit-
tle, only the visible tributary can be bothering.

This is the case when a tributary is retro-
gradely fed by a competent saphenous vein and 
the drainage of the tributary is either through the 
other saphenous vein or through a perforator 
directed to the deep vein, so that no recirculation 
circle is closed (see Fig. 3.19). It is different to 
the closed shunt 2, described in Sect. 3.8.2. An 

open deviating shunt is only active in muscular 
diastole; during systole all involved veins drain 
towards the heart and following the compartment 
rules. 

3.7.3  Open Bypassing Shunt 
(Franceschi: Open Vicarious 
Shunt)

An open bypassing shunt bypasses venous 
obstructions, like thrombotic or post- 
thrombotic changes or functional muscle com-

N2 – N3 – N2  

N2 – N3 – (another) N2  N2 – N3 – N1  

a

b

Fig. 3.19 Closed and 
open deviating shunt 
type 2. (a) Closed shunt 
type 2: The blood from 
the competent great 
saphenous (N2) vein 
feeds a refluxing 
tributary (N3), which 
drains again into the 
same saphenous vein, so 
the blood closes a 
recirculation circle. 
N2 → N3–N2. (b) Open 
deviating shunt, open 
shunt type 2: The blood 
emerges from the great 
saphenous vein. Reflux 
through N3 (Tributary) 
drains into the short 
saphenous vein 
(N2 → N3–different N2, 
left image) or a 
perforator (N2 → N3–
N1, right image). The 
blood in the refluxive 
segment doesn’t return 
to the start of the 
recirculation; that is why 
it is called open shunt. 
With kind permission by 
[16]
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pression of veins. Claude Franceschi used the 
term open vicarious shunt based on the fact 
that a vicar is a substitute and the shunt is a 
substitute for an obstructed pathway. As this 
wording has provoked criticism in those per-
sons not understanding the meaning of vicari-
ous, in this book we offer an alternative 
terminology to vicarious, introducing the term 
bypassing shunt.

Usually the escape point is distal to the 
obstruction, filling a more superficial compart-
ment with the blood from the closed or (partially) 
obstructed segment. The return to the original, 
deeper compartment through a re-entry point 
occurs proximal to the obstacle.

This open bypassing shunt is fed by the resid-
ual pressure increased by the resistance due to the 
venous obstruction, so diverting the flow in a 
more superficial channel in order to bypass the 
obstacle (Fig. 3.20).

As a consequence of the obstruction, a trans-
mural pressure increase occurs so dilating the 
distal veins, hampering the drainage and forcing 
the blood to shunt usually towards a more super-
ficial compartment where the resistance is lower. 
The progressive dilatation of the open bypassing 
shunt reduces this resistance, and the upstream 
transmural pressure decreases in proportion.

Contrary to a closed shunt and an open devi-
ated shunt, the open bypassing shunt is NOT acti-
vated during the diastole, but only during the 
venous muscle pump systole and sometimes per-
manently when the bypassed obstacle is hemody-
namically very important, even at rest. 

The open bypassing shunt (open vicarious 
shunt) is a “natural defence mechanism” to 
bypass a closure and make sure that the distal leg 
veins are drained. So, the open bypassing shunt 
has to be spared. For that reason, it is very impor-
tant to distinct the shunt types during the exami-
nation, as open bypassing shunts have to be 
respected and not confused with closed shunts or 
open deviating shunts.

On the other hand, this phenomenon explains 
the part of the varicose recurrence after ablation 
of superficial veins. Indeed, due to the residual 
pressure in tributaries left in the leg without drain-
ing pathway, the ablated veins are progressively 
bypassed by varicose collaterals. This could pro-

vide a rationale for the better long-term outcome 
that is observed comparing CHIVA versus abla-
tive strategies [37, 38]. 

Anatomic example: In the presence of a proxi-
mal thigh femoral vein occlusion by an organised 
thrombus, a perforating vein distally connecting 
the same femoral vein to the great saphenous vein 
can reverse its drainage direction, allowing flow 
from the deep vein (N1) towards the more superfi-
cial N2 network. If the saphenous vein valves are 
competent, this shunted blood drains in a cardiope-
tal direction, so bypassing the femoral obstruction 
and then finding its re-entry point at the sapheno-
femoral junction, as depicted in Fig. 3.20.

Fig. 3.20 Open bypassing shunt with an obstruction in 
the femoral vein. Distal to it, the pressure in the deep vein 
is high, thus finding an escape point through a perforator, 
filling the great saphenous vein and draining back into the 
proximal common femoral vein. The shunting blood flows 
in systole, thus the arrows are yellow
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Another example is a femoral vein obstacle 
diverting the blood from the popliteal vein (N1) 
through the sapheno-popliteal junction into the 
Giacomini vein and thus into the great saphenous 
vein, in order to get back into the deep system by 
the sapheno-femoral junction (see Fig. 3.31).

Also in case of left iliac venous obstacle, the 
hindered femoral flow (N1) can force a reflux 
through the sapheno-femoral junction as escape 
point, then proceeding through the great saphe-
nous vein arch, its upper tributaries (N3) will get 
dilated. The flow will fill the pelvic net or more 
frequently the subcutaneous plexus at the level of 
the pubis and finally join the opposite femoral 
vein (N1) through the opposite great saphenous 
vein and its sapheno-femoral junction as re-entry 
point. A spontaneous femoro-femoral anastomo-
sis, so-called Palma anastomosis, is formed. This 
is a typical open bypassing shunt.

It is evident how an open bypassing shunt is 
actually a natural defence against venous hyper-
tension. In the above depicted scenario, no 
aggressive indications are requested: just an 
appropriate elastic stocking compression, an 
anticoagulant scheme depending on the history 
of thrombosis and risk factors and an accurate 
sonographic follow-up.

3.7.4  Reflux Without Escape Point: 
Shunt Type 0

A footward flow but without pathological com-
partment jumps can be observed sometimes, 
when a reflux in the great saphenous vein is not 
fed by an escape point nor a refluxive tributary is 
found. It could be defined by: (?)–N2–N1. That 
means after a thorough exam of the saphenous 
vein, no refluxive perforator or junction or groin 
tributary with reflux under Valsalva manoeuvre 
can be found feeding the refluxive saphenous 
vein. And no refluxive tributaries drain the vein, 
but a perforator connecting the saphenous vein to 
the deep vein. As there are no pathological com-
partment jumps, the definition of shunt is not ful-
filled. But as the definition of reflux (diastolic 
flow in opposite direction as the physiologic 
flow) lasting longer than 0.5–1 s is fulfilled, this 
situation was defined as shunt type 0 (see 

Fig. 3.21) [16]. The retrograde is originated by 
physiologically draining vein that feeds the 
saphenous vein. Thus, the question mark can be 
substituted by N3: N3–N2–N1. No compartment 
jumps to be found, so this downward flow does 
not overload the system. The amount of blood is 
exactly the one the great saphenous vein is 
designed to drain, coming from tributaries and 
directed towards the deep vein—via a distal per-
forator instead of a proximal one or the sapheno- 
femoral junction. It should not be forgotten, that 
depending on the length of the segment affected 
by the shunt type 0, the hydrostatic pressure col-
umn increases and can condition the formation of 
refluxive tributaries to drain the volume, thus, a 
shunt type 0 could be a precursor of a shunt, as 
described in Sect. 3.8.2.

3.8  Closed Shunts

A closed shunt (see Sect. 3.7.1) is a recirculation 
with reflux point and re-entry point, where the 
blood returns to its origin. In shunt types 1 and 3, 
the saphenous veins are filled directly from the 
deep veins. Together they are the most frequent 
shunt types, accounting for about 60% of cases. 
Shunt types 4 and 5 filled by supra-inguinal 
reflux sources are the next frequent group (about 
25% of cases), followed by shunt type 2 (about 
15% of cases). Shunt 6 is seldom to be found.

3.8.1  Shunt Type 1

This recirculation always affects the saphenous 
veins (N2). Its source is the deep system 
(N1 → N2). The saphenous vein is filled directly 
from the sapheno-femoral or sapheno-popliteal 
junction or through a perforating vein (Fig. 3.22). 
The recirculating blood drains back into the deep 
system directly from the saphenous vein through 
a perforating vein without being diverted through 
a tributary. The N3 network is not involved in the 
principal recirculation. The principal circuit is 
therefore deep vein (N1), saphenous vein (N2) 
and deep vein (N1).

Usually, N3 tributaries are also filled from 
the refluxive N2 vein which may themselves 
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become refluxive and varicose. An important 
point defining shunt type 1 is that the drainage 
from the saphenous vein occurs irrespective of 
additional tributary drainage (see also Sect. 
3.8.3). Shunt type 1 with refluxive tributaries is 
called shunt type 1 + 2. A pure shunt type 1 with 
no refluxive tributaries is rare.

The most important criterion for the shunt 
type 1 is that blood is transported directly from 
the dilated saphenous vein by a dilated perfo-
rating vein back into the deep system: Deep 
vein (N1) – Junction/perforator to saphenous 
vein (N2) – Perforating vein to deep veins 
(N1).

3.8.2  Shunt Type 2

The deep veins are not involved in the classical 
closed shunt type 2 (see Fig. 3.19a). The recircu-
lation occurs only in the superficial veins. 
Consequently, a smaller volume of blood is 
involved in the recirculation. The general clinical 
appearance is of mildly dilated tributaries which 
are only cosmetically undesirable. The reflux 
source is from a N2 saphenous vein with normal 
antegrade flow. This fills an N3 tributary which 
then drains back into the saphenous vein 
(Fig. 3.19a). This closed type of shunt 2 is not 
often found. Mostly an open deviated shunt is 
found with drainage of the reflux into a perforat-
ing vein (Fig. 3.19b) or the other saphenous vein. 
This situation is termed as open deviating shunt 
because there is no recirculation. The blood does 
not flow back to its source (see Sect. 3.7.2).

In type 2 open shunts, the system is not over-
loaded by volume because of the absence of a 
recirculation circuit. However, the tributary may 
also be cosmetically bothering. This is because it 

In Summary Shunt Type 1

(1) Reflux source from the deep veins 
directly into the saphenous vein. (2) Reflux 
down the saphenous vein. (3) Re-entry 
through a perforating vein directly from the 
saphenous vein.

ba

N3 – N2 – N1  N3 – N2 – N1  

Fig. 3.21 Shunt type 0. (a) Physiologically draining 
tributaries (N3) feed the saphenous vein. The valves are 
not competent; the drained blood flows footwards and 
drains through a perforator into the deep vein. No com-
partment jumps visible, only backflow of longer than 
0.5 s. (b) Evolution of the situation depicted in image 

(a). All the tributaries feed the saphenous vein retro-
gradely—the only competent valve is the terminal valve. 
Still there is no tributary with a retrograde flow lasting 
longer than 0.5 s (as would happen with a pelvic reflux, 
see Sects. 3.8.5, 3.8.6 and 3.8.7). With kind permission 
from [16]
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a

N1 – N2 – N1  N1 – N2 – N1  

b

Fig. 3.22 Shunt type 1. 
(a) Refluxing great 
saphenous vein, escape 
point; sapheno-femoral 
junction, re-entry; direct 
perforator connecting 
the saphenous vein with 
the deep vein N1 → N2–
N1 on the left; on the 
right we find two direct 
perforators. No refluxive 
tributaries are found. (b) 
Competent sapheno- 
femoral junction with 
reflux originating from 
the perforating vein in 
the adductor canal, 
re-entry like in (a). 
With kind permission 
from [16]

dilates to accommodate the blood from the rela-
tively larger diameter saphenous vein.

Regardless of whether there is an open or 
closed type 2 shunt, a reversal of saphenous flow 
may occur above the outflow point of the incom-
petent tributary. This can be detected with duplex 
ultrasound as a weak signal over a variable dis-
tance upwards. The source of this reflux is not eas-
ily identified. It is not from a proximal reflux 
source arising from a junction with the deep veins. 

Instead, the blood leaking into the saphenous vein 
is from healthy tributaries further up (see also 
shunt type 0, Sect. 3.7.4). The flow direction in the 
saphenous vein between the healthy tributaries and 
the refluxive tributary is retrograde for a segment 
until it flows out into the refluxive tributary. One or 
two incompetent valves in the saphenous vein 
facilitate this process (see also Fig. 3.22). To iden-
tify these conditions, the shunt type 2 has been 
further subdivided into three groups [26]:
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• A In case no reflux is found in the saphenous 
vein above the refluxive tributary (see 
Fig. 3.19).

• B In case reflux with no escape point is found 
in the saphenous vein above the refluxive trib-
utary—but no draining perforator can be 
identified on the saphenous vein (see 
Fig. 3.23).

• C In case reflux with no escape point is found 
in the saphenous vein above the refluxive trib-
utary and—in addition to the refluxive tribu-
tary—a draining perforator is found on the 
course of the saphenous vein (see Fig. 3.24).

In type 2A shunt, the escape point is from N2 
to N3, without saphenous vein incompetence, so 
characterizing a mild N3 overload is easy to be 
treated by the interruption of the N3 flush at the 
confluence with N2.

In type 2B shunt, the escape point is also from 
N2 to N3, but the refluxing saphenous vein seg-
ment above the escape point is longer and with-
out any focused re-entry point perforator. N3 is 
overloaded in proportion to this refluxing 
 saphenous vein segment height. Its disconnection 
leaves behind a no more refluxing GSV segment 
but a heavy high blood column that could lead to 
more frequent recurrences.

a b c

N2 – N3 – N2 N2 – N3 – N2 N2 – N3 – N1

Fig. 3.23 Shunt type 2B. Reflux in the great saphenous 
vein without escape point, filling a refluxing tributary. 
This one drains: (a) Into the saphenous vein (closed 

shunt), (b) Into the other saphenous vein (open deviated 
shunt), (c) Into a perforating vein (open deviated shunt). 
With kind permission from [16]

N2 – N3 – N1

N2 – N1

Fig. 3.24 Shunt type 2C. Reflux in the great saphenous 
vein without escape point, draining into a perforating vein 
on the saphenous vein itself and through a tributary, which 
also drains into a perforating vein (open deviated shunt). 
With kind permission from [16]
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The type 2C shunt is like 2B except for the 
presence of one or more re-entry perforators 
draining the saphenous vein high refluxing seg-
ment. These re-entry point could ease the drain-
age of the N2 remaining column after the N3 
disconnection, leaving a shunt type 0 (see Sect. 
3.7.4) and reducing the risk of recurrence.

3.8.3  Shunt Type 1 + 2

As described in shunt type 1, the “pure” form—
without refluxive tributaries—is seldom. Most of 
the times, in addition to the recirculation  affecting 
the saphenous vein and draining through a perfo-
rator, refluxive tributaries are fed from the recir-

culating blood. This condition is called shunt 
type 1 + 2, because both shunts are present see 
(Fig. 3.25).

Independently on the amount of refluxive trib-
utaries present, a recirculation would persist, if 
all the tributaries would be removed, because it 
still would be a drainage on the saphenous vein 
through the re-entry perforator (see also Sect. 
3.8.9).

3.8.4  Shunt Type 3

As with shunt type 1, the primary reflux source in 
shunt type 3 is a connection between the deep 
veins and the N2 network (N1 → N2). The 
 saphenous vein is filled directly from the deep 
vein, either through a saphenous junction or a 
perforating vein. In contrast to shunt type 1, no 
efficient draining perforator is found in the 
refluxive segment of the saphenous vein. Even 
though perforators are present, they are not 
involved in the drainage of the shunt. Thus, the 
whole refluxive volume passes to one or more 
tributaries (N3). It is the N3 tributaries which 
return the blood to the deep veins. This may 
occur in different ways, either directly through a 
perforating vein (Fig. 3.26a) in which case the 
tributary may split and lead the blood to several 
perforating veins, alternatively, back into a 
saphenous vein (Fig. 3.26b and c). The small 
saphenous vein may also act as a drainage path-
way and become incompetent as a result 
(Fig. 3.26d). 

It is important to note that only those perforat-
ing veins which are dilated on ultrasound may be 
considered in shunt classification. A strategy to 
differentiate between shunt types 1 and 3 is 
described in Sect. 3.8.9.

In shunt type 3, the reflux begins in the 
saphenous vein having originated from the deep 
veins. Thereafter it does not flow from the 
saphenous vein into the deep system directly but 
through an intermediate tributary. This varicose 
tributary is a key player in the recirculation cir-
cuit. Without the tributary, there would be no 
recirculation.

N1 – N2 – N1

N3 – N1

Fig. 3.25 Shunt type 1 + 2. Combination of a shunt 1 
(N1 → N2–N1) with an open shunt 2 (N2 → N3–N1). 
With kind permission from [16]

In Summary Shunt Type 2

(1) Reflux source from a saphenous vein 
into a tributary. (2) Reflux in tributary. (3) 
Re-entry through the same saphenous vein 
(closed shunt) or a perforating vein or 
another saphenous vein (open deviated 
shunt).
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3.8.5  Shunt Type 4

In shunt type 4, the recirculation involves the 
saphenous vein. However, the reflux source is 

not N1–N2. There is no reflux through the junc-
tion or a direct perforating vein. Instead the 
reflux source is from pelvic veins (pelvic shunt 
type 4, the commonest, Fig. 3.27a) or from a 
perforating vein, which fills the saphenous vein 
through a tributary (perforating shunt type 4, 
less common Fig. 3.27b). The re-entry point of 
the recirculation is through a perforating vein, 
directly from the saphenous vein, irrespective 
of whether there are further re-entry points 
from a distal varicose tributary. The shunt type 
4 re-entry corresponds to the re-entry in shunt 
type 1.

a b

N1 – N2 – N3 – N1 N1 – N2 – N3 – N2 – N1

c d

N1 – N2 – N3 – N2 – N3 – N1 N1 – N2 – N3 – (a)N2 – N1

Fig. 3.26 Shunt type 3. 
Reflux from the deep 
vein fills the great 
saphenous vein and 
drains through a 
tributary. The segment 
of the great saphenous 
vein immediately distal 
to the offspring of the 
refluxive tributary is 
competent. The tributary 
might drain: (a) Via a 
perforator 
N1 → N2 → N3–N1, (b) 
Via the great saphenous 
vein and a direct 
perforator 
N1 → N2 → N3–N2–
N1, (c) Via the great 
saphenous vein and a 
new tributary draining 
into a perforator 
(N1 → N2 → N3 → N3–
N3–N1), (d) Via the 
small saphenous vein 
(N1 → N2 → N3–
(another) N2–N1). 
With kind permission 
from [16]

In Summary Shunt Type 3

(1) Reflux source from a deep vein directly 
into the saphenous vein. (2) Reflux through 
the saphenous vein and a tributary. 
(3) Re-entry through a tributary into a per-
forating vein or saphenous vein.
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3.8.6  Shunt Type 4 + 2

The same as in the case of shunt type 1, most 
often we find in addition to the drainage through 
the perforator connected to the saphenous vein 
one or more refluxive tributaries fed by the reflux-
ing saphenous vein. In analogy, this situation is 
called shunt type 4 + 2 (see Fig. 3.28).

3.8.7  Shunt Type 5

In the shunt type 5, the reflux source into the 
saphenous vein is the same as shunt type 4. There 
is also the pelvic shunt type 5, the commonest 
(Fig. 3.29a), or a perforating shunt type 5, less 
common (Fig. 3.29b). The pelvic shunt might 

feed the saphenous vein directly through a groin 
tributary or via a tributary, as described for shunt 
type 4.

However, re-entry is different. The re-entry 
volume flows into a tributary at the lower end of 
the refluxive segment of saphenous vein. In con-
trast to shunt type 4, there are no draining perfo-
rating veins on the saphenous vein.

There are many possible reflux sources in 
pelvic shunt types 4 and 5.

 – The reflux enters the great saphenous vein 
through the junction tributaries. The reflux 
starts just below the sapheno-femoral 
confluence.

In Summary Shunt Type 5

(1) Reflux source from the pelvic compart-
ment or perforating vein into the saphenous 
vein. (2) Reflux down the saphenous vein 
and a tributary. (3) A tributary is interposed 
between the refluxing saphenous vein and 
the re-entry perforating vein.

a b

P – N2 – N1 P – N3 – N3 – N1 N1 – N3 – N2 – N1

Fig. 3.27 Shunt type 4. (a) Pelvic type feeding the saphenous vein via a groin tributary (left): P → N2–N1 or via a 
 subcutaneous tributary (right): P → N3–N2–N1, (b) Perforating type N1 → N3–N2–N1. With kind permission from [16]

In Summary Shunt Type 4

(1) Reflux source from a pelvic or perforat-
ing vein into the saphenous vein. (2) 
Reflux down the saphenous vein. 
(3) Re-entry through a perforating vein 
directly from the saphenous vein.
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 – Recirculation through the labia into a reticular 
network in the inner thigh which leads into the 
posterior accessory saphenous vein and then 
the great saphenous vein. This may result in a 
varicose reticular network on the inner and 
posterior thigh.

 – The reflux from a junction tributary fills the 
anterior or posterior accessory saphenous 
veins which derive the reflux via a tributary 

into one of the two saphenous trunks. The 
great saphenous vein is the commonest trunk 
involved.

3.8.8  Shunt Type 6

All other possibilities of a recirculation circuit 
without refluxing pathways through the saphe-

a b

P – (N3) – N2 – N1 N1 – N3 – N2 – N1

N3 – N1 N3 – N1

Fig. 3.28 Shunt type 
4 + 2 reflux source as in 
Fig. 3.27, the principal 
drainage remains 
directly from the 
saphenous vein (N2–N1) 
irrespective of other 
refluxive tributary 
drainage points. (a) 
Pelvic type feeding the 
saphenous vein via a 
groin tributary 
P → N2–N1 (the option 
with an interposed 
tributary has been left 
out), (b) Perforating 
type N1 → N3–N2–N1. 
With kind permission 
from [16]

a b

P – (N3) – N2 – N3 – N1 N1 – N3 – N2 – N3 – N1

Fig. 3.29 Shunt type 5. (a) Pelvic type with reflux from 
the supra-inguinal networks: P → (N3)–N2 → N3–N1. (b) 
Perforating type N1 → N3–N2 → N3–N1. Note that there 

is no draining perforator on the saphenous vein. With kind 
permission from [16]
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nous veins can be defined as a shunt type 6 (see 
Fig. 3.30).

3.8.9  Differentiation Between 
Shunt Type 1 and 3 or Type 4 
and 5

Differentiating between the two commonest 
shunt types (1 and 3) and the less common shunt 
types 4 and 5 has clear therapeutic implications. 
This is because of the importance of the tributary 
(shunt types 3 and 5) as a re-entry point. For the 
design of the strategy, the differentiation between 
a refluxive saphenous vein drained by a perfora-
tor and drained by a tributary is of high impor-
tance (see Sect. 6.4.1). The differentiation is 
performed using duplex ultrasound. The test is 
called the reflux elimination test = RET 
(Fig. 3.31) [11, 16, 39].

3.9  Combination of Shunts

3.9.1  Combination of Open 
deviated and Closed Shunts

Most of the time, two different shunt types coex-
ist in the different anatomical compartments.

A closed shunt with an escape point from N1 
to N2 and a re-entry point from N2 to N1 can be 
overlapped to an open deviating shunt with an 
escape point from N2 to N3 and a re-entry point 
from N3 to N1 (see Shunt Type 1 + 2, Sect. 3.8.3, 
Fig. 3.25).

Suppressing one single pressure gradient from 
N1 to N2 or from N2 to N3 would maintain the 
driving force feeding the reflux, so leading to a 
strategy failure. Thus, both shunts must be identi-
fied and interrupted, at the N2–N1 and N3–N2 
junctions.

3.9.2  Combined Deep 
and Superficial Venous 
Incompetence

The “competitive reflux”

In Summary Shunt Type 6

(1) Reflux source from a pelvic or perforat-
ing vein. (2) Reflux through tributaries. 
(3) Re-entry into a perforating vein or 
healthy saphenous vein.

a b

N1 – N3 – N1 N1 – N3 – N2 – N1

Fig. 3.30 Shunt type 6. 
Reflux from the deep 
vein via a perforator into 
a tributary. The draining 
pathway can be via 
another perforator (a) or 
via a competent 
saphenous vein (b). 
With kind permission 
from [16]
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Deep venous obstruction can lead to open 
bypassing shunts (see Fig. 3.20). After some time, 
the superficial vein gets dilated and, in case of a 
tributary, also varicose. Another scenario could be 
when a patient with an existing closed shunt in the 
saphenous vein suffers a deep vein thrombosis. The 
untreated superficial incompetence will take over 
as the draining path for the deep insufficiency.

Whenever deep venous insufficiency coexists 
with a large but in diastole non-refluxing superfi-
cial varicose vein, the re-entry point diastolic 
aspiration into the deeper compartment is ham-
pered. The venous muscle pump fails in creating 

the pressure gradient forcing the shunted blood to 
come back into the deep system. The superficial 
reflux decreases proportionally to the increase of 
the deep incompetence. It can be tested also by a 
simple Perthes manoeuvre: placing a tourniquet at 
the varicose vein root won’t make it collapse at 
the muscle pump activation, because of the high- 
pressure values affecting the same deep system.

In this scenario CHIVA strategy doesn’t give 
indication to open deviating shunt and closed shunt 
disconnection when no reflux is evoked in the 
superficial varicose veins by the dynamic manoeu-
vres and Perthes test doesn’t collapse them.

a

b

c

Fig. 3.31 Reflux elimination test, differentiating between 
shunt types with and without drainage via a direct perfora-
tor (1 and 3, as well as 4 and 5) using duplex ultrasound. 
(a) Flow profile in the proximal refluxive segment of the 
saphenous vein in both shunt types demonstrating ante-
grade flow (under the line) and reflux (above the line). * 
Manual compression of the calf, or toe elevation manoeu-
vre; ** decompression of the calf, or relaxing the toes. (b) 

Flow profile at the same point as in (a) with digital com-
pression of the tributary in shunt type 1. The reflux profile 
remains unchanged starting at the beginning of muscular 
diastole. (c) Flow profile at the same point as in (a) with 
digital compression of the tributary in shunt type 3. Reflux 
is eliminated by digital compression until *** the moment 
of digital release. With kind permission from [16]
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3.9.3  Mixed Systolic and Diastolic 
Shunts

Mixed Shunts are constituted by one or more 
consecutive veins, competent or not, that play 
the role of open bypassing shunt during the mus-
cular systole and the role of a closed shunt dur-
ing the diastole. They are possible in all the 
networks, assuming that they share the escape 
point, but the re-entry points are different one 
from the other.

In a mixed shunt, the escape point and the ini-
tial part of the venous path are common to both, 
the open bypassing shunt and the closed shunt, 
while the terminal paths and re-entry point are 
different and divergent.

Anatomic example: Taking into consideration 
the previously described Giacomini vein involve-
ment in an open bypassing shunt from a femoral 
obstruction (see Sect. 3.7.3), a great saphenous 
vein incompetence can coexist. The distal great 
saphenous vein is fed during diastole by the 
reflux coming from the small saphenous vein 

junction, via the Giacomini vein, and draining at 
the calf—at a point below the knee to close the 
shunt and following the pressure gradients (see 
Fig. 3.31).

Similarly, considering the previously 
described spontaneous Palma open bypassing or 
vicarious shunt, in case of a homo- and/or contra-
lateral great saphenous vein incompetence, a 
closed shunt will be overlapped to the open 
bypassing shunt.

In both examples, the open bypassing shunt 
will be active during muscular systole, while 
closed shunt during the diastole.

When planning the treatment strategy, the 
open bypassing shunt has to be preserved, so the 
common escape point and the common initial 
path as well as open bypassing shunt terminal 
path have to be kept untouched. Conversely, the 
path corresponding isolately to the closed shunt 
is treated according to the CHIVA strategy; in the 
case of Fig. 3.31, a flush ligation and disconnec-
tion of the tributary at the distal great saphenous 
vein would interrupt the closed shunt (Fig. 3.32).

*

Fig. 3.32 Mixed shunt, open bypassing or vicarious 
shunt, N1 → N2 (SSV) → N2 (Giacomini) → N2 (GSV)–
N1 combined with a closed shunt type 3: N1 → N2 (SSV- 
Giacomini- GSV) → N3–N1. The disconnection of the 
tributary at the level of the * would treat the closed shunt 

leaving the open bypassing shunt untouched. The draining 
part of the open bypassing shunt is shown with a dark red 
arrow to differentiate it from the refluxive distal great 
saphenous vein (GSV). With kind permission from [16]
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Duplex Ultrasound of Superficial 
Leg Veins in the Context 
of Saphenous Vein Sparing 
Surgery

Erika Mendoza and Erica Menegatti

4.1  General Information 
on Duplex Ultrasound

The advent of duplex ultrasound revolutionised 
the treatment of superficial leg veins. Previous 
methods to investigate veins like phlebography 
and continuous wave Doppler (CW Doppler) 
have become almost obsolete. The various duplex 
modes have allowed a deeper comprehension of 
the physiology of the venous system—this has 
led to new techniques in the ablation strategy and 
completely new approaches in the treatment of 
varicose veins. Saphenous vein sparing surgery 
would not have been possible without these new 
insights. If Trendelenburg [1] had the possibility 
to perform duplex ultrasound prior to his selec-
tive interruptions of the varicose recirculation, it 
could be argued that the current popular methods 
would never have arisen.

The physics behind the generation of ultra-
sound, the application possibilities and the tech-
nical details of an ultrasound device are explained 
in many books. Furthermore, the general investi-
gation of superficial leg veins has been exten-
sively published [2–5].

Details like optimising the examination envi-
ronment, selection and the systematic process of 
performing the investigation are assumed as 
known. They have been covered extensively in an 
earlier book [5]. This chapter gives a comprehen-
sive explanation of the many situations where it is 
possible to spare the saphenous vein and deliver a 
minimally invasive treatment to improve leg hae-
modynamics. It cannot be stressed enough that the 
knowledge of duplex ultrasound of superficial leg 
veins is the basis for the comprehension of CHIVA.

To be able to perform a preoperative mapping, 
the ultrasound machine must be fitted with a 
probe which detects flow in superficial and deep 
veins with colour and especially also with PW 
mode. Usually a linear probe with a frequency of 
7–12 MHz is appropriate. In addition, an abdom-
inal probe (curved array, 3–8 MHz) is required 
for the examination of the supra-inguinal veins 
and is helpful also in obese patients.

The patient will spend some time standing on 
an elevated platform. Elevation is important to 
protect the back of the investigator, as bending 
down to reach the leg in a person standing on the 
floor is uncomfortable. An additional display mon-
itor positioned behind the leg of the patient is also 
helpful as this will limit neck strain. To avoid diz-
ziness, the patient should stand on a large platform 
(on small areas people tend to feel they are fall-
ing). There should be the provision to hold onto a 
rail, with the examination table behind to give the 
feeling that they can sit or lie down any time.
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Confusion that seems to exist between B-mode 
and B-flow is common. The differences are 
explained below:

The plain ultrasound image without any 
Doppler effects is termed B-mode. It just reflects 
off the tissue as an image. The newer generation 
of ultrasound devices can detect erythrocyte 
aggregates moving through the veins. Slow move-
ment and stationary regions can be seen as slightly 
different echogenic patterns (see Fig. 3.6). This is 
termed erythrocyte sludge [6, 7]. After a fast emp-
tying of veins with a calf compression or contrac-
tion, the lumen appears black. After a few seconds, 
the aggregates appear again. Flushing manoeu-
vres aid in the identification of small veins which 
would otherwise be obscured by the is-dense sur-
roundings. Colour-coded duplex can be applied to 
B-mode where flow is seen as red or blue, depend-
ing on the direction of flow.

The highly sensitive image of blood flow 
which applies Doppler and different enhancing 
techniques is termed B-flow. Only high-end 
devices are fitted with this option. It does not suf-
fer with blooming which is the overpainting of 
the vessel edges with colour artefact. Further 

information can be found in basic ultrasound 
duplex books [8].

4.2  Flow Patterns in Superficial 
Leg Veins

The basis to recognise physiologic or pathologic 
flow in the superficial venous system is the flow 
curve in PW mode. In the standing position, only a 
little spontaneous flow is detectable. Different prov-
ocation manoeuvres have been described to aug-
ment the flow. They will be discussed in Sect. 4.3.

A physiological flow, as described in Chap. 3, 
is directed from superficial to deep and from the 
periphery towards to the heart. It is produced 
mainly by vis-a-tergo forces which include the 
heart, and this is augmented by muscle contrac-
tion of the venous leg pumps. This is called leg 
muscle pump systole. In standing position, it is 
often followed by a short flow in the opposite 
direction due to gravitational forces. This is 
called muscle pump diastole. Diastolic flow is 
impeded by valve closure in healthy veins. This is 
shown in Fig. 4.1 (see also Sect. 2.3.1).

Fig. 4.1 Flow after a provocation manoeuvre in a compe-
tent leg vein. The flow in pulsed wave (PW) mode is defined 
as negative (below the “zero” line) when the flow is away 
from the probe and as positive when the flow is directed 
towards the probe. Antegrade physiological flow will be 
directed towards the heart or from superficial to deep. Here, 

the PW curve will be “under” zero, as shown in the image; 
this is the flow during muscular systole (green line), fol-
lowed by a short flow in the opposite direction during the 
muscular diastole, caused by gravitational forces. This flow 
is very short, because closing valves are impeding a further 
flow in the false direction (red line)
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If the valves do not close during diastole, in 
standing position there will be a retrograde flow 
(reflux) lasting longer than 0.5 s. Labropoulos stud-
ied healthy legs and found out that all veins with 
competent valves had a retrograde flow below 0.5 s 
[9]. This was taken as cut-off value between com-
petent and incompetent superficial leg veins. In a 
recent study, it was shown that patients with reflux 
have mostly reflux curves lasting longer than 1 s 
following at least one provocation manoeuvre [10].

The PW Doppler mode measures the veloci-
ties of the erythrocytes per unit of time within the 
measurement window set by the investigator. The 
PW curve records these velocities as white points 
along the time axis. If the velocities of the indi-
vidual erythrocytes are similar (laminar flow), a 
curve will be formed with a white contour and a 
black space under the curve. If different veloci-
ties are recorded (turbulent flow), the space under 
the curve will be filled in with white points.

Reflux may be assessed by its duration velocity. 
In veins these are not measured as accurately as in 
arteries, because of the lack of laminar flow. 
Besides, the vein runs parallel to the skin. This 
makes it difficult to achieve an angle of 45°–60° 
between the vein and the probe to improve the 
curve quality and the accuracy of the velocity mea-
surement. Nevertheless, the shape of the curve 
provides useful information about the venous 
drainage pathways. A large vein, like a dilated 
saphenous vein, fed by another large vein, like the 
femoral vein, which then drains back into the deep 
veins via a large perforating vein, will have a rapid 
retrograde flow (see Fig. 4.2a). Long-lasting retro-
grade flow with slow velocity (see Fig.  4.2b) is 
typical in one of the following cases:

• Small blood reservoir as a source of reflux. 
For example, reflux from a healthy saphenous 
vein into a refluxing tributary.

• Small calibre link between a reflux source and 
refluxing vessel. For example, reflux from the 
pelvis through the pudendal or epigastric veins.

• Re-entry path into the deep veins that has less 
diameter than the refluxing segment. In this 
case, the drainage will be slower and more 
prolonged.

• Lack of compliance in the refluxing vein so 
that it cannot receive large blood volumes. 

This may occur with fibrosis after a thrombo-
sis episode or after radiation.

• Reflux path is partially obstructed, for exam-
ple, by a superficial vein thrombosis or 
extraluminal compression of the reflux path.

So, the shape of the reflux curve can already 
give us an information about some of the physi-
ological aspects playing a role in the reflux

4.3  Provocation Manoeuvres

To examine the recirculation circuits of the super-
ficial venous system, venous flow is an essential 
requirement. In the standing position, there is 
little spontaneous flow for assessment. Therefore, 
in most cases, a provocation manoeuvre is 
required. Competent superficial veins have little 
flow and will not respond well to a provocation 
manoeuvre. However, incompetent superficial 
veins will answer with a reflux in the standing 
position in the following situations:

• Under pressure in the abdomen, provoking 
reflux from above (Valsalva) (see Sect. 4.3.1)

• After having challenged the valves with an 
antegrade flow from below with manual com-
pression and release of the calf or with 
dynamic manoeuvres like Paraná or Wunstorf 
(see Sect. 4.3.2)

• After the venous reservoir have been com-
pletely emptied, challenging the valves with 
gravitational forces like after the orthostatic 
manoeuvre (see Sect. 4.3.3)

Overviews about provocation manoeuvres can 
be found at the following links: https://www. 
youtube.com/watch?v=e76GcnWB7gg (German 
video with clear demonstration of manoeuvres)

https://phlebo.schattauer.de/inhalt/archiv/
issue/1812/issue/special/manuscript/20571/
show.html (download of English version)

4.3.1  Manoeuvres Using Pressure

These manoeuvres work by elevating the pressure 
in the thoraco-abdominal compartment, in order 
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to force venous blood back down into the legs. 
When the valves are competent, the flow will stop 
and an anterograde flow will reappear after finish-
ing the pressure. When the valves are incompe-
tent, the retrograde flow will be prolonged whilst 
the pressure is applied. These manoeuvres are 
independent of gravitational forces and thus can 
be used lying as well as standing.

These manoeuvres were the first applied in a 
time, when patients used to be investigated in 
recumbent position. Today, in standing position, the 
value of these manoeuvres is less—as the gravita-
tional manoeuvres are optimal in standing position. 
Nevertheless, the pressure manoeuvres are espe-

cially sensitive to demonstrate pelvic reflux and 
should always play a role when exploring the groin.

4.3.1.1  Standard Valsalva Manoeuvre
The Valsalva manoeuvre is a blocked expiration 
(closed glottis) similar to defecation, delivery or 
weight bearing. Valsalva provokes a retrograde 
flow if valves are incompetent due to the trans-
mission of a hyper-pressure gradient along the 
wall [11]. The reappearance of the anterograde 
flow when the manoeuvre stops confirms that it 
was properly performed. Standardised variations 
with devices have been developed, most of them 
too complicated for a daily office situation. 

a

b

Fig. 4.2 (a) Well- 
drained refluxing vein 
with a high peak 
velocity and duration of 
approximately 3.5 s. 
Systole (green) followed 
by reflux (red). This 
image was found in a 
shunt type 1 with 
additional drainage via a 
tributary. (b) Long- 
lasting reflux, longer 
than the display of the 
ultrasound screen (red 
line). This velocity is 
slow which is typical for 
a non-drained system. 
This reflux was found in 
a pelvic shunt type 5. 
Typically, the antegrade 
flow in systole in these 
cases is also very slow 
(green)
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4.3.1.2  Cremona Manoeuvre
The Cremona manoeuvre, developed by Claude 
Franceschi and Roberto Delfrate, is easier to 
apply than the standard Valsalva manoeuvre. The 
patient blows air through a straw when asked. 
This induces a pressure increase in the thorax and 
abdomen, thereby forcing the venous blood back 
into the legs, and allows a dosage of pressure dur-
ing the exploration.

4.3.2  Manoeuvres Provoking 
Antegrade Flow

In the standing position and with competent 
veins, blood flow will be antegrade, with a little 
backflow until the valves have closed (see 
Fig. 4.1). To discriminate competent from incom-
petent vein segments, manoeuvres need to be 
applied which first expel blood upwards (muscu-
lar systole) and then wait for the flow situation on 
muscle relaxation (muscular diastole) (see Sect. 
2.3.1). Compression manoeuvres, with the hand 
squeezing the calf or external pneumatic cuffs, 
include the superficial veins and are not physio-
logical. They should be distinguished from the 
physiological muscle contraction manoeuvres 
which involve only the venous blood within the 
pumping chamber [6, 7].

4.3.2.1  Manual Compression 
and Release of the Calf

The manual calf compression and release 
manoeuvre is the most common provocation test 
used in the evaluation of the leg veins. The calf is 
squeezed with one hand (systole) and then 
released (diastole). The manoeuvre can also be 
done by compressing the foot or thigh with the 
hand. It can be performed with standardised cuffs 
applying the pressure for study situations. This is 
not usable in daily clinical setting.

Calf compression causes antegrade flow in the 
superficial and deep veins. If venous incompe-
tence is present, there will be retrograde flow 
when the pressure is relaxed. This manoeuvre can 
be performed any time without the assistance of 
the patient, and it always causes blood flow in 
open veins. The response depends on the size, 

force and speed of the operator’s hand. It may 
cause pain and it provokes not a blood flow to be 
found in physiological conditions.

4.3.2.2  Automated Compression 
and Release of the Calf

Pneumatic pumps can be wrapped around the 
calf which can be inflated to a predetermined 
pressure and then deflated suddenly to induce 
reflux. They can be manually operated by a foot 
pedal leaving the examiners hands-free. 
Alternatively, an automated pump can be applied 
delivering a cycle of compression, relaxation and 
time for refilling to occur before the next com-
pression cycle. The advantage of these methods 
is that it standardises the compression test and 
refilling time. Standardisation is a requirement if 
reflux is being quantified [12].

4.3.2.3  Paraná Manoeuvre
The Paraná manoeuvre is a physiologic manoeu-
vre and consists of a gentle forward push of the 
patient’s lower back, thus provoking a calf reflex 
contraction to avoid falling down. This contraction 
causes an upstream blood flow (systole),  followed 
by a reflux in cases of valvular incompetence [13].

4.3.2.4  Wunstorf or Toe Elevation 
Manoeuvre

The Wunstorf manoeuvre is a physiologic manoeu-
vre. It was inspired in the Paraná manoeuvre and 
proposed as a simple test that is easy to perform 
and is not demanding for the patient. Furthermore, 
it does not require the participation of the exam-
iner. A big advantage of this manoeuvre is that the 
leg itself is not moved whilst remaining a physio-
logical test. It is performed with the patient stand-
ing and flexing or extending the forefoot followed 
by a relaxation. Dorsal flexion involves hyperex-
tension of the toes and raising them off the floor 
(systole) followed by a relaxation phase (diastole). 
Plantar flexion involves flexing the toes so that 
they curl under raising up the metatarsal heads and 
foot arch (see Fig. 4.3). These forefoot contraction 
and relaxation manoeuvres activate the foot mus-
cle pump [14, 15].

In almost all patients, hyperextension of 
the toes causes an antegrade flow impulse, 
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which can be measured up to the common 
femoral vein. Antegrade flow is generally also 
found in the saphenous trunk veins after the 
Wunstorf manoeuvre. In patients with deep or 
superficial vein incompetence, retrograde 
flow (reflux) follows the antegrade flow on 
relaxation.

In a recent study, these manoeuvres demon-
strated to be as efficient as calf compression and 
release [10].

4.3.3  Manoeuvres Using 
Gravitation and Gravitational 
Volume Changes

Most manoeuvres have the inconvenience that 
their result depends on how the manoeuvre is 

performed. Inability to breathe as expected in 
Valsalva, small hands in compression manoeu-
vres and muscular contraction variations whilst 
maintaining stability can all influence the 
results. Thus, all studies which compare 
manoeuvres lack the security of a standardised 
provocation test possibly leading to interpreta-
tion errors.

4.3.3.1  Elevation-Dependency 
Manoeuvre

The elevation-dependency manoeuvre may close 
this gap: Here, the patient lies down on his or her 
back, with the leg to be investigated elevated 
straight up for half a minute. Then the patient 
stands up whilst the duplex ultrasound probe is 
simultaneously applied over the vein to be 
assessed. Alternatively, the emptying and filling 
can be performed on a tilt table.

In case of competent leg veins, no reflux will 
be found. In case of valve incompetence, a con-
tinuous retrograde flow is seen until venous res-
ervoir filling. This retrograde flow will last 
between 20 s up to minutes, thereby giving the 
examiner time to look for incompetent veins [16]. 
The reflux ends only when the venous reservoir is 
full to capacity and there is no more space to 
accommodate further reflux [17]. This is inde-
pendent of the patient or the examination factors, 
which leads to less bias in the results. In some 
patients, with visible varicose veins and lack of 
flow after classical provocation manoeuvres, this 
manoeuvre will uncover valvular incompetency 
that would otherwise remain undetected. This is 
especially true in case of non-drained systems 
(see Fig. 4.4).

4.4  Sapheno-femoral Junction

4.4.1  Anatomy of the Sapheno- 
femoral Junction

Under the groin crease, the great saphenous vein 
(GSV) pierces the fascia (ostium) to drain into 
the common femoral vein. In its last few centime-
tres, the GSV has two valves, the terminal valve 
next to the common femoral vein, at the ostial 

a

b

Fig. 4.3 (a) Wunstorf or toe elevation manoeuvre.  
(b) Alternatively, the toes can be flexed to provoke a flow 
in superficial leg veins. With permission by [5]
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a

b

Fig. 4.4 (a) Little flow 
is observed in a patient 
with obvious varicose 
tributaries after manual 
compression of the vein 
immediately below the 
measuring point to 
improve the outcome, 
after finding nearly no 
flow with physiologic 
muscle contraction 
manoeuvres. (b) Flow in 
the same vein after lying 
down, lifting the leg for 
30 s and then standing 
up again. The reflux is 
prolonged and lasts until 
the venous reservoir is 
full to capacity

level which is where the GSV pierces the fascia, 
and the preterminal valve at some centimetres 
further down and below the confluence of those 
tributaries which join in at the groin level (see 
Fig. 4.5).

There are many tributaries joining in the GSV 
at the SFJ (see Figs. 4.6 and 4.7):

• Pudendal vein from the medial side
• Posterior accessory saphenous vein (PASV), 

also from medial, but usually some cm further 
down

• Anterior accessory saphenous vein (AASV) 
coming from the lateral side after running on 
the anterior aspect of the thigh

• Epigastric and circumflex veins from lateral 
and coming down from the abdomen

AASV and epigastric or circumflex veins can 
join independently (Fig.  4.6f) or alternatively 
form a common vein that drains at one into the 
GSV (see Fig. 4.6a, b, e). These mentioned veins 
may be absent. And the relation between these 
veins and the valves is highly variable.
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Fig. 4.5 Longitudinal 
view of the GSV next to 
the junction (composed 
image). At the left 
margin: common 
femoral vein, the ostium 
level (dotted line), the 
terminal valve (blue 
arrow) and the 
preterminal valve 
(yellow arrow) in the 
GSV. Joining into the 
GSV, we find the 
epigastric vein (green 
arrows)
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Fig. 4.6 Junctional variations and valves for common or 
separate inflow from the proximal and lateral tributaries. 
(a) Standard sapheno-femoral junction with tributaries. 
The pudendal vein is the single medial vein which joins 
between the terminal and preterminal valves. The lateral 
segment is shown with a common confluence of a cranial 
and caudal branch and another valve at the level of its 
junction with the great saphenous vein. The typical posi-
tion of a lymph node (LN) lateral to the great saphenous 
vein is shown. The perpendicular red-dotted line marks 
the caudal edge of the ostium (dotted line on the CFV). (b) 
Additional information defining the lateral segment (light 
green/light purple) and the medial segment (light brown). 
The lateral segment is divided into cranial (green) and 
caudal (light purple) parts. (c) Transverse view of the lat-
eral segment distal to the terminal valve (TV). An imagi-

nary dotted line drawn around the front wall of the 
common femoral vein and passing through the confluence 
of the great saphenous vein will give the exact point where 
the great saphenous vein enters the femoral vein. This is 
known as the fossa ovalis or ostium. (d) Longitudinal 
view demonstrating the confluence of the lateral cranial 
segment also distal to the terminal valve. (e) Absent termi-
nal valve. (f) All of the superficial inguinal tributaries join 
independently between the terminal and the preterminal 
valves (CFA common femoral artery, LN lymph node, TV 
terminal valve, CIV circumflex iliac vein, SEV superficial 
epigastric vein, PV pudendal vein, AASV anterior acces-
sory saphenous vein, GSV great saphenous vein) 
(Drawings Dr. Andreas Hildebrandt. Berlin; by kind per-
mission. Ultrasound images Erika Mendoza). With per-
mission by [5]

4.4.2  Flow in the Sapheno-femoral 
Junction

The sapheno-femoral junction is involved in the 
vast majority of patients with varicose veins. 
Thus, the investigation of this point of the recir-
culation circle is of highest importance. A recent 
study investigating the frequency of incidence 

and distribution of reflux sources in 2019 patients 
with venous incompetence involving the GSV at 
the groin is represented in Table 4.1 [19].

Of all legs, 53% had a reflux with an incompe-
tent terminal and preterminal valve, two thirds of 
all patients had a reflux from the common femo-
ral vein. Exclusive periosteal reflux was identi-
fied in 21%, and 8% had reflux from both sources 
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(periosteal and ostial). Four percent of the study 
population had neither a reflux from the common 
femoral nor the cranial tributaries (shunt type 0; 
see Sect. 3.7.4).

4.4.2.1  Competent Valves
When the valves are competent, there is no reflux 
through the valves and no backflow from the 
deep to the superficial vein at the SFJ. In muscu-
lar systole, the PW curve will show an inflexion 
“downwards” followed by a short retrograde flow 
(inflexion “upwards”) to close the valve (curve; 
see Fig. 4.1).

The tributaries of the groin behave the same 
with a short flow towards the SFJ in diastole. 
Occasionally a pelvic leak point is present 
draining through the SFJ without provoking a 
reflux into the GSV. This is identified as a pro-
longed draining flow through the junction last-
ing longer than 0.5–1  s, which is fed by a 
refluxing pudendal, circumflex or epigastric 
vein. This is seen easily during a Valsalva 
manoeuvre: the draining flow through the junc-
tion fed by the reflux in the groin tributary will 
last as long as the manoeuvre. This situation is 
not a pathological condition for the GSV, but a 

drainage through the SFJ of pathologic reflux 
from the pelvic network. It could develop to a 
situation of venous insufficiency of the legs to 
be re-evaluated at a later stage.

4.4.2.2  Incompetent Terminal Valve 
and Competent Preterminal 
Valve

If only the terminal valve is incompetent and the 
preterminal is not, then there will be a reflux 
emerging from the deep vein through the SFJ, 
and it will escape into the anterior accessory 
saphenous vein (AASV) (see Sect. 6.5.2). This 
condition has been described by Stücker as 
Stücker type 1 (see Fig. 4.7) [20].

A schematic representation of this reflux is 
found in Fig.  4.7. As there is the possibility of 
connections between the refluxing AASV and the 
GSV along the leg, it is important to follow the 
GSV downwards the leg to make sure no calibre 
changes and further refluxing segments are 
present.

On ultrasound, the AASV is situated between 
the skin and the CFV in the groin, called the “align-
ment sign”. The GSV is situated medial to the CFV 
(see Fig.  4.8). Therefore, a large calibre AASV 
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Fig. 4.6 (continued)
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directly over the CFV may be confused with an 
incompetent GSV. During systole in colour-coded 
duplex ultrasound, both veins are seen with ante-
grade blue flow (Fig. 4.8a). During diastole, the red 
colour represents an incompetent terminal valve 
with reflux escaping into the AASV (Fig. 4.8b).

4.4.2.3  Competent Terminal Valve 
and Incompetent Preterminal 
Valve

This condition is one of the most difficult to detect 
with ultrasound investigation (Stücker type 2, see 
Figs. 4.9, 4.10 and 4.11). It has also been called 
“para-ostial reflux”, as this reflux does not emerge 
through the ostium. This configuration needs a 
confident diagnosis for saphenous sparing tech-
niques. However, with saphenous ablation it 
makes no difference, whether the reflux in the 
GSV emerges from the deep vein or from the pel-
vic network. This is because in any case the reflux 
path will be destroyed. Recognition that the reflux 
source may be exclusively from a groin tributary 
will influence the saphenous sparing tactic and the 
follow-up.

The reflux might emerge from the puden-
dal vein (see Fig. 4.10) or the epigastric vein 
(see Fig.  4.11). It is important to show the 
competence of the terminal valve with a PW 
curve at this site (see Fig. 4.12) and a reflux 
beyond that goes into the GSV at the preter-
minal valve level. A Valsalva manoeuvre is 
essential in these cases for confirmation and 
to exclude a pelvic reflux source. Occasionally 
concurrent reflux occurs from a tributary vein 
as well as the junction thereby combining 
ostial and para-ostial reflux in one situation 
(see Fig. 4.11).

4.4.2.4  Incompetent Terminal 
and Preterminal Valve

The most frequent reflux condition in the groin is 
the incompetence of the terminal and pretermi-

V. epig.

V. circ.

medial lateral

a

b

AASV

GSV

CFV
distal

cranial

Fig. 4.7 (a) Schematic representation of the SFJ with termi-
nal valve (green) and preterminal valve (violet) with legend 
for (b), Figs. 4.9 and 4.13. (b) Reflux path in case of incom-
petent terminal valve and competent preterminal valve 
(orange arrow) (Stücker type 1). With permission from [18]
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Table 4.1 Possible combinations of reflux sources at the sapheno-femoral junction in 2.019 legs

N (%) GSV AASV PASV GSV + AASV GSV + PASV GSV + AASV + PASV Sum
Type 
AFemoral 
reflux

106752.8% 1226.0% 20.1% 1547.6% 20.1% 1<0.1% 134866.8%

Type B“Both” 
femoral and 
cranial reflux

1175.8% 221.1% 0– 311.5% 0– 0– 1708.4%

Type CCranial 
reflux

31415.6% 743.7% 20.1% 391.9% 1<0.1% 0– 43021.3%

Type 0 633.1% 30.1% 0– 50.2% 0– 0– 713.5%
Sum 156177.3% 22110.9% 40.2% 22911.3% 30.1% 1<0.1% 2019100%

a

b

Fig. 4.8 (a) Cross- 
section through the groin 
during muscular systole. 
Both the AASV (yellow 
arrow) and the GSV 
(blue arrow) represent 
blue flow in colour- 
coded duplex 
ultrasound. This is 
because the flow is away 
from the probe and 
towards the deep vein. 
In the deep vein the flow 
has to change direction, 
provoking turbulences. 
This is represented with 
blue, yellow and red 
flow signals. The dotted 
line at the medial margin 
of the CFV explains the 
“alignment sign”: 
Medial to this line the 
GSV is found, lateral, 
between the CFV and 
the skin, the AASV. (b) 
Muscular diastole with 
reflux from the CFV 
through the incompetent 
terminal valve into the 
AASV (yellow arrow). 
The GSV does not 
receive any reflux
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nal valve. Here the reflux arises from the femoral 
vein through the junction into the GSV and down 
the thigh (Stücker type 3; see Fig.  4.13). It is 
important to demonstrate using ultrasound the 
origin of the reflux in the femoral vein and pass-
ing through the terminal valve (see Fig. 4.14).

4.4.2.5  Summary: Reflux Sources at 
the Sapheno-femoral Junction

At the sapheno-femoral junction (SFJ), there are 
many different reflux source possibilities, alone 
or in combination (see Table 4.2). It is important 
in the context of saphenous vein sparing surgery 
to differentiate these diverse reflux situations 
properly prior to deciding the strategy.

Summarising the different reflux sources or 
finding out which of these is the one present in 
each patient, a flow chart can be applied (see 
Fig. 4.15) or a table (see Table 4.2).

Epig. GSV

CVF pud.V

Systole Diastole

a

b

Fig. 4.10 (a) Cross-section through the right groin 
demonstrating the common femoral artery (left, red 
arrow), the common femoral vein (middle, single blue 
arrow), the SFJ and the GSV (yellow arrow). The 
pudendal vein (blue arrows) is shown draining into the 
GSV. (b) Flow in colour-coded duplex ultrasound with 
a diagonal representation of the SFJ (another patient 
than a). The anatomic structure is painted as “overlay” 
to the left image. A pudendal and an epigastric vein is 
present. Left image in systole: antegrade flow draining 
into the CFV (yellow arrow) and filling the last centi-
metre of the pudendal vein, which is not the physio-
logic situation. Right image in diastole: reflux from the 
pudendal vein into the GSV (pudendal vein with red 
flow). There is no reflux from the deep vein into the 
GSV

Fig. 4.9 Schematic representation of a para-ostial reflux 
(Stücker type 2) with an incompetent terminal valve and 
competent preterminal valve. Reflux into the GSV is via 
an incompetent circumflex vein. Note that the reflux could 
also emerge from the epigastric or pudendal vein. With 
permission from [18]
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4.5  Great Saphenous Vein

The vein involved in the majority of situations with 
superficial vein insufficiency is the great saphenous 
vein (GSV). It is also the vein mostly taken as a 
graft for femoral or cardiac bypass interventions.

4.5.1  Anatomy

The GSV runs from the inner part of the foot 
anteriorly to the medial malleolus up to the groin, 
as shown in Fig. 4.16. As described in Sect. 2.2.3, 
it is wrapped between the muscle and the saphe-

Epig.

a

b

GSV

CFV

Fig. 4.11 (a) Longitudinal section through the common 
femoral vein (CFV) and the sapheno-femoral junction 
with visible terminal valves (blue arrows). (b) Same 
patient in colour duplex examination: left, systole with 
antegrade flow (blue) from the GSV through the SFJ into 
the CFV.  The epigastric vein drains into the GSV (red 
flow). Middle: early diastole with reflux from the deep 

vein and the epigastric vein into the GSV.  Right: later 
diastole; the reflux through the terminal valve is finished; 
only a long-lasting reflux through the epigastric vein feeds 
the GSV. This is a case of combined Stücker types 2 and 
3. If only the reflux situation depicted on the right image 
was present, it would be an isolated epigastric reflux or 
para-ostial reflux, Stücker type 2
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Fig. 4.12 Examination of the competence of the terminal 
valve using PW: the competence or incompetence of the 
terminal valve is assessed with PW inside the femoral 
vein at the ostium level; the competence or incompetence 
of the terminal valve is identified. This can be performed 
in cross-section as shown or in longitudinal section (see 
Fig.  4.14d). Yellow arrows: antegrade flow in systole. 
Short backflow in diastole until the terminal valve closes. 
No reflux is present

Fig. 4.13 Schematic representation of Stücker type 3: 
incompetent terminal and preterminal valve. Reflux from 
the common femoral vein trespasses the incompetent ter-
minal and preterminal valve and fills the GSV. With per-
mission from [18]

nous fasciae. Sometimes its course is aplastic or 
hypoplastic, with continuing superficial tributar-
ies acting as a bypass for these segments. There 
are three typical possibilities (depicted in 
Figs. 4.17, 4.18 and 4.19: type I, Fig. 4.17; type 
h, Fig.  4.18; type s, Fig.  4.19). Very seldom a 
double GSV is found in the fascial compartment 
(1%). The GSV has to be examined in B-mode 
from the groin to the ankle to see calibre varia-
tions, mayor tributaries, perforating veins and 
aplastic segments. These are all relevant for the 
treatment plan. Diameters at the junction and 
15  cm below should be measured in cross- 
section, as they will help in decision-making. It is 
easier to follow the GSV in cross-section, though 
sometimes a longitudinal scan will show more 
details. The GSV is easy to find at the mid-thigh 
by positioning the probe in cross-section. The 
GSV runs between the fasciae with the typical 
image of the Egyptian eye (see Fig. 4.17).

4.5.2  Flow and Reflux 
in the Saphenous Vein 
and Tributaries

In combination with the B-mode examination, 
the flow in the examined segments will be mea-
sured. Although this is easier to do in colour- 
coded duplex, the documentation should be 
performed in PW modus. If these measurements 
are taken in cross-section, the probe will have to 
be positioned slightly angulated, allowing an 
angle between the flow and the probe. In perpen-
dicular position over the skin, no flow may be 
detected with misleading results. The top of the 
probe should always be angulated upwards (see 
Fig. 4.20).

Also in PW mode, possible supplemental 
reflux sources can be assessed. At the end of the 
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a

b

c

Fig. 4.14 (a) Longitudinal 
representation of the 
sapheno-femoral junction 
with terminal and 
preterminal valve. (b) 
Muscular systole in 
colour-coded duplex with 
antegrade flow from GSV 
into CFV. (c) Muscular 
diastole with retrograde flow 
from CFV into the GSV 
through an incompetent 
terminal valve. (d) 
Measurement in PW mode 
in longitudinal section at the 
level of the terminal valve 
with reflux. (e) Measurement 
in PW mode at the level of 
the preterminal valve with 
reflux. (f) Measurement in 
PW mode at the ostium in 
cross-section demonstrating 
reflux—compare with 
Fig. 4.12
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90

d

e

f

Fig. 4.14 (continued)
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examination of a refluxing GSV, the following 
points need answers:

• The source of the reflux.
• A possible second source, like a perforating 

vein.
• Is there only one segment refluxing or is there 

multisegmental reflux in the GSV?
• The length of the refluxing segment.
• The drainage path of the reflux load into a per-

forating vein or a tributary.

4.5.2.1  Reflux Source
The most frequent reflux source for the GSV is 
the groin region (see Sect. 4.4). Other options 
are:

• Refluxing tributaries, possibly fed by:
 – Pelvic vein reflux
 – Refluxing small saphenous vein via the 

Giacomini vein at the thigh
 – Refluxing small saphenous vein via com-

municating vein at the calf
 – Tributaries fed by perforating veins and 

draining into the GSV
 – Healthy tributaries draining into the GSV

• Perforating veins feeding the GSV directly at 
the mid-thigh or from paratibial perforating 
veins below the knee

After examining the sapheno-femoral junc-
tion, the probe will be held transversally, and the 
GSV will be followed down the thigh, passing 

Table 4.2 Paths for different flow patterns in the groin region, including the Stücker type and the shunt type (explana-
tion: see Sect. 3.8)

Path Description Clinics
Stücker 
type Shunt type

CFV–TV–
GSV–AASV

Incompetent terminal valve. Competent 
preterminal valve. GSV is only affected for a 
short distance. “Ostial reflux”

Visible tributaries on the 
anterior thigh

1 3

CFV–TV–
GSV–PTV

Ostial reflux, GSV reflux above and below 
knee

Tributaries along the 
medial aspect of thigh 
and calf

3 1 or 3

PV–GSV–
PTV

Para-ostial reflux feeding the GSV, 
competent TV

Tributaries along the 
anterior thigh and calf

2 4 or 5

PV–AASV Reflux from pelvic venous network directly 
into AASV, without involving the GSV or 
flowing “through” it between the TV and 
PTV but without incompetence of any of 
both

Tributaries on the anterior 
thigh

4a 6

GSV 
(sufficient)–
AASV

Antegrade flow in GSV feeding the AASV Small tributaries at the 
ventral aspect of the thigh

– 2

SSV–PASV–
GSV

GSV filled via a Giacomini anastomosis 
(origin SSV). The TV is competent and in 
most cases the PTV also

Tributaries at the medial 
aspect of the calf, 
possibly veins at the 
dorsal thigh

– Combined 3 
(SSV) and 4 or 
5 (GSV)

PV–PASV–
GSV

GSV filled from pelvic reflux via PASV. The 
TV is competent and in most cases the PTV 
also

Tributaries at the medial 
aspect of the calf or distal 
thigh, possibly veins at 
the dorsal thigh

– 4 or 5

CFV common femoral vein, TV terminal valve, PTV preterminal valve, GSV great saphenous vein, SSV small saphenous 
vein, AASV anterior accessory saphenous vein, PASV posterior accessory saphenous vein, PV pelvic veins
aLit: Mendoza and Stücker [21]

4 Duplex Ultrasound of Superficial Leg Veins in the Context of Saphenous Vein Sparing Surgery



92

If there is more reflux in the
GSV than the SFJ / AASV a
refluxive tributary is likely.   

Similar reflux volume and duration at the
SFJ and GSV / AASV  . 

Is the GSV refluxiv ebelow the TV?  

Is the AASV
refluxive?  

Does the reflux come from CFV
through incompetent TV?

Examine all pelvine tributaries
for:

• Duration of reflux, 
• Velocity profile morphology,
• Dilated veins on B scan
• Always use Valsalva!

Does the reflux volume and duration at
the SFJ correspond to the flow lower
down the GSV/ AASV in PW duplex?

SFJ GSV/ AASV

SFJ GSV/ AASV

no

yes

no

yes

no

yes

Pathological tributary unlikely, but
not excluded.

Pathological tributaries likely

no

yes

Pelvine
vessels

irrelevant
for GSV/

AASV

Pathological
tributaries certain 

Fig. 4.15 Flow chart to 
determine the possibility 
of reflux in pelvic or 
inguinal tributaries as 
reflux source for great 
saphenous vein (GSV) 
or accessory anterior 
saphenous vein (AASV). 
Abbreviations (see 
legend Table 4.2). 
Adapted from [5]

Fig. 4.16 Course of the great saphenous vein along 
the right leg. With permission by [5]
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Fig. 4.17 Course of the GSV type “I”. The vein has a 
straight course within the saphenous fascia which is con-
firmed at both ultrasound points in the thigh; on the right 
side is a typical image, visible on ultrasound at both points 

(Course of GSV at the thigh and knee. Schematic repre-
sentation of a typical ultrasound image in B-mode in 
cross-section. Red, muscle fascia; yellow, saphenous fas-
cia; blue, saphenous vein). With permission by [5]

Fig. 4.18 Course of GSV type “h”. The GSV has a straight 
course within the saphenous fascia. There is a parallel extra-
fascial tributary, joining the GSV at the mid- thigh. At the 
proximal point, the saphenous vein is seen in the compart-
ment, and at the distal ultrasound point, there are two veins, 

one in the compartment and the other in the extrafascial 
tributary (Course of GSV at the thigh and knee. Schematic 
representation of a typical ultrasound image in B-mode in 
cross-section. Red, muscle fascia; yellow, saphenous fascia; 
blue, saphenous vein). With permission by [5]

4 Duplex Ultrasound of Superficial Leg Veins in the Context of Saphenous Vein Sparing Surgery



94

Fig. 4.19 Course of GSV type “s”. The vein runs in the 
fascial compartment at the proximal point and leaves the 
fascia so that at the distal point there is no vein seen inside 
the fascial compartment. However, an aplastic or hypo-
plastic rudiment is present on histology, but not visible by 
ultrasound. The main continuing tributary takes over the 

blood flow of the GSV as a superficial natural bypass 
(Course of GSV at the thigh and knee. Schematic repre-
sentation of a typical ultrasound image in B-mode in 
cross-section. Red, muscle fascia; yellow, saphenous fas-
cia; blue, saphenous vein). With permission by [5]

Fig. 4.20 Probe position to measure a flow in the 
superficial leg veins when exploring with the probe in 
transversal position. The tip of the probe is angulated 
upwards

E. Mendoza and E. Menegatti
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a

c d

b

Fig. 4.21 Calibre changes in the GSV. (a) Cross-section 
at the medial thigh in colour-coded duplex during dias-
tole: a tributary is refluxing and the reflux emerges from 
the saphenous vein to feed the tributary. On the right side, 
the shape of the GSV and the emerging tributary is 
depicted in blue; the direction of the flow from the GSV to 
the tributary is shown with a yellow arrow. During systole 
(not shown), the flow in the tributary and the GSV is ante-
grade, “blue” (Image with kind permission of Viavital 
from: Mendoza E.  Duplexsonographie der oberflächli-
chen Beinvenen in Rabe E.  Stücker M Phlebologischer 
Bildatlas. Viavital. 2015). (b) Longitudinal representation 

of the GSV at the mid-thigh in B-mode. Proximal (left 
part of the image) the GSV is larger; after a tributary joins 
the GSV (blue arrow), the distal GSV is smaller. A valve 
can be seen in the GSV (yellow arrow). Distally to the 
valve, the GSV is competent. (c) Same patient than in (b) 
in muscular diastole in colour-coded duplex. The reflux 
from the proximal GSV fills the tributary. (d) Longitudinal 
representation in another patient. Proximal GSV is com-
petent (blue arrow). At the mid-thigh, a calibre change is 
seen, where a refluxing perforating vein feeds the distal 
GSV with reflux (yellow arrows)

the knee and then down to the ankle. Any varia-
tion of the calibre of the vein and any branching 
vein—perforating vein or tributary—with more 
than approximately 2 mm diameter must be ana-
lysed with duplex in PW mode (see Fig. 4.21). 
Keep in mind, that there are possibly more than 
one reflux sources or drainage pathways present. 

Awareness to this possibility will lead to less 
error and encourage to a better, more informa-
tive, examination.

Sometimes a reflux in the GSV is found with 
apparently no reflux source. This situation is 
called “reflux without source” and is based on the 
physiological feeding of the GSV by tributaries. 
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Here the valves in the GSV are not competent, 
and this physiological blood volume is drained 
retrogradely and demonstrated as reflux in the 
GSV (see Fig. 4.22).

4.5.2.2  Refluxive Segments
The most common configuration is that the GSV 
has one segment of reflux, fed by the SFJ and is 
drained via one or more tributaries or one or more 
perforating veins or both. Occasionally, GSV reflux 
feeds a tributary, the distal GSV is competent for a 
segment and further down will be fed again by the 
same tributary or another reflux source. After the 
exploration, it has to be clear, which segment or seg-
ments of the GSV is refluxing (Fig. 4.23).

4.5.2.3  Drainage Pathways
Identification of the drainage pathways is crucial 
if saphenous vein sparing surgery is performed. 
In the GSV the drainage of the reflux is only pos-
sible via one or more perforating veins or tribu-
taries or both. They will be found exploring the 
complete GSV and analysing the flow behaviour 
inside the vein above and below any visible trib-
utary or perforating vein. The reflux elimination 
test is useful to determine whether a segment is 
drained by a tributary (described in Sect. 3.8.9).

4.6  Small Saphenous Vein

The small saphenous vein is the shorter, inter-
fascial vein in the leg, running at the back of the 
calf (see Fig. 4.24). It is less commonly affected 
by a reflux.

4.6.1  Anatomy

The SSV runs from the lateral malleolus at the 
back of the calf, usually ending at the knee level. 
In 60% of cases, it has a thigh extension, which 
often meets the posterior accessory saphenous 
vein forming the Giacomini anastomosis, which 
connects both saphenous veins at the thigh (see 
Figs. 4.24 and 4.25c, f). Unlike the GSV, which 
always drains into the deep vein at the sapheno- 
femoral junction below the groin crease, the 
drainage of the small saphenous vein is variable 
(see Fig. 4.25). Rarely, it drains into muscle veins 
below the knee or via a communicating vein into 
the GSV, also below the knee. In these cases, the 
SSV will be absent in the popliteal fossa (see 
Fig. 4.25g). Usually, the SSV drains into the pop-
liteal vein in the popliteal fossa or into the first 
segment of the femoral vein, where it may pierce 
or not a muscle at the back of the lower thigh (see 

SSV deep veins GSV

Fig. 4.22 Reflux without source according to Cappelli and 
Franceschi. The terminal valve of the great saphenous vein 
(GSV) remains competent. Antegrade blood from healthy 
tributaries, including the posterior (*) and anterior acces-
sory saphenous veins, drain progressively into the great 
saphenous vein, causing retrograde flow within an incom-
petent segment of the GSV. There is no pathological con-
nection with the deep system. The reflux curves are of small 
volume but progressively increase down the great saphe-
nous vein. These are shown on the right at three different 
stages. SSV small saphenous vein. With permission by [5]

Fig. 4.23 GSV with two refluxing segments: One from 
the groin to the distal thigh, where the reflux drains into a 
tributary, which further down again joins the GSV and 
fills it with reflux. This second, distal segment drains into 
a paratibial perforating vein. The segment of GSV at the 
knee level is competent, as it is being bypassed by the 
refluxing tributary. The segment of the GSV between the 
ankle and the draining perforating vein is also competent, 
because the reflux path is diverted away by the re-entry 
perforating vein. With permission by [22]
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Fig. 4.25a, d, e). In addition, it may give a con-
necting vein into a muscle vein before draining 
into the deep vein (see Fig. 4.25b).

Prior to any treatment decision, it is crucial to 
identify, which of the described conditions are 
present and which of these paths have reflux (see 
Sect. 6.7).

The SSV runs between two fasciae, like the 
GSV.  It is possible to confuse the SSV with a 
muscle vein, especially when the muscle vein has 
reflux (see Fig. 4.31).

4.6.2  Flow and Reflux in the Small 
Saphenous Vein

The small saphenous vein has to be examined 
from the popliteal fossa to the ankle in cross- 
section with close attention to flow, calibre 
changes, joining tributaries and perforating veins. 
As in the GSV, the SSV can have one or more 

reflux sources and one or more refluxing seg-
ments (see Sect. 4.5.2).

Many different reflux sources may feed the 
SSV with reflux:

• Popliteal vein via sapheno-popliteal junction 
(see Figs. 4.26, 4.27, 4.28 and 4.29)

• Muscle vein connecting to the SSV (see 
Fig. 4.30)

• Refluxing Giacomini vein, fed by the GSV 
(see Sect. 6.11.6.1), a posterior thigh perforat-
ing vein or by pelvic reflux

• Refluxing tributaries, fed by the GSV or occa-
sionally a perforating vein

• Refluxing perforating vein (see Fig. 4.31)

Reflux in the SSV may be systolic, diastolic or 
both. A systolic reflux at the sapheno-popliteal 
junction is a sign of an antegrade thigh drainage 
obstruction to the venous flow of the deep veins 
(see Sect. 3.9.3). In these cases, the SSV is often 
only affected for a very short segment, between 
the deep vein and the origin of the Giacomini 
vein.

4.7  Perforating Veins

Perforating veins usually drain blood from super-
ficial veins to the deep venous system during 
diastole. This flow is with the orientation of the 
venous valves which face inwards. Only dilated 
perforating veins or perforating veins involved as 
reflux source or drainage pathway for a varicose 
vein have to be investigated with flow 
measurement.

4.7.1  Anatomy

There are lots of perforating veins in the leg. 
Some of them concentrate along the GSV, others 
along the SSV and some independent veins can 
be also important for venous pathology. This 
includes the perforating vein on the back or lat-
eral part of the mid-thigh (“Hach” perforating 
vein), often feeding an isolated refluxing 
tributary.

Fig. 4.24 Posterior view of the leg demonstrating the 
course of the small saphenous vein (SSV) as a green line 
and the course of its thigh extension or Giacomini anasto-
mosis as a red line. With permission by [5]
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Fig. 4.26 Longitudinal scan through the popliteal 
fossa showing a very enlarged and refluxing SSV 
draining into the popliteal vein (PV). A small 
Giacomini vein (*) drains into the SSV (treatment: see 
Fig. 6.22c). With permission by [5]

a
Femur

Muscles of the
thigh

Deep veins

Small
saphenous vein

Gastrocnemius

Tibia

e f g

b c d

Fig. 4.25 Variations of the termination of the small saphe-
nous vein: (a) Termination of the small saphenous vein 
(SSV) in the popliteal fossa draining into the popliteal vein 
(see Fig. 4.26). (b) Termination of the SSV in the popliteal 
fossa with an additional connection to the deep vein through 
the muscle veins (see Fig. 4.30). Sometimes the SSV only 
drains via a muscle vein and not directly into the popliteal 
vein (see Fig. 4.27). (c) Termination of the SSV in the pop-
liteal fossa. The SSV has a “thigh extension” running crani-
ally to drain via a perforating vein or meet the posterior 
accessory saphenous vein with an additional connection to 
the GSV.  This intersaphenous connection is called 

Giacomini anastomosis (Fig. 4.26). (d) Termination of the 
SSV above the popliteal fossa without piercing the muscle 
fascia (Fig. 4.28). (e) Termination of the SSV above the pop-
liteal fossa where it pierces the muscle fascia and the mus-
cles of the back of the thigh. (f) No junction at the knee level. 
Termination of the SSV draining into the vein of Giacomini 
or femoropopliteal vein with drainage into the great saphe-
nous vein or the gluteal veins (see Fig. 4.29). (g) Termination 
of the SSV via a connecting branch vein into the great 
saphenous vein below the knee. The true terminal segment 
of the SSV is absent, and there is no sapheno- popliteal junc-
tion present in the popliteal fossa. With permission by [22]
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a b

SSV

SPJ

Popliteal vein

Fig. 4.27 (a) Longitudinal scan through the popliteal fossa showing the drainage of the SSV into a muscle vein. Both 
together drain into the popliteal vein. Reflux from the popliteal vein into the SSV is shown during the muscular diastole 
in colour-coded duplex ultrasound. (b) Longitudinal scan through the popliteal fossa demonstrating a venous aneurysm 
at the termination of the small saphenous vein (SSV). This joins the popliteal vein together with a competent muscle vein 
(**). The aneurysm has partially thrombosed. The arrow indicates the direction of flow of the refluxing blood. SPJ 
sapheno- popliteal junction (treatment: see Fig. 6.22b). With permission by [5]

Femur

VP

SSV

Muscle
Fig. 4.28 Longitudinal image of the popliteal fossa 
with a SSV draining into the deep vein below the thigh 
posterior muscle, above the knee crease

Fig. 4.29 Longitudinal 
composite image of the 
popliteal fossa with a 
SSV passing through the 
fossa without connection 
to the deep vein. Usually 
in this configuration, 
there is no reflux in the 
SSV
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Figure 4.32 shows the most important perfo-
rating veins as a schematic representation. 
Perforating veins have been renamed in an inter-
national consensus. However, many people still 
use the former names. In these figures both names 
will be mentioned.

4.7.2  Flow in Perforating Veins

Dilated perforating veins have been thought to be 
pathologic in the sense of them being “responsi-
ble for varicose veins” for a long time. It was the 
ultrasound that identified the truth. Most of the 
perforating veins are dilated, because they drain 
the blood from the varicose veins back into the 
deep veins (see Sect. 2.4.2 and Fig. 4.35). Only 
those perforating veins with outward flow in sys-
tole and/or diastole are pathological (see Table 
3.2 and Sect. 3.5.3 and Figs. 4.33 and 4.34).

Usually those perforating veins, which exhibit 
reflux in diastole, are the reflux source of a vari-
cose vein. They are mostly found at the thigh and 
very seldom at the calf (see Fig. 4.33). A perfo-
rating vein can also be the second reflux source 
along an incompetent vein. Occasionally an 
incompetent saphenous vein can be fed through 

the sapheno-femoral junction and fed again by 
reflux via a perforating vein of the medial thigh. 
Rarely a refluxing perforating vein is identified in 
systole. If they are seen, they are usually part of 
an open bypassing shunt after deep vein throm-
bosis (see Fig. 4.34 and Sect. 3.7.3).

Draining perforating veins will have flow in 
diastole from superficial to deep and can be found 
at the end of the refluxing segment of a vein (ter-
minalising perforating vein) or on the way of a 
refluxing segment (non-terminalising perforating 
vein) (Fig. 4.35).

4.8  Tributaries

Tributaries are veins running in the subcutaneous 
tissue superficial to the saphenous fascia. The 
most important tributaries are:

• Tributaries from the GSV (see Fig. 4.35)
 – Anterior accessory saphenous vein 

(AASV)
 – Posterior accessory saphenous vein 

(PASV)
 – Accessory vein at the calf (anterior and 

posterior)

Fig. 4.30 Longitudinal view through the lower part of 
the popliteal fossa. The small saphenous vein (SSV) has 
reflux at the junction (not shown). In addition, there is 
reflux via a muscle vein. There is often a connection with 

the muscle veins in this region. If only the junction of the 
small  saphenous vein is interrupted because this distal 
connection was not discovered in preoperative scan, then 
distal SSV reflux may persist. With permission by [5]
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 – Communicating vein between AASV and 
GSV

 – Communicating vein between GSV and 
SSV at the calf

 – Giacomini vein
• Tributaries from the SSV (usually at the knee 

crease or mid-calf)

These tributaries are present, but are not 
always visible. If pathological they are dilated 
and much more likely to be visible clinically and 
when examining the GSV or SSV with 
ultrasound.

Every dilated vein connecting with a saphe-
nous vein has to be examined with duplex 
ultrasound.

• Blue flow will be present:
 – If they drain into the GSV with normal 

physiologic blood flow less than 1  s in 
diastole

 – If they fill the GSV with reflux excessive 
blood flow lasting longer than 1 s in dias-
tole, like in case of reflux from pelvic 
venous network draining into the GSV or 
multisegmental reflux in GSV

• Red flow will be present if the tributary is filled 
with reflux from the saphenous vein being 
dilated by the volume overload (Fig. 4.21)

The special flow behaviour of the AASV and 
PASV has been explained in Sect. 4.4.

Apart from the veins connected to the saphe-
nous vein, every visible dilated and meandering 
superficial vein has to be examined making sure 
the source and the termination point of the 
reflux. The reflux source can be a perforating 
vein, the pelvic network, a saphenous vein or 
another tributary that branches into several 
other tributaries. Drainage pathways usually 
are perforating veins, but saphenous veins can 
also serve as a draining pathway for 
tributaries.

To detect if there are one or several draining or 
branching points along a very meandering tribu-
tary, the technique explained in Fig. 4.36 can be 

b

a

Fig. 4.31 (a) Transverse view through the back of the 
calf showing a competent small  saphenous vein (blue 
arrow) and a refluxing muscle vein (yellow arrow). (b) 
Diagram of the recirculation circuit with incompetence of 
a muscle vein (red) arising from the popliteal fossa. This 
fills the lower part of the small saphenous vein which is 
also refluxing the proximal part of the SSV remains com-
petent (blue). (a) With permission by [5]. (b) With permis-
sion by [22]
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applied: First, the probe is placed at the upper end 
of the vein to be examined. Next, the subject is 
told to raise and lower his toes (Wunstorf 
manoeuvre). In this way reflux can be confirmed 
in this vein segment. Then the segment below the 
varicose vein is compressed with one finger, and 
the subject is again asked to activate the muscle 
pump. If there is no drainage point between the 
probe and the point of digital compression, there 
will be no reflux in the first phase of muscular 
diastole. However, after the digital compression 
is released (top two curves in Fig. 4.36), reflux 
will resume. If a refluxing tributary branches off 
between the middle and lowest compression 
point, the waveform changes. With digital com-
pression at the lowest point of the varicose vein 
in the figure, the reflux begins at the onset of 
muscular diastole which is independent of digital 
compression. This is because the refluxing vol-

ume is now drained by another tributary (bottom 
curve).

4.9  Deep Veins

Blood flow in the deep veins should be directed 
to the heart, just like in the superficial veins dur-
ing systole with a short retrograde flow until the 
valves close. This should be no longer than 1 sec-
ond to define competency of valves. The normal 
vein wall is represented as a thin line without 
thickenings or bulges.

The pathology and exploration of the deep 
leg veins are explained in Chap. 8. Nevertheless, 
during the exploration of the superficial veins, 
deep veins at the groin (common femoral vein) 
and the knee (popliteal vein) are automatically 
in the focus of the probe. In the groin, the com-

a b c

Fig. 4.32 (a) Location of the perforating veins of the 
adductor canal (formerly Dodd and Hunter) in the above 
knee great saphenous vein and location of the highest and 
most important paratibial perforating vein (formerly 
Boyd) in the below knee great saphenous vein. (b) 
Location of the perforating veins on the front and inner 
sides of the calf. Blue, perforating veins of the anterior 
arch vein; green, paratibial perforating veins of the great 
saphenous vein; dark green, formerly Boyd perforating 
vein; light green, paratibial perforating veins with drain-
age into the posterior tibial veins; black, posterior tibial 
perforating veins. These are perforating veins draining the 
posterior arch vein, formerly known as Cockett I–III, 

depending on the distance in cm between the floor and the 
vein. The posterior ankle perforating veins were formerly 
known as Kuster veins, starting at 4 cm. (c) Location of 
the perforating veins of the SSV from proximal to distal: 
The soleal perforating vein (formerly May) connects the 
SSV with the muscle veins in the middle of the calf at the 
so-called gastrocnemius point, a perforating vein at a 
height of 12 cm, a para-Achillean perforating veins (for-
merly Bassi). Both these connect the small  saphenous 
vein with the fibular veins. Below the lateral malleolus, 
there is a direct connection between the small saphenous 
vein and the fibular (peroneal) veins at a height of 3 cm 
(lateral ankle perforating vein). With permission by [5]

E. Mendoza and E. Menegatti



103

a

b

Fig. 4.33 Perforating vein as a reflux source: (a) 
Longitudinal representation of the GSV at the inner thigh. 
The proximal GSV (to the left of the image) is competent; 
the distal GSV (at the right of the image) has reflux. In 
colour the perforating vein and the distal GSV are shown 
to be refluxing (red) in diastole. On the bottom, the PW 
measurement in the perforating vein is added. Note that 

during systole the flow is antegrade (inwards) and during 
diastole a reflux is seen outwards and then downwards. 
(b) Refluxive perforating vein at the calf: the cross-sec-
tion at the medial calf shows a paratibial perforating vein 
with antegrade (inward) flow in systole and long-lasting, 
retrograde flow in diastole. This is not a common finding 
in the calf
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a

c

e

d

b

Fig. 4.34 Perforator as part of a bypass for the deep 
venous system after thrombosis (open vicarious or bypass 
shunt). (a) Longitudinal image or the proximal inner part 
of the calf with GSV. On the right part of the image, the 
distal GSV is draining physiologically upwards (one blue 
arrow). On the left part of the image, red arrows show the 
blood flow through the paratibial perforating vein. The 
GSV on the left part of the image is dilated segment, also 
with antegrade flow. This is required to transport the 
additional blood entering the GSV from the perforating 
vein as part of a deep venous bypass. (b) Cross-section of 
the proximal calf of the same patient with the tibia at the 
left border of the image. The GSV is to the right and is 

being filled with red (refluxing) blood from the paratibial 
perforating vein during muscular systole. (c) 
Measurement using PW mode in the perforating vein in 
systole and diastole. In both phases, incompetent flow is 
observed from deep vein to superficial, filling the proxi-
mal GSV (same patient as a and b). (d) Draining perfo-
rating veins. Non- terminalising perforating vein at the 
mid-thigh with draining (inwards) flow in systole and 
diastole. (e) Terminalising perforating vein at the calf 
with draining (inwards) flow in systole and diastole. With 
manual compression of the calf over lax muscles during 
“systole”, an outward flow can be seen, which can cause 
confusion. (d) With permission by [5]
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mon femoral vein is examined together with the 
SFJ. It can be seen in cross-section and in lon-
gitudinal view. In the popliteal fossa, the popli-
teal vein structure and flow pattern is best seen 
in longitudinal view. However, a cross-section 
is best to rule out a thrombosis (see Fig. 4.37). 
In order for reflux to arise from the deep vein 

into a superficial vein, the reflux must start in 
the deep vein. This can lead to the incorrect 
interpretation, that also the deep vein has also 
reflux (see Fig.  4.38) [14, 15]. Thrombosis or 
post-thrombotic changes are visualised as 
hyperechoic structures inside the vein (see 
Fig. 4.39).

US device

Fig. 4.36 Diagram of the examination technique used to 
determine the site of important drainage points. The probe 
is placed at the upper end, and the hands indicate the 
points at which the vein is compressed with the finger. The 
curve on the right shows the velocity profile in each case 
after muscle contraction (rising the toes). One star (*) 
shows the beginning of the muscular diastole (lowering 
the toes); two stars (**) show the moment of the release of 
the digital compression. For further explanations please 
see the text. With permission by [5]

Fig. 4.35 Major tributaries of the GSV, at the thigh: ante-
rior and posterior accessory saphenous veins (red) demon-
strating variations in their termination with the great 
saphenous vein (green). The dotted line marks the alterna-
tive course of the posterior accessory saphenous vein into 
the confluence of superficial inguinal veins. The black 
mark indicates where the anterior accessory saphenous 
vein leaves the fascial compartment of the great saphe-
nous vein and becomes epifascial. Distal of this point, 
there is very often a connecting vein between the anterior 
accessory saphenous vein and the great saphenous vein. 
At the calf, the posterior accessory arch vein plays an 
important role in the drainage of refluxing veins towards 
the calf perforating veins (red dorsal line). From this vein 
a communicating vein towards the SSV is possible. With 
permission by [5]
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a

b c

Fig. 4.37 Normal deep veins. (a) Compression ultra-
sound to rule out the presence or absence of a thrombus. 
This should be done and documented before any treat-
ment of the superficial vein is performed. On the left part 
of the image is cross-section without compression, where 
the common femoral vein and sapheno-femoral junction, 
as well as tributary (blue arrows) and common femoral 
artery (red arrows) are seen. On the right part is a cross- 

section at the same place with compression. Only the 
artery lumen remains (red arrows). The veins have been 
completely compressed, demonstrating absence of throm-
botic material. (b) Longitudinal representation of a nor-
mal popliteal vein and artery (artery with red blood flow). 
The vein has smooth walls without bulges or thickenings. 
(c) Flow curve in a normal popliteal vein, measured 
slightly ahead of the knee crease

Fig. 4.38 Flow in the deep vein (CFV) above and below 
the sapheno-femoral junction in a patient with terminal 
valve incompetence (Compare Fig. 4.13). In the CFV the 
flow curve shows a reflux in diastole. This is the flow from 
the deep vein draining pathologically into the GSV when 

there is superficial vein incompetence. After treating the 
superficial vein incompetence, the reflux in the deep vein 
will stop, because there will be nowhere for the blood to 
go. Distal to the junction, the flow is normal in the deep 
vein. With permission by [18]
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4.10  A Routine Exploration

Deep veins can be examined in the lying, sitting 
or standing position.

A routine examination of the superficial veins 
should be performed in the standing position. 
Every specialist is free to develop his standards, 
but the routine should be always the same to 
avoid forgetting a part of the exploration.

The following routine is an example:

• Start in the right groin with in B-mode, colour 
and PW flow:
 – The common femoral vein (also with 

compression)
 – The artery
 – Sapheno-femoral junction with all its 

branches

a

Fig. 4.39 (a) Cross- 
section of the left groin 
without compression 
(left) and with 
compression (right). 
(Superficial) femoral 
artery, red arrows; 
profound femoral artery, 
orange arrows; CFV, 
blue arrows. With the 
compression, the deep 
vein is not compressed, 
demonstrating the 
presence of a thrombus. 
(b) Colour-coded 
ultrasound of the same 
site without any 
manoeuvre. Permanent 
blood flow from the 
GSV into the CFV, 
around the thrombus

b
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• Follow the GSV down to the ankle, 
measuring:

 – The diameter at the proximal thigh
 – Blood flow at proximal thigh
 – The site of any calibre changes
 – Exploring flow in visible tributaries and 

perforating veins
• Turn the patient with the back to the examiner 

and explore the knee crease in B-mode and 
Duplex:
 – Popliteal vein (also with compression)
 – Popliteal artery
 – Sapheno-popliteal junction and Giacomini 

vein, if present, follow it up to the thigh
• Follow the SSV down to the ankle, measuring:

 – The diameter and blood flow below the 
knee

 – The site of any calibre changes
 – Flow in visible tributaries and perforating 

veins
• Look at any additional visible varicose veins and 

examine their origin and draining pathways

4.10.1  Questions to Be Answered 
at the End of the Examination: 
Great Saphenous Vein

Morphology
• Is there any anomaly of the sapheno-femoral 

junction?
• Is an aneurysm present?
• Is the great saphenous vein visible in the fas-

cial compartment throughout its length?
• What is its diameter at the standardised point 

10–15 cm below the junction?
• Are there any changes in saphenous calibre?
• Is its course typical in relation to topographi-

cal anatomy?
• Is there a duplication or aplastic segments 

present over part of its course?
• Is there evidence of thrombosis or post- 

thrombotic changes?
• Are any dilated tributaries or perforating veins 

apparent in the course of the great saphenous 
vein?

• Are there any pathological soft-tissue changes 
surrounding the great saphenous vein?

• Has all or part of the saphenous vein been 
treated before?

Function
• Is there reflux through the sapheno-femoral 

junction?
• Is the terminal valve competent?
• Is the preterminal valve competent?
• Are the superficial inguinal tributary veins 

competent (including AASV)?
• Is there reflux in the great saphenous vein?
• Where is the proximal reflux source?
• Are tributaries or perforating veins involved in 

the recirculation circuit?
• Does the reflux leave the great saphenous vein 

by a tributary or a perforating vein?
• Are one or more segments of the vein refluxing?
• How is the draining pathway of the saphenous 

vein?

4.10.2  Questions to Be Answered 
at the End of the Exploration: 
Small Saphenous Vein

Morphology
• Does the small saphenous vein join the popli-

teal vein?
• Is an aneurysm present?
• At which level is the sapheno-popliteal junc-

tion in relation to the posterior knee crease?
• Is the small saphenous vein connected to mus-

cle veins in the region of the junction?
• Does a thigh extension of the small saphenous 

vein exist?
• Does it become a Giacomini vein?
• Is there any anomaly in the junction of the 

small saphenous vein?
• What is its diameter at a standardised point, 

5 cm below its junction?
• Are there any sudden changes in calibre?
• Is its course typical or does it deviate or 

duplicate?
• Does any segment have superficial vein throm-

bosis or post-thrombotic alteration?
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• Are any dilated tributaries or perforating veins 
along the small saphenous vein’s course?

• Are there any remarkable findings in the tis-
sues surrounding the small saphenous vein?

Functional
• Is there reflux in the junction of the small 

saphenous vein refluxing?
• Is the thigh extension or the vein of Giacomini 

competent?
• Are the muscle veins competent?
• Does the small saphenous vein have reflux?
• Where does the proximal reflux source arise 

from?
• Does the reflux leave the small saphenous 

vein by a tributary or a perforating vein?
• Have one or more segments demonstrated 

reflux?

4.10.3  Questions to Be Answered at 
the End of the Exploration: 
Perforating Veins

Morphology
• Are there any dilated perforating veins in the 

course of the great and small saphenous 
veins?

• Are there any visible perforating veins in 
other typical locations, such as the posterior 
arch vein and the back or lateral side of the 
thigh or calf?

• If so, is it a muscle perforating vein (connec-
tion between deep vein, muscle vein via per-
forating vein to a superficial vein), and is 
there a posttraumatic cause in the case of 
dilation?

• Have the perforating veins suffered post- 
thrombotic damage?

• What is their diameter?

Functional in perforating veins of large diam-
eter (>3 mm):

• Is the perforating vein incompetent and which 
is the reflux source?

• Is the perforating vein a re-entry point with 
draining flow?

• Is the reflux in the perforating vein systolic 
(bypassing shunt) or diastolic (filling varicose 
veins)?

4.11  Investigation After 
Treatment of Veins

Duplex ultrasound not only provides an evalua-
tion of the patient prior to intervention but also a 
follow-up after the treatment. This is important to 
monitor the success of the intervention, recog-
nise side effects or complications and determine 
the pathogenesis behind possible recurrences. 
Historically, phlebography was only applied 
when there were visible recurrences, but this test 
is invasive. Ultrasound does not harm the patient 
yet provides a comprehensive quality control 
instrument for the physician.

A basic issue when performing a follow-up is 
a good preoperative documentation of the find-
ings. This is the only way to evaluate technical or 
tactical errors if the expected result is not 
achieved.

This chapter focusses on the duplex findings 
of the veins after saphenous sparing surgery is 
commented.

The hallmark of effect in all saphenous spar-
ing intervention is the reduction in calibre of the 
saphenous veins in the follow-up [14, 15, 23].

4.11.1  Flow Patterns After CHIVA

In case of CHIVA 2 after surgery there are two 
possibilities:

• Competent saphenous vein (complete success 
of the strategy in one step)

• Same or less reflux in saphenous vein with 
drainage either through a perforating vein or a 
new tributary

When the reflux point has been interrupted, a 
distinction must be made between incompetent 
perforating veins or junctions.
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After interruption of a perforating vein: If 
the perforating vein was the only reflux source, 
after its interruption the expected flow in the GSV 
or SSV will be antegrade in its whole length.

After interruption of a junction: Here the 
flow in the saphenous vein will be less than 
before the intervention but still footwards 

(“deflusso” or a deflux) (see Sects. 6.3.4.1 and 
6.14.3 and Fig. 4.40). This blood flow originates 
from the physiologic blood flow from the tribu-
taries. When the proximal exit point of the saphe-
nous vein is closed, this tributary blood has to 
flow downwards to meet the next perforating vein 
and drain into the deep vein. The amount and 
velocity of this flow is very small. Often it appears 
after some delay following a provocation 
manoeuvre.

This downwards flow is often confused with 
a persistent or new reflux when comparing 
crossectomy alone with crossectomy and strip-
ping [24]. If a patent GSV is left in situ and 
connected with tributaries and perforating 
veins, the only possible flow direction is down, 
towards the lower perforating vein, as upwards 
flow is not possible, when this exit has been 
closed. Without this drainage pathway, the 
complete GSV would close by thrombosis after 
the intervention.

4.11.2  Flow Patterns in GSV After 
ASVAL

After the mini-phlebectomy of the varicose reser-
voir, the reflux in the great saphenous vein will 
automatically be lesser or even abolished. 
Depending on the preoperative situation of the 
saphenous vein reflux, we will find one of the fol-
lowing flow possibilities (see Table 4.3).

Fig. 4.40 Cross-section of the GSV at the mid-thigh 
after a crossotomy. Muscular systole (green line) with 
antegrade flow, followed by a short retrograde flow in 
diastole representing valve closure. A few seconds later, a 
very slow downwards flow is seen. It represents the drain-
age of the tributaries through the saphenous vein

Table 4.3 Postoperative flow in GSV depending on the preoperative flow pattern

Preoperative Postoperative after ASVAL
Segmental reflux in GSV without incompetence 
of the junction

The GSV will be competent

Competent terminal valve, incompetent 
preterminal valve, no draining perforating vein 
on GSV

The GSV will be competent in about 95% of cases (compare  
Fig. 6.43)

Competent terminal valve, incompetent 
preterminal valve, draining perforating vein on 
GSV

The GSV will have little reflux, draining through the perforating 
vein on the GSV. This situation can remain stable for years 
without clinics or cosmetic complaints (compare Fig. 6.41)

Incompetent terminal and preterminal valve and 
no draining perforating vein on GSV

The GSV can be competent or a tributary or draining perforating 
vein can develop a recurrent reflux in the GSV (compare Fig. 
6.17b)

Incompetent terminal and preterminal valve and 
draining perforating vein on GSV

The GSV will have little reflux draining through the perforating 
vein on the GSV. This situation can remain stable for years 
without clinics or cosmetic complaints
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4.11.3  Flow Patterns After 
Extraluminal Valvuloplasty

After the extraluminal valvuloplasty, the GSV is 
expected to be competent (see Chap. 13). The 
refluxing tributaries, if left in situ, will no longer 
be fed retrogradely by refluxing blood from the 
deep vein and will reduce their calibre. 
Alternatively, they will be fed with blood from 
the distal, antegrade flowing GSV (forming a 
shunt type 2 in this case).

If the valvuloplasty fails, two possible find-
ings can be expected:

• Thrombosis of the proximal GSV causing a 
complete or partial obstruction of the 
saphenous vein till the next large perforat-
ing vein

• Reduced reflux in the GSV through a smaller 
SFJ

4.11.4  Analysing Technical Errors

Technical errors refer to the operating technique. 
There are lots of possible errors if a crossotomy 
is not performed correctly, like the errors also 
known from the classical crossectomy. Leaving a 
stump is always a technical error leading to reci-
dives (see Fig. 4.41).

At the popliteal junction, surgery is much 
more complex than in the groin region. If a 
Giacomini vein is present, the “stump” of the 
SSV is washed by this vein and therefore the 
stump may act as a beneficial draining pathway. 
Nevertheless, a reflux can still arise from this 
proximal segment of the SSV if a tactical error 
occurred, like the interruption of the junction 
when there is systolic reflux (see Sect. 4.11.5).

After performing CHIVA 2, a recurrence can 
arise at the site of the interruption if a non-flush 
ligation of the tributary is performed at the level 
of the saphenous vein (see Fig. 4.42). The conse-
quence is either a matting or a new tributary with 
reflux. The same can happen after ASVAL, in 
case the reflux load after ablation of the reservoir 
in the GSV is large.

4.11.5  Analysing Tactical Errors

A tactical error occurs when the preoperative 
flow pattern is not properly analysed. This can 
happen in every strategy, but in CHIVA it will be 
noticed immediately, as the pathways are left in 
situ and not obliterated or removed. If the reflux 
source is not eliminated, the reflux path will per-
sist and it will look like no change after interven-
tion. Alternatively, if the system is interrupted 
without leaving a good drainage pathway, a non- 
drained situation will provoke early matting 
through little reticular veins. On ultrasound, the 
calibre of the GSV will not decrease.

The classical tactical error in CHIVA is to per-
form a crossotomy, which is a ligation of the 
GSV between the tributaries and the deep vein at 
the ostial level, in patients with pelvic reflux, also 
called para-ostial reflux. The reflux source will 
remain untouched and continue to fill the GSV 
(see Fig. 4.43). Not being aware of the fact that 
about 30% of patients have an isolated or com-
bined para-ostial reflux (see Table 4.1) and apply-
ing a crossotomy without interruption of the 
refluxive tributary to all patients with SFJ reflux 

Fig.  4.41 Longitudinal representation of the SFJ: after liga-
tion of the great saphenous vein approximately 2 cm distal to 
the SFJ in the context of a stripping procedure. The valve can 
be seen at the sapheno-femoral junction demonstrating that 
the vein has been left in situ. Typically, the formation of large 
convoluted venous tributaries arising from the distal end of 
the stump can be observed. With permission by [5]
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would lead to reflux persistence due to tactical 
error in 30% of all treated patients!

Another tactical error is to close an open 
bypassing shunt. This will induce recurrences at 
the site of the ligation, like in the open bypassing 
shunt described in Sect. 3.9.3, if the Giacomini 
vein or the SSV is interrupted in the knee crease. 
The recurrence will appear soon after intervention 
with lots of new vessels through the scar.

4.11.6  Assessment After 
Endoluminal Treatment 
of the Junction

After endoluminal closure of the GSV or the SSV 
in the context of CHIVA, the first follow-up 
should be at 1 week to rule out a deep vein 
 thrombosis and also to make sure the superficial 
vein has been closed.

Fig. 4.42 Longitudinal representation of the inner aspect 
of the proximal thigh after surgery (CHIVA 2: Interruption 
of a tributary at the GSV). Left native image. Right anno-
tated image: the scar (yellow) was not at the level of the 
junction between the tributary and the GSV, but distally. 

This was not a flush ligation but left a stump of proximal 
tributary. This resulted in a clinical recidive, with a visible 
tributary on the skin and persistence of reflux in GSV. With 
permission by [5]

a b

Fig. 4.43 (a) Preoperative image in longitudinal view of 
the SFJ in a patient with a refluxing epigastric vein. (b) 
Postoperative image of the same SFJ after crossotomy 

with persistent reflux from the epigastric vein into the 
GSV. Tactical error. From Dr. Horst Gerlach, Mannheim, 
with kind permission
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In cross-section, the deep vein at the level of 
the SFJ is visualised and a compression ultra-
sound performed to make sure in the deep vein 
there is no thrombus. The SFJ is examined look-
ing for the proximal end of the heat-induced clo-
sure of the vein. This should look like a superficial 
vein thrombus. This usually ends at the conflu-
ence of a tributary, which acts to wash out the 
SFJ.  An “EHIT” (endoluminal heat-induced 
thrombus) occurs when thrombotic material from 
the heat closure is encroaching into the deep vein 
lumen. This has to be excluded. Although the 
natural history is usually benign, anticoagulation 
for 6 weeks is often recommended.

The flow in the proximal GSV is assessed with 
colour-coded duplex. No flow is expected beyond the 
SFJ in the proximal part of the GSV. This part of the 
GSV has to be uncompressible in cross-section.

One possible failure of endoluminal CHIVA is 
that the reflux from the deep vein continues 
through the terminal valve and into the anterior 
accessory saphenous vein. This pathway was not 
refluxing prior to the intervention (in this case, it 
would have been treated). But for unknown rea-
sons, in some cases a preoperatively non-visible 
or very thin AASV gets incompetent and feeds 
the distal GSV with reflux via the communicat-
ing vein (see Sect. 6.15.2).

It is important to inform the patients about this 
fact in case of choosing endoluminal junction 
treatment prior to intervention. The AASV may 
need to be closed with either ultrasound-guided 
sclerotherapy or an endoluminal ablation.

4.12  Documentation 
of the Findings

The findings of the examination have to be docu-
mented as images and as a description of the 
venous pathways.

The images have to include:

• Compression ultrasound of the deep veins at 
least at the common femoral vein and popli-
teal vein site, as well as a flow curve inside 
these veins prior to therapy. This is important 

to make sure no pathology was present before 
the intervention. If a prior pathology is pres-
ent, its documentation demonstrates that this 
wasn’t provoked by the intervention.

• Diameters of the pathological veins: GSV at 
the junction and at proximal thigh (10–15 cm 
distally from the groin) measured in cross- 
section, SSV below the knee crease.

• A flow curve inside the pathological vein seg-
ments in PW mode to demonstrate the fact 
that there was a reflux prior to intervention.

The description might be with a drawing or as 
a text (see Sect. 11.2.3 and Fig. 11.4). It is always 
helpful after the intervention to determine exactly 
which situation was found before the treatment. 
This is not only important to analyse possible tac-
tical errors in case of failure or for a scientific 
investigation in larger series, but it will also help 
to defend yourself in a legal situation.
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5.1  Introduction

Technological advancements are bringing aware-
ness of previously underdiagnosed and under-
treated pathological conditions such as iliac vein 
obstruction influencing lower limb venous drain-
age. A great interest is arising in modern phlebol-
ogy in the identification of obstructive and 
compressive causes of venous drainage 
impairment.

On the other side, an increasing knowledge 
and awareness has been developed on the pelvic 
congestion syndrome and on its impact on lower 
limb chronic venous disease. Vein specialists 
must be aware of the possible pathological condi-
tions inside and outside the same lower limb site. 
Moreover, they must be aware of the diagnostic 
potentials offered today.

5.2  Pathological Scenario: Iliac 
and Pelvic Venous Drainage 
Impairment

Chronic venous disease and venous thrombosis 
have been reported more frequently on the left 
lower limb rather than on the right one: a fact that 
already Virchow attributed to the possible com-
pression of the left iliac vein by the crossing iliac 
artery [1, 2]. At the same time, cadaver dissec-
tions reported a surprisingly high percentage of 
iliac intraluminal lesions that affect iliac venous 
drainage, in up to 30% of unselected cases [3, 4]. 
These intraluminal lesions have been described 
as webs, ridges, velums, bridges, quilted wall 
adhesions, and even total occlusion [5].

The genesis of these lesions remains a matter 
of debate, combining the possible traumatic 
effect of the nearby artery pulsation with a pos-
sible ontogenesis. Magnetic resonance imaging 
points out the possible overlapping presence of 
intrinsic and extrinsic causes of iliac drainage 
impairment in up to 66% of patients [6].

Since terms like “iliac compression syn-
drome,” Cockett syndrome, and May-Thurner 
syndrome are often used wrongly as synonyms, it 
is suggested to use the term non-thrombotic iliac 
vein lesions (NIVL) to indicate this kind of iliac 
vein drainage impairment [7]. As the imaging 
detection of an obstacle to iliac vein drainage is 
not sufficient for a non-thrombotic iliac vein 
lesion (NIVL) diagnosis, clinical findings are 
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fundamental. Typical presentation includes 
recurrent deep venous thrombosis, lower limb 
swelling and pain, ulceration, venous claudica-
tion, and chronic venous disease.

Less frequently this condition can lead to 
phlegmasia cerulea dolens, superficial venous 
thrombosis, and bilateral- or right-sided symp-
toms [8–10].

Non-thrombotic iliac vein lesion (NIVL) can 
present an acute or chronic onset. The first one is 
easier to detect since it is easily associated with 
sudden leg edema and redness. The chronic con-
dition is more difficult to be detected and requires 
a full investigation of patient history, physical 
examination, and diagnostic imaging. In the 
diagnostic process, it must be remembered that 
also trauma, surgery, recent catheterization radia-
tion, and malignancies can be involved in iliac 
venous drainage impairment.

On the other side, pelvic congestion syndrome 
(PCS), rightfully already described by Hobbs in 
1990, thanks to the diagnostic technological 
advancements, is now always more linked to its 
impact on lower limb venous drainage [11].

Such condition must be known both by vein 
and obstetrics and gynecology specialists dealing 
with patients presenting pelvic pain and varicose 
veins fed by pelvic refluxing points. Pelvic heavi-
ness exacerbated by the standing position and 
particularly present at the end of the day and by 
the premenstrual period, dysmenorrhea, dyspa-
reunia, postcoital pain, and dysuria are all medi-
cal history data suggesting the diagnosis.

In some cases, also hematuria and left low 
back pain are observed, so suggesting a possible 
extrinsic compression of the left renal vein 
between the aorta and the superior mesenteric 
artery (so-called nutcracker phenomenon). Also, 
hemorrhoids, vulvar, and gluteal varicosities are 
clear signs of potential impairment of the pelvic 
venous system.

Typically, these patients are multiparous 
women with a history of venous and gynecologi-
cal disorders.

As suggested by Gaweesh [12, 13], pelvic 
obstruction could be the reason for varicose veins 
in patients without a history of deep venous 
thrombosis, thereby offering stenting of the iliac 

veins as a solution. If this obstruction hypothesis 
was true, it would introduce a new industry of 
treatment for simple varicose veins. Recent 
investigations with air plethysmography have 
questioned the obstruction hypothesis by demon-
strating improved gravitational venous drainage 
in patients with varicose veins. The venous drain-
age index (VDI) in mL/s was faster, presumably 
because the outflow pathways were larger as a 
result of the reflux [14]. Further investigations on 
a tilt table have defined a cutoff point in the 
venous drainage index (VDI) to differentiate 
between proximal obstruction on one hand and 
normal subjects or patients with varicose veins 
without pelvic obstruction on the other [15]. This 
simple investigation could be performed as a first 
step, noninvasive screening test. After demon-
strating a prolonged VDI, the site and nature of 
the obstruction can be investigated further using 
the more invasive imaging techniques like 
abdominal or transvaginal ultrasound, contrast 
venography, CT, MRI, or intravenous 
ultrasound.

5.3  Second-Level Imaging

In pelvic congestion syndrome, a detailed sono-
graphic analysis must include the assessment of 
the escape points from the pelvic region (see 
Chap. 8), together with an evaluation by abdomi-
nal scanning. In this last case, the patient must be 
fasting and have had a residue-free diet. The 
scanning must include the ovarian veins, which 
are considered pathological when the reflux last 
more than 2  s and the diameter is larger than 
8 mm in standing position [16].

Endocavitary (transvaginal or transrectal) 
examination by a 5–7.5 MHz probe is the pri-
mary way to visualize pelvic varicosities [17]. 
Phlebography has been considered the refer-
ence imaging technique for pelvic congestion 
syndrome assessment, to be performed after a 
preliminary ultrasound assessment [18]. 
Nowadays, after the improvement of tech-
niques and knowledge around the application 
of duplex, this method seems to have become 
the gold standard [19].
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Looking at the pelvic congestion syndrome 
investigation, as well as at non-thrombotic iliac 
vein lesions (NIVL), computed tomography and 
magnetic resonance imaging are to be considered 
in order to rule out the suspect of potentially 
involved extra- or intraluminal masses exerting 
compression. They should be performed in spe-
cialized centers with experience in venous 
imaging.

5.4  Third-Level Imaging

The introduction of intravascular ultrasound 
(IVUS) technique has supported previous finding 
in demonstrating that the diagnostic sensitivity of 
venography for non-thrombotic iliac vein lesion 
(NIVL) is only on the order of about 50% [20]. 
Considering the absence of radiation and its sen-
sitivity above 90%, intravascular ultrasound 
(IVUS) is now considered a diagnostic standard 
in this type of lesions.

The progressive diffusion of intravascular 
ultrasound (IVUS) has also revealed a broader 
spectrum of non-thrombotic iliac vein lesion, 
including multiple distal arterial crossover points. 
In some cases, the combined use of venography 
and IVUS is helpful to get oriented in the com-
plex scenario of “para”-physiological iliac 
lesions, where a certain degree of compression or 
stenosis is not to be considered pathological.

This is particularly true considering that the 
same patient can present a degree of compression 
varying over a short period of time [21]. Even if 
there is no established diagnostic imaging crite-
rion, studies show that a persistent narrowing of 
the iliac vein should be demonstrated, associated 
with permanent spurs, independently of the 
patient position to state the diagnosis of non- 
thrombotic iliac vein lesion.

A reduction of more than 50% of the vein 
caliber is considered a valid indicator of ste-
nosis [22]. A secondary indicator is the activa-
tion of collateral circles, intraluminal spurs, 
and changes greater than 2 mmHg across the 
stenotic lesion in supine position [23]. The 
diagnostics involved in this assessment include 
ultrasonography, plethysmography, computed 

tomography, magnetic resonance venogra-
phy,  ascending contrast venography, and 
IVUS.

5.5  Second-Level Consultation

Modern phlebology represents a fascinating and 
wide medical science, involving skills and exper-
tise far above the simple assessment of lower 
limb venous drainage. Vein specialists must be 
aware of the several pathophysiological aspects 
of venous disease, developing diagnostic and 
technical skills that overcome the traditional 
lower limb venous scanning. If this is not possi-
ble in their own office, networks with specialized 
radiologists or phlebologists have to grow with 
mutual exchange of information.

At the same time, it’s fundamental to develop 
growing interactions among the different special-
ties involved with venous treatment. Surgeons, 
obstetricians and gynecologists, radiologists, and 
dermatologists must promote a constant interac-
tion in order to manage at best conditions iliac 
vein drainage impairment and pelvic congestion 
syndrome, which have been underdiagnose and 
undertreated for too long.
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Abbreviations

AASV Anterior accessory saphenous vein
GSV Great saphenous vein
PASV Posterior accessory saphenous vein
RET Reflux elimination test
SFJ Sapheno-femoral junction
SPJ Sapheno-popliteal junction
SSV Small saphenous vein

6.1  Evidence-Based Rationale 
of the Strategy

Varicose veins are still of unknown reason. Though 
there has been progress in understanding through 
applied physics and anatomy since the Doppler 
and later the duplex ultrasound allowed to analyse 
recirculations, though histology and tissue media-
tor changes offer possible explanations, the last 
reason for the dilatation and flow reversion in 
superficial leg veins is still to be found.

The destruction of reflux pathways was a good 
solution over many years, when no other instru-
ment was available to stop the consequences of 
venous reflux, like skin changes, pain and 
ulceration.

Already early investigations about the effect 
of compression on the venous wall histology 
which nearly recovered to normal after 7 days of 
compression hosiery [1] contradicted the dogma 
that saphenous wall degeneration in varicose dis-
ease is irreversible. All the CHIVA research pub-
lished later (see Chaps. 1 and 10) and a Cochrane 
review [2] state that recidives are less frequent if 
saphenous veins are spared during surgery. Thus, 
and analogous to all the other surgical fields, the 
organ preservation should at least be given a 
chance.

6.2  Instructions for Readers

Persons confronted with CHIVA for the first time 
often argue that it is too much of information to 
learn the shunt types and then to learn how to 
treat them. Trying to prevent this confusion, the 
authors have explained the shunts in Chap. 3 (see 
Sects. 3.7–3.9). Based on these shunts, Franceschi 
developed the treatment strategies for haemody-
namic flow correction [3–5]. They are based on 
four principles (see Sect. 6.3.4) and then applied 
to the shunt types. The schematic flow images 
throughout the chapter are based on those 
explained in Chap. 2 (see Fig. 2.5) and also used 
throughout Chap. 3.

This chapter starts with the international defi-
nitions used in the CHIVA context to avoid 
semantic confusion, which are the bases for 
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CHIVA (Sect. 6.3). Then, the different approaches 
to the most frequent shunt types are first analysed 
“in general” (Sect. 6.4).

Adapting to the usual treatment thinking, 
which is anatomy-oriented, the different manage-
ment options of the pathological compartment 
jumps are described separately first:

• N1 → N2 = deep vein to saphenous vein at the 
junction (see Sects. 6.5 and 6.7)

• P → N2 or N3 = pelvic reflux into saphenous 
vein or tributary (see Sect. 6.6)

• Refluxing N2 (Sect. 6.8)
• N1 → N2 = deep vein to the saphenous vein 

via a perforating vein (see Sect. 6.9)
• N1 → N3 = deep vein into a tributary via a 

perforating vein (see Sect. 6.9)
• N2 →  N3  =  saphenous vein into a tributary 

(see Sect. 6.10)

Please note that re-entry pathways are consid-
ered when designing the strategy for the patient 
but are never treated!

Finally, the acquired knowledge is applied to 
the treatment decisions in every shunt type in 
Sect. 6.11 with clinical examples.

The chapter finishes with tips of how to get 
started, explanation to handle difficult situations 
like the treatment after superficial vein thrombo-
sis and large varicose veins and outcome 
evaluation.

6.3  Bases of the CHIVA Strategy 
and International 
Terminology

At the World CHIVA Congress in 1998 in Paraná 
(Argentina), a consensus was reached within the 
European CHIVA Association to develop a multi-
lingual terminology for anatomical and physio-
logical nomenclature in the context of 
CHIVA. There had previously been difficulties in 
comprehension, because of the differing mean-
ings of a given word in different languages. The 
definitions given below are a basic assumption 
for international understanding of the CHIVA 
method.

The recirculation types were further elaborated 
at the World CHIVA Congress in May 2002  in 
Berlin/Teupitz; the results of this consensus con-
ference are summarised in Sects. 3.7 and 3.8.

6.3.1  Venous Competence or 
Incompetence

Venous incompetence is the inability of a vein to 
provide unidirectional flow towards the heart, 
appropriate to the heart’s functioning, haemody-
namic reserves and thermoregulation and inde-
pendent of the bodily attitude.

Competent venous flow is:

• Unidirectional
• Towards the heart
• Independent of the position of the body

It is adapted to:

• Heart’s function
• Thermoregulation
• Haemodynamic reserves

6.3.2  Anatomical Concepts

The muscle fascia covers the muscles. The saphe-
nous fascia covers the saphenous veins and 
together with the muscle fascia forms the saphe-
nous compartment. The saphenous veins lie 
directly on the muscle fascia and are covered by 
the saphenous fascia, so that they course through 
a fascial tunnel (see Sect. 2.2.3). For this reason, 
they are also known as “interfascial” veins.

Venous networks: For the purposes of the 
CHIVA method, veins are divided into four 
groups according to their position relative to 
these fasciae, originally with the abbreviation R 
for “réseau” from French and in English with the 
abbreviation N for “network”.

Classification N1–N4
N1 Network: All the veins which course in the 

deep compartment delimited by the muscle 
fascia, like deep veins and perforating veins
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N2 Network: All the veins which lie directly on 
the muscle fascia and below the membranous 
layer or saphenous fascia, like interfascial 
veins (saphenous veins, Giacomini vein, prox-
imal segment of the accessory anterior saphe-
nous vein)

N3 Network: All the veins which course between 
the fasciae and the skin: arch veins, tributaries 
and all the tiny reticular veins, capillaries and 
spider veins

N4 Network: These are specific N3 veins that 
serve to connect N2 veins
• Longitudinal N4: Connections between 

the same N2 vein (like those connecting 
two points on the great saphenous vein)

• Transversal N4: Connections between dif-
ferent N2 veins (like those connecting the 
great saphenous vein with the small saphe-
nous vein)

The vein of Giacomini is sometimes com-
pletely interfascial (N2) but functionally con-
nects two different N2 veins (GSV, SSV), so 
functionally it is a transversal N4 vein.

6.3.3  Haemodynamic Concepts

The blood flow in a vein is defined by:

 1. Direction of flow (see Sect. 3.2)
 2. Source of its contents (see Sect. 3.4)
 3. Volume
 4. Pressure

The first two aspects are most important for 
the purposes of learning about the CHIVA 
strategy.

6.3.3.1  Direction of Flow
Anterograde or antegrade flow moves in a physi-
ological direction and follows the rule: “big” N to 
“small” N, superficial to deep:

• N3 − N2 − N1  tributary drains to saphenous 
vein to deep vein via junc-
tion or perforating vein

• N3 − N1  tributary drains to deep vein 
via perforating vein

• N2 − N1  saphenous vein drains to deep vein 
via junction or perforating vein

Retrograde flow moves in a pathological or 
“reverse” direction.

6.3.3.2  The Source of Its Contents
The usual source of the content of a vein is from 
superficial veins to deep veins in case of ante-
grade flow (see Sect. 6.3.3.1).

The reflux source is the point at which blood 
starts flowing against the compartment rule, it 
enters one vessel from another in retrograde flow, 
jumping from a small N into a bigger N.

• N1 → N2    from deep vein into saphe-
nous vein via the junction or 
a perforating vein

• N2 → N3/N4  from a saphenous vein into a 
tributary

• N1 → N3    from the deep vein via a per-
forating vein into a tributary

6.3.3.3  Drainage from the Varicose 
Vein: Re-entry Points

The re-entry point is the point where the blood in 
pathological flow re-enters a competent vessel, 
through which it is drained from the leg to the 
heart, where the blood changes anatomic com-
partments again in the physiological way from a 
big N to a small N (see Sect. 3.5).

• N2 − N1    from a refluxing saphenous 
vein via a perforating vein to 
the deep vein

• N3 − N2    from a refluxing tributary into 
a saphenous vein

• N3/N4 − N1  from a refluxing tributary via 
a perforating vein into the 
deep vein

Note: retrograde is not the same as 
towards the foot. For example, in the upper 
veins of the confluence of superficial ingui-
nal veins, flow towards the foot is not 
pathological.
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The re-entry point is very often a perforating 
vein.

The draining vessel, for example, the perforat-
ing vein, which is primarily healthy, is thus per-
manently overloaded by the additional blood 
volume of the recirculation.

A distended re-entry perforating vein is not 
primarily diseased but is simply, like the deep 
veins, overloaded by the reflux volume.

6.3.3.4  Shunts
A shunt is a short circuit or diversion from one 
vascular region to another, consisting of a reflux 
source and a re-entry point (see Sects. 
3.7–3.9).

A shunt may be open or closed, depending on 
whether or not the reflux returns to its original 
starting point.

Closed shunt: The blood returns to its starting 
point, overloading the venous system. The 
patient presents recirculation through a closed 
circuit (see Sects. 3.7.1 and 3.8).

Open shunt: The vein system has a reflux source 
and a re-entry point, but the blood does not 
complete a circuit. It can be just diverted (open 
deviated shunt; see Sect. 3.7.2) or bypassing 
an obstruction (open bypassing shunt or open 
vicarious shunt; see Sect. 3.7.3)

Classifying Recirculations (Closed Shunts) 
into Shunt Types (see Sect. 3.8)
Shunts are classified into six different types, 
called shunt types, according to their origin, 
course, implied networks and re-entry pathways, 
especially with reference to their treatment. The 
shunt type is defined according to the principal 
recirculation pathway; subsidiary circuits may be 
connected to the principal recirculation.

6.3.3.5  CHIVA Strategy
The CHIVA strategy consists of four parts (for 
further explanations, see Sect. 6.3.4):

• Dividing the hydrostatic pressure column
• Interrupting the recirculations
• Maintaining re-entry points
• Eliminating non-draining N3 networks

 1. Dividing the hydrostatic pressure column
Interrupting the reflux source is dividing 

the pressure column between the next superior 
deep vein valve and the re-entry point of the 
recirculation. Note: In case no iliacal valve 
exists and the sapheno-femoral junction is 
incompetent, the pressure column in the 
incompetent N2 (GSV) and depending N3 
(varicose tributary) starts at the right heart 
atrium. Divisions are possible at each patho-
logical compartment jump (N1  −  N2, 
N2 − N3) and at branching points of refluxing 
tributaries, as well as below a draining perfo-
rating vein in the course of a refluxing N2 or 
N3 segment.

 2. Interrupting the recirculations
The main object of the CHIVA strategy is 

to avoid recirculation circuits by means of 
ligations and interruptions, so as to remove 
the patho-haemodynamic cause of varicose 
veins: the pathological jumps of anatomic 
compartments.

 3. Maintaining re-entry points
Re-entry points allow the blood to drain 

from the veins of the superficial networks (N2 
and N3) into the deep system (N1) and there-
fore must not be ligated.

 4. Eliminating non-draining N3 networks
Large tributaries usually have muscle cells in 

the wall, allowing a good recovery of diameters 
after volume overload was interrupted. On the 
contrary, smaller tributaries or those with slow 
flow in preoperative conditions (poorly drained) 
usually do not. The recommendation is there-
fore to spare saphenous veins (N2), optionally 
also large tributaries (N3), combined with 
exhairesis or sclerotherapy of reticular varices. 
Exhairesis of all tributaries whilst maintaining 
the saphenous trunk veins and sclerotherapy of 
varicose reticular and spider veins are both 
compatible with CHIVA.

6.3.3.6  Different Types of Intervention
CHIVA 1: Interruption of the proximal reflux 

source of the principal and optionally also the 
subsidiary recirculations.

CHIVA 2: Interruption of the N2  −  N3 jump 
without interruption of the N1 − N2 jump as a 
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first step in case of shunt type 3 (RET positive; 
see Sect. 3.8.9). Check up after some months, 
and if necessary interruption of the primary 
reflux point, if it has not become competent.

CHIVA 1 + 2: “Conservative, non- haemodynamic 
procedure”

Simultaneous ligation of the primary and 
distal reflux sources with shunt type 3 instead 
of CHIVA 2 and later on second step. The 
result is an undrained system with numerous 
superficial vein thrombosis and recurrences in 
tributaries. Applied in some countries due to 
reimbursement necessities. The proximal 
saphenous trunk is left in the leg, but no longer 
participates in leg drainage. This is therefore 
described as an undrained system or a non- 
haemodynamic procedure.

Devalvulation: Resection of the valve in a com-
petent saphenous vein to avoid a non-drained 
situation in case of CHIVA 1 + 2: The saphe-
nous vein (N2) can then drain into the next 
perforating vein, avoiding the superficial vein 
thrombosis and permitting a drained situation 
for the saphenous vein.

Crossotomy: Interruption of the N1 − N2 jump 
at the sapheno-femoral junction (SFJ) at the 
level of the fossa ovalis without interruption 
of the tributaries of the groin. They are left 
draining into the great saphenous vein (GSV) 
avoiding a thrombosis of the latter.

6.3.4  CHIVA Strategy

Claude Franceschi explained four bases of the 
CHIVA strategy in his first publication in 1988. 
Since then, they have remained unaltered:

 1. Interrupt recirculation circuits by closing the 
escape point

 2. Divide the pressure column
 3. Maintain re-entry routes
 4. Eliminate non-draining tributaries

The result is:

• Only flow from superficial to deep 
(N3 − N2 − N1)

• No flow in circles (closed shunts)
• No volume overload in superficial leg veins

Sometimes, to achieve this result, blood will 
flow towards the food for a short segment in an 
N3 or N2 vein. The direction of flow plays not a 
big role, as long as the amount of blood is adapted 
to the vein diameter, the re-entry for the blood is 
adapted to the volume and thus a drained situa-
tion is created. After the interruption of the SFJ 
(see Fig.  6.1) and during diastole, blood in the 
proximal GSV will flow with a flat curve towards 
the foot (which means the “wrong” direction) 
until it finds the next perforating vein (see also 
Sect. 4.11.1 and Fig. 4.40). Blood from tributar-
ies (N3) will drain through the GSV (N2) into the 
deep vein via a perforating vein (see Fig. 6.1b). 
There will be no pathologic compartment jumps 
and no volume overload, as the GSV was 
designed to drain the blood of the tributaries and 
the deep veins to drain the blood of the leg.

This fact could be demonstrated by investiga-
tions measuring diameters of the common femo-
ral vein beneath the level of the confluence of the 
GSV (SFJ) 6 months and 5 years after applying 
CHIVA for GSV reflux. The common femoral 
vein is dilated in case of chronic venous insuffi-
ciency as compared to healthy individuals and 
reduces its calibre after surgery [6–8]. If the ret-
rograde drainage of the tributaries through the 
GSV into the deep veins would overload the fem-
oral vein, the diameter would not reduce to nor-
mal after CHIVA. At short term (6 months, [7]), 
the calibre reduction to normal values [9] could 
be demonstrated; this was still true in midterm 
evaluation (10 years, [8]), even though 20% of the 
investigated patients showed a slight recurrence.

6.3.4.1  Interruption of Recirculation 
Circuits

As with all other surgical options for the treat-
ment of varicose veins, the basic object of the 
CHIVA strategy is to interrupt the recirculation 
circuit.

The simplest way to do this is to interrupt the 
first reflux source. This prevents the blood from 
flowing from a low N to a higher one. In other 
words, the blood can no longer flow out of the 
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deep veins into the superficial system nor from 
the saphenous vein into the tributaries (see 
Fig. 6.1). In this way, not only the recirculation is 
interrupted, but volume overloading in the super-
ficial vein system is also eliminated.

As a result of the reflux point interruption, the 
blood can only flow from a “big N” into a “little 
N” (see Fig.  6.1b). A certain volume of blood 
flows down towards the foot in the superficial 
system below the interruption; however, a down-
ward flow is not necessarily a reflux. Reflux con-
sists of blood flowing antegrade during muscular 

systole (in the affected vein or another), which 
flows backwards in the diseased vein during mus-
cular diastole, generally towards the foot. This 
usually involves mainly the passage of blood 
from a low N (like a deep vein, N1) into a higher 
one, for example, to a saphenous vein (N2). Thus, 
blood flows back into the superficial system after 
it has already entered the deep system; this is 
undesirable since its physiological objective 
should be the most direct route to the heart (see 
Sect. 3.2.1).

N1a bN2 N3 N1 N2 N3

Fig. 6.1 (a) Shunt with escape point N1 → N2 at the SFJ, 
reflux into the GSV (red arrow), second escape point 
N2  −  N3 at knee level into a refluxing tributary (red 
arrow), re-entry perforating vein on GSV (N2 − N1) and 
re-entry perforating vein on the tributary (N3 − N1) (blue 
arrows). (b) The base of the CHIVA strategy: Interruption 

of pathological compartment jumps:  −  N1  →  N2 and 
N2 →  N3. Flow after treatment of a varicose vein with 
CHIVA: The blood flows towards the foot for a short seg-
ment but never from N1 to N2 or N2 to N3. The total 
blood volume in the leg is reduced to normal. With per-
mission by [10]
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Reflux is the basic signal indicating recircula-
tion: blood in circular flow, which never leaves 
the leg. If the primary reflux source is interrupted 
however, as by interruption of the SFJ, this will 
allow the blood from the tributaries of the conflu-
ence of superficial inguinal veins to flow towards 
the foot through the GSV as far as to the next 
perforating vein. In this case there is flow towards 
the foot but no recirculation exiting the deep vein 
and therefore no reflux. The blood from the capil-
lary networks which joins the epigastric and 
pudendal veins (N3 veins) flows through a saphe-
nous vein (N2) into the deep vein system (N1), 
without any occurrence of circular flow. The 
blood simply flows through a slightly longer seg-
ment of N2 (see Fig. 6.1).

The Italian language has an ideal word for this 
non-refluxing retrograde flow after interruption 
of the SFJ: “deflusso”, which could be translated 
into English as “downflow” or “deflux”.

The return of varicose veins to their normal 
calibre is the logical result of this relief from 
overloading [7, 8]. This reduction in calibre func-
tions best in the saphenous trunks. Perhaps one 
reason for this is the additional anchorage of the 
saphenous veins by the saphenous fascia, as well 
as the fact that the walls of the saphenous veins 
contain more muscle cells than epifascial tribu-
taries (see Sect. 2.6).

Keeping the saphenous veins is useful not 
only for later use of the vein as bypass material 
but also, more importantly, in order to preserve 
drainage routes for the superficial vein system of 
the leg and preventing recidives without escape 
point [12].

6.3.4.2  Division of the Hydrostatic 
Pressure Column

In the standing subject, varicose veins carry the 
blood into the deep vein system by the easiest 
route, as dictated by gravity. Even if the recircu-
lation is stopped, blood from the tributaries will 
prefer this easier way just down through the 
superficial vessels. For this reason, it is impor-
tant, whenever possible, to interrupt refluxing 
segments below confluences with tributaries or 
perforating veins, so that the blood is forced to 
find a route to the deep vein system through per-
forating veins, instead of remaining in the super-
ficial vein system and flowing down to the foot. 
Division of the pressure column is particularly 
important for a good cosmetic result in the calf 
region.

6.3.4.3  Keeping Re-entry Points 
Untouched

Re-entry perforating veins must be maintained 
untouched in order to provide drainage from the 
superficial vein system. They must be preserved 
as part of the CHIVA strategy.

The diameter of the drainage pathway, for 
example, the re-entry perforating vein or the 
draining tributary, must be sufficient to drain the 
flow from the refluxing proximal vein, without 
creating a bottleneck for the backflow. This is one 
of the most important concepts in CHIVA treat-
ment. In the first days after intervention, the 
treated vein is still distended and fills with blood 
from antegrade tributaries when standing. If the 
blood from this vein cannot drain well through 
perforating veins after the intervention, superfi-
cial thrombosis is very likely to develop.

The Calibre of the Draining Vein Must 
Match That of the Drained Vein
A velocity profile during duplex examination in 
PW mode can help in decision-making. If the 

This footward-directed flow after an 
interruption of the SFJ is often misinter-
preted when investigating patients after 
CHIVA. The same happened to 
Dwerryhouse [11] when they aimed to 
compare stripping with crossectomy with-
out stripping (which is not CHIVA!!). They 
found a footward-directed flow and 
described this as a reflux, so all the patients 
were catalogued as “failure”. If the upwards 
exit is closed and the saphenous vein is still 
patent, the blood has to leave it at a point 
downwards. And this necessarily induces a 
footward flow.
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tributary planned to be interrupted is closed by 
digital compression, the proximal segment of the 
vein from which this tributary is filled with reflux 
must still show a good reflux curve. If the reflux 
ceases (almost) completely under digital com-
pression of the tributary, the digitally closed ves-
sel is the principal drainage pathway and must 
not be interrupted in order to prevent a superficial 
vein thrombosis in the saphenous vein (see 
Fig. 6.2).

6.3.4.4  Eliminating Non-draining 
Venous Networks

The non-draining tributary network consists of 
veins which are distended by reflux with a poor 
drainage (see Sect. 3.2.3). The blood flows slowly 
in these veins, and they do not recover to normal 

calibre properly after volume overloading is 
relieved. They are mostly veins from the region 
of the accessory anterior saphenous vein (AASV) 
or reticular varices. It is sometimes necessary to 
carry out a mini-phlebectomy to optimise the 
cosmetic outcome or to apply sclerotherapy later 
on, if they still persist at time of follow-up. Large, 
winding saphenous tributaries do not fall into this 
group. They generally reduce their calibre well 
after volume overload is relieved. If the patient 
wants to see immediate results, the tributaries can 
also be phlebectomised, whilst the saphenous 
trunks are maintained.

Thus, the mini-phlebectomy or sclerotherapy 
of tributaries is not contradictory with CHIVA as 
often supposed. CHIVA aims to preserve the 
saphenous draining pathways.

*         ** 

*         **  *** 

a

*         ** 

b c

�

Fig. 6.2 Testing the drainage capacity of a perforating 
vein or a tributary prior to its interruption. This is per-
formed occluding the tributary with a finger. (a) Flow in 
the saphenous vein without manipulation (left) and set-
ting of veins, finger and probe (right) (as Fig. 3.31). (b) 
Flow in the saphenous vein whilst pressing on the tribu-
tary, no alteration in the curve: The perforating vein on 
the GSV is able to drain the blood from the saphenous 

vein. (c) Flow in the saphenous vein whilst pressing on 
the tributary: The perforating vein is not large enough to 
drain the blood from the saphenous vein. This tributary 
should not be touched simultaneously to the junction in 
order to avoid a thrombosis in the GSV. *Forefoot ele-
vation, **forefoot goes down again and relaxes, ***fin-
ger releases the pressure on the tributary. With 
permission by [10]
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6.4  CHIVA Strategy Depends 
on the Saphenous 
Perforating Veins

The most important distinction between two 
recirculation systems prior to decide which 
CHIVA strategy to apply is to find out whether 
there is or not a draining perforating vein link 
between the refluxing saphenous vein and the 
deep vein. This will differentiate the most fre-
quent shunt types (see Fig.  6.3): shunt type 1 
(with perforating vein drainage) from shunt 3 
(without perforating vein drainage). The differ-
ence can easily be found with the reflux elimina-
tion test (RET; see Sect. 3.8.9 and Fig. 3.31): 
digitally pressing on the refluxing tributary and 
testing if the GSV is still refluxing—in case of 

draining perforating vein on the GSV, the reflux 
will be persistent also under digital compression 
of the tributary (RET negative), and in case of no 
perforating vein, the reflux will stop (RET posi-
tive). The same criterion differentiates shunt 4 
(with perforating vein, RET negative) from shunt 
5 (without perforating vein drainage, RET 
positive).

After the first description of CHIVA, it soon 
became obvious that the situation defined as 
shunt type 3 made some problems: The CHIVA 
concept proposes to interrupt the veins at their 
pathological compartment jumps. This would 
mean to close the SFJ and the origin of the tribu-
tary (see Fig. 6.3). This works perfectly in case of 
shunt type 1 (see Fig. 6.3 left). But when closing 
the junction and the origin of the tributary, the 

Shunt Type 1 Shunt Type 3
Draining perforator No draining

on GSV perforator on GSV

Same surgical procedure in both 

cases: Interruption of the SFJ 

Postoperative result
Drained system for Not draining

GSV and tributary Not hemodynamic

Good long -term result Poor result

Same procedure prompts very different results due to 
preoperative

Postop pain 

Spider veins

Fig. 6.3 Comparison between results when applying the same treatment to shunt types 1 and 3 (after Cappelli, pre-
sented in Boston 2013). With permission by [10]
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segment of saphenous vein between both 
 interruptions would remain “non-drained” in 
case of shunt type 3 (see Fig. 6.3 right) (see also 
Sect. 6.11.3 shunt type 3).

If only performing crossotomy to the situation 
on the right part of Fig. 6.3 aiming to avoid the 
possible GSV thrombosis, a recirculation in the 
tributary would remain (see Fig. 6.4). Of course, 
the reflux volume would be reduced significantly, 
changing the shunt type 3 into a shunt type 2. In 
case of C4–C6 situation, when an improvement 
of clinics is the major focus, this will help. But in 
case the cosmetic result is a priority of the patient, 
this way will not be not satisfactory, as the tribu-
tary would remain visible.

6.4.1  CHIVA in Two Steps or 
“CHIVA 2”

To solve this problem, CHIVA in two steps was 
developed and called “CHIVA 2” in the CHIVA 

meeting in Passenans, 1994. In the first step, only 
the N2 → N3 compartment jump is treated with 
interruption of the tributary or tributaries that 
drain the reflux from the saphenous vein (Fig. 6.5) 
(see Sect. 6.11.3 Shunt 3). As a result, we will 
find a flow conversion in the great saphenous vein 
to antegrade in the days after the intervention 
(see Sect. 6.4.1.1). This situation can remain sta-
ble after some weeks, or a recurrence of reflux 
through the junction appears either draining 
through a perforating vein (see Sect. 6.4.1.2) or 
draining through a new tributary (see Sect. 
6.4.1.3). As this remodelling takes some time, the 
control ultrasound should be performed about 
3 months after the intervention or even later on. 
In case of permanent antegrade flow, patients at 
the control used to be also clinically free of com-
plaints. On ultrasound, a diameter reduction of 
GSV can be assessed and antegrade flow. On the 
contrary, in case of GSV reflux, patients feel 
some discomfort at the disconnection point 
(CHIVA 2 point), and in ultrasound, the GSV is 
still enlarged and refluxing.

This model of “working in two steps” is diffi-
cult in countries, where vein surgery is hospital 
based and the availability of surgical theatre slots 
is difficult. That is why other options have been 
developed, like devalvulation or CHIVA 1  +  2 
(see Sect. 6.12).

Of course, all expressed ideas concerning 
“CHIVA 2” apply also to the SSV, but there is no 
published data to tell about a percentage of cases.

As after the first step of CHIVA 2 there could 
be a saphenous vein thrombosis in the proximal 
segment of the GSV ascending into the femoral 
vein, special attention has to be paid to thrombo-
sis risk factors and to heparin prophylaxis for 
10–14 days after intervention. This is especially 
true in case of diameters of GSV at proximal 
thigh larger than 8.5  mm (see Pintos, Sect. 
10.1.4).

6.4.1.1  Flow Conversion 
in the Saphenous Vein

Forty-two percent of patients with a shunt type 3 
have an antegrade flow after tributary disconnec-
tion in shunt type 3 after 1 year; this is stable in 

Fig. 6.4 Interruption of the SFJ: The GSV will reduce its 
diameter and have retrograde, non-overloading flow. As a 
result, we find a recirculation from the distal saphenous 
vein into the tributary. N1 – N2 N3 – N1. With permis-
sion by [10]

E. Mendoza



131

29% of patients after 3 years [13]. This means that 
the GSV will be flowing physiologically with ante-
grade drainage (see Fig. 6.5) in midterm in about a 
third of all cases treated with CHIVA 2 first. There 
are some factors favouring this evolution:

• Small diameter of affected GSV
• Short refluxing segment of GSV (refluxing 

tributary at the proximal thigh)

Obviously, this result is the optimum desirable 
and really meets the saphenous sparing condition 
with an evolution to normality after the 
intervention.

6.4.1.2  Persistent Reflux Draining 
Through a Perforating Vein

In case of reflux recurrence in the GSV after trib-
utary interruption, the reflux will find a new re- 
entry pathway. This might be a perforating vein 
existing on the saphenous vein which enlarges to 
drain the reflux volume. That means that a shunt 
type 3 has been converted into a shunt type 1 and 
can be treated as such with a crossotomy (see 
Fig. 6.6).

6.4.1.3  Persistent Reflux Draining 
Through a New Tributary

The other option after the first step of CHIVA 
2 with recurrent reflux in the GSV is a new 
refluxing tributary draining the refluxing 
blood from the saphenous vein, which most 
often fills the first existent dilated tributary at 
some point. The patient returns reporting that 
nearly nothing happened apart from a slight 
reduction in the tributary or a disappearance 
of a part of the tributary and often reduction 
of symptoms. The reflux amount in the GSV 
in the months after the first step is most often 
less than before the intervention (see 
Fig. 6.7a). Again, a first step of CHIVA 2 can 
be performed interrupting the new refluxing 
tributary, expecting antegrade flow in the 
GSV (see Fig. 6.7b). In the authors’ personal 
experience, more than half of the patients had 
no flow reversal in the GSV after the second 
intervention of a tributary.

Another option is to perform a crossotomy 
and to leave a reflux into the tributary, if the 
patient is not too bothered by the fact that a tribu-
tary will be seen (see Fig. 6.7c).

ba

 42-29% 

Fig. 6.5 (a) First step of CHIVA 2: interruption of 
the tributary with flush ligation at the jump N2 − N3 

(dark green) N1 N2 N3 – N1–  (b) Flow conver-
sion in GSV in 42% (1 year) and 29% (3 years) after 
first step of CHIVA 2. The tributary drains its physi-
ologic blood load through the perforating vein, no 

recirculation, no varicose vein. The light green line at 
the N2 − N3 jump interruption represents the fact that 

this interruption is “old” N1 N2 N3 – N1–  results 
in no reflux—no second step is necessary. With per-
mission by [10]

6 Saphenous Sparing Strategy in the CHIVA Context



132

6.4.2  Devalvulation of GSV

To avoid the treatment in more than one step in 
case of shunt type 3 and fearing proximal throm-
bosis in the GSV after applying first step of 
CHIVA 2, the “devalvulation” was proposed by 
Claude Franceschi in the CHIVA Meeting (1994 

Passenans, France) and has been further devel-
oped. The aim is to create a draining situation for 
the GSV destroying the valve(s) in the GSV fur-
ther down to the draining tributary until the level 
of the next GSV perforating vein (see Sect. 7.9). 
Depending on the preoperative finding, there are 
three situations to use a devalvulator, called Type 

ba

Fig. 6.6 (a) After the first step of CHIVA 2 (light green line), 
the tributary has reduced calibre, draining through a perforat-
ing vein. The GSV is still refluxing, draining through a new 
widened perforating vein on the GSV—which might be 
proximal to the tributary interruption point (as depicted) or 

distally. N1 N2 N3 – N1 results in– N1 N2 N1 –  

(b) In this situation, the interruption of the SFJ (dark green 
line) completes the treatment and is called the second step of 
CHIVA 2. Blood from the proximal segment of the GSV will 

then drain through the perforating vein. N1 N2 – N1– . 
With permission by [10]

a b c

?

Fig. 6.7 (a) After the first step of CHIVA 2 (light green 
line), the tributary has reduced calibre, draining through a 
new refluxing, which might be proximal to the tributary 
interruption point (as depicted) or distally and that might 
join the pre-existent tributary (not shown). 
N1 N2 N3 – N1 results in– N1 N2 N3 N1–  

(b) One option is the interruption of the new refluxing 
tributary with the problem of the uncertain flow reversal in 
the GSV. (c) The third option is the interruption of the SFJ, 
resulting in poor cosmetic results (see Fig. 6.4). With per-
mission by [10]
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A, Type Bp and Type B (see Fig. 6.8), based on 
the presence or not of a draining perforating vein.

• Type A is the case of a multisegmental reflux 
in GSV. The devalvulation will be applied on 
the competent GSV segment between the two 
refluxing segments (see Fig. 6.8a).

• Type Bp applies to a shunt type 3. Distal to the 
refluxing tributary, on the antegrade segment 
of the GSV, a perforating vein is visible (most 
often the proximal paratibial or Boyd) (see 
Fig. 6.8b).

• Type B: Same situation as Bp (shunt type 3), 
but no visible distal perforating vein on the 
GSV. In this case, we assume the presence of 
the perforating vein at the typical locations 
(see Fig. 6.8b).

According to the results of the group in the 
Vall d’Hebron University Hospital (Barcelona) 
presented 2011  in Napoli by JM Escribano, the 
devalvulation worked in all three groups without 

statistical significant differences. They developed 
draining re-entry perforating veins achieving a 
drained system after one step.

The devalvulation has some advantages: It 
allows to treat a shunt type 3 in one session, being 
sure to achieve a drained situation.

6.5  Management 
of the Sapheno-femoral 
Junction

The great saphenous vein (GSV) is very often 
affected in varicose disease. The reflux source 
can be located at the groin with different varia-
tions, depending on the conditions of the termi-
nal and preterminal valve, as well as of the 
competence of the groin tributaries at the 
sapheno- femoral junction (SFJ) [19, 20] (see 
Fig. 6.9a and Sect. 4.4).

Treatment decisions depend not only on the 
described conditions but also on the draining 

a b

Fig. 6.8 Devalvulation in shunt 3. (a) Devalvulation 
Type A left: preoperative situation with two refluxing 
segments on the GSV and one interposed competent seg-
ment, as well as a perforating vein draining the distal seg-
ment located on the GSV. Right: crossotomy and tributary 
disconnection (green lines) and devalvulation (orange) of 
the competent segment between the two refluxing GSV 
segments. The upper GSV is now drained through the dis-
tal re-entry perforating vein. N1 – N2 – N3 – N2 – N1 (b) 

Devalvulation Type Bp and B: management of shunt type 
3 (as in Fig. 6.3 upper right) with crossotomy, tributary 
disconnection and devalvulation (orange line) of the GSV 
between the tributary disconnection point and the next 
perforating vein (blue arrow). If there is a large perforat-
ing vein preoperatively, this type of devalvulation is 
called Bp, and if not, it is called B. N1 – N2 – N3 – N1

N1

. 

With permission by [10]
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pathways of the reflux (see Sect. 6.4). In case 
no draining perforating vein is found on the 
saphenous vein, possibly the tributary will be 
treated first and the SFJ later on only in case it 
is still refluxing (see “CHIVA in two steps”, 
Sect. 6.4).

6.5.1  Incompetent Terminal 
and Preterminal Valve

This section deals with the treatment of a reflux 
in the GSV caused by incompetent terminal and 
preterminal valves (see Fig. 6.9b).

Claude Franceschi introduced the concept of 
“crossotomy” in 1988 [5], which means to inter-
rupt the saphenous vein from the deep vein at the 
level of the ostium, leaving the groin tributaries 
untouched (see Fig.  6.9c). The groin tributaries 
drain retrogradely through the saphenous vein 
and further down into the deep vein via a perfo-

rating vein. They wash out the GSV avoiding a 
thrombosis (see Sect. 7.2). This interruption was 
described as double ligation with interruption 
between both—later on modified adding clips, 
with and without interruption but always leaving 
the drainage of the junction tributaries into the 
distal GSV.

In some countries, this technique is not reim-
bursed by the public health-care system (like in 
Germany); thus the crossectomy with ligation of 
all the groin tributaries excepting the posterior 
accessory saphenous vein is often performed, 
surprisingly with little superficial thrombosis as a 
consequence, but destroying the drainage path-
way of the pudendal, epigastric, accessory ante-
rior and circumflex veins. This is not CHIVA at 
its pure form.

Further developments, like endoluminal heat 
or glue application, are studied in the context of 
CHIVA [14]. Long-time results are still missing. 
For further information, see Sect. 7.13.

CFACFV
PGT

AASV

PTV

GSV

TV

a b c

Fig. 6.9 (a) Schematic representation of the sapheno- 
femoral junction: CFA, common femoral artery; CFV, 
common femoral vein; PGT, proximal groin tributaries; 
AASV, anterior accessory saphenous vein; GSV, great 
saphenous vein; TV, terminal valve; PTV, preterminal 
valve. This schematic representation is the basis of the 
next figures. It has to be remarked that there are lots of 
anatomic variations in the sapheno-femoral junction and 
not always all the tributaries are present and or there is 
more than one of each. (b) Incompetent terminal and pre-
terminal valve at the SFJ (for legends, see figure a). The 

reflux emerges from the femoral vein (blue) and tres-
passes the terminal valve and the preterminal valve. The 
GSV (green) is filled with reflux. The accessory anterior 
saphenous vein (violet) and the other tributaries of the 
groin (pudendal, epigastric and circumflex veins—yellow 
and orange) are competent. (c) The crossotomy is repre-
sented by a red line: interruption of the GSV at the very 
level of the ostium. The reflux path is interrupted; the 
draining path from the tributaries into the patent GSV is 
possible (yellow arrows) and washes the distal GSV 
avoiding thrombosis. With permission by [15]
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6.5.2  Incompetent Anterior 
Accessory Vein

In case of an incompetent terminal valve and 
competent preterminal valve, the reflux from the 
deep vein fills a short segment of the GSV and 
then escapes into the anterior accessory saphe-
nous vein. The AASV is one of the most impor-
tant tributaries of the GSV. Its pathology is often 
cosmetically bothering. There are lots of possible 
combinations of reflux with the GSV and thus 
lots of treatment options at groin level. Usually 
the AASV feeds a long visible tributary net, 
which often does not disappear completely after 
reflux abolition. So, a simultaneous sclerotherapy 
or phlebectomy should be proposed to the patient; 
alternatively the sclerotherapy could be applied 
after some months, as the AASV will have 
reduced its calibre (see Sect. 7.12).

The anterior accessory saphenous vein (AASV) 
has a proximal interfascial segment (N2). Along 
its course, it pierces the fascia to become extrafas-
cial (N3) in most cases. Sometimes it stays inter-
fascial. It has an inter- or epifascial communicating 
vessel to the GSV. This connecting vessel has to be 
considered when applying CHIVA.

A classification into a shunt type 1 or 3 is dif-
ficult, because the vein is interfascial in its origin 
(N2) and only in its course it turns epifascial (N3) 
sometimes without any branching.

6.5.2.1  Incompetent Terminal 
and Competent Preterminal 
Valve

Reflux from the common femoral vein (N1) with 
incompetent terminal valve into the GSV (N2), 
escaping into the AASV. Competent preterminal 
valve with no reflux down the GSV. The AASV is 
always subfascial in the first segment, becoming 
extrafascial at a certain point of its course; thus it 
might be considered an N3 with a first segment as 
N2, using N2/N3 to signal this (Fig. 6.10a).

The treatment is a flush ligation of the AASV 
at the confluence with the GSV, also called lateral 
crossotomy. The SFJ itself must not be ligated, 
since in that case the distal, antegrade GSV would 
have no drainage, causing a non-drained situation 
for the GSV and possibly thrombosis in a healthy 
vessel.

6.5.2.2  Incompetence of a Subfascial 
AASV with Refluxing Tributary 
Leaving the Fascia

Incompetent terminal valve with reflux from the 
femoral vein (N1) into the GSV (N2). Competent 
preterminal valve with reflux escaping through 
refluxing AASV.  In this case, the AASV has a 
complete subfascial course; thus it is an N2 ves-
sel. Further down the reflux drains into an extra-
fascial tributary (N3); the AASV is competent in 
the footward segment (see Fig. 6.11a).

In this case the AASV may be considered as 
an N2 with reflux into a tributary. The interrup-
tion of the tributary “en niveau” is often enough 
to cause a flow reversal in the AASV (see 
Fig. 6.11b). Otherwise the vein has to be treated 
as described in Sect. 6.5.2.2: lateral 
crossotomy.

6.5.2.3  Incompetence of the AASV 
with Simultaneous 
Incompetence of the GSV 
and Draining Perforating Vein 
on GSV

Reflux from the common femoral vein (N1) with 
incompetent terminal and preterminal valve, into 
the GSV (N2) above or above and below the 

The SFJ will be treated in the CHIVA con-
cept in case of:

• Incompetent terminal and preterminal 
valve.

• In addition: draining perforating vein 
further down on the saphenous vein 
(RET negative).

• If no draining perforating vein is found 
on the GSV (RET positive), consider 
first to treat the tributary or apply deval-
vulation (see Sect. 6.4).
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knee. Drainage through perforating vein from the 
GSV (shunt type 1). In addition, reflux into the 
AASV (N2/N3) as refluxing tributary (see 
Fig. 6.12a).

The treatment consists in the interruption of 
the SFJ (crossotomy) with simultaneous interrup-
tion of the AASV (see Fig. 6.12b).

6.5.2.4  Incompetence of the AASV 
with Simultaneous 
Incompetence of the GSV 
and No Draining Perforating 
Vein on the GSV

Reflux from the common femoral vein (N1) 
with incompetent terminal and preterminal 

a b

Fig. 6.10 (a) Incompetence of the terminal valve, 
competence of the preterminal valve with reflux escap-
ing through AASV. N1 N2 (GSV) N2/3 (AASV) – … 

(b) Treatment option: flush ligation of the AASV at the 
GSV, sometimes called “lateral crossotomy”.  

–N1 N2 N2/3 – ... With permission by [10]

ba  

Fig. 6.11 (a) Incompetence in the proximal section of 
the AASV. The reflux leaves the AASV and exits from 
the fascia (brown line) through a tributary. 
N1 N2 (GSV) N2 N3(AASV)  (b) Situation after 
interruption at the tributary with flush ligation at the 

level of the AASV.  The interfascial lateral accessory 
saphenous vein and the SFJ have become competent 
again. N1 N2 (GSV) N2 N3(AASV) –  With per-
mission by [10]
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valve, into the GSV (N2) above or above and 
below the knee. Drainage through a tributary 
from the GSV (shunt type 3). In addition, reflux 
in the AASV (N2/N3) as refluxing tributary (see 
Fig. 6.13a).

Usually in case of shunt type 3, the treatment 
is flush ligation of both tributaries, followed by 

crossotomy after some months in over 50% of 
cases (see Sect. 6.4.1). As the AASV has to be 
ligated in the groin itself, in case of a further need 
of a crossotomy after some months, a re- 
intervention in the groin would be necessary and 
has to be performed in scarred tissue. That is why 
this approach is no good option.

a b

Fig. 6.12 (a) Reflux in GSV and AASV with incompe-
tent terminal and preterminal valve, draining perforating 
vein on the GSV. N1 N2 – N1

N2/3 – N1

 (b) After crossotomy 

with additional interruption of the AASV calibre  
reduction in GSV and AASV. N1 N2 – N1

N2/3 – N1

– . With 

permission by [10]

a b c

Fig. 6.13 (a) Shunt type 3 with two tributaries: one at 
distal thigh and one is the AASV. N1 N2 N3 – N1

N2/3 – N1

 

(b) Treatment in case of little reflux: interruption of the 
tributary with flow reversal in the GSV in about 50% of 
cases. Later the AASV could be treated with sclero-
therapy in case of little reflux or with interruption at the 

confluence with the GSV. N1 N2 N3 – N1

N2/3 – N1

–  (c) 

Treatment in case of dilated veins: crossotomy includ-
ing the interruption of the AASV and perhaps later 

sclerotherapy of the tributary. N1 N2 N3 – N1

N2/3 – N1

– . 

With permission by [10]
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There are two alternatives:

• In case of little reflux in GSV and AASV, with 
small diameters (Fig.  6.13b), perform first 
flush ligation of the distal refluxing tributary 
(at the thigh or calf), but not touching the 
AASV. Follow-up: In case of competent GSV, 
then perform a phlebectomy or sclerotherapy 
of AASV. In case of still refluxing GSV (ter-
minal and preterminal valve), perform a cros-
sotomy and interruption of the AASV in a 
second step.

• Dilated GSV and AASV with large amount of 
reflux (Fig.  6.13c): treatment of the SFJ as 
first step with crossotomy and interruption of 

AASV. Depending on the calibre reduction of 
the tributary, it may be treated after some 
months with sclerotherapy or phlebectomy or 
flush ligation.

6.5.2.5  Reflux in the AASV 
with Drainage into the GSV at 
Mid-thigh via a Communicating 
Vein

Reflux from the common femoral vein (N1) 
through the SFJ into the GSV (N2), escaping into 
the AASV. The preterminal valve is competent; 
thus the GSV at proximal thigh is competent but 
is filled refluxingly via a connecting vein from 
the AASV at mid-thigh (See Fig. 6.14a).

a

c d e

b

? �

Fig. 6.14 (a) Reflux from deep vein into GSV and 
AASV, competent GSV at proximal thigh. AASV 
branches, one tributary fills the GSV with reflux. 
N1 N2 N3 – N1  

N2 N3 – …

 (b) Treatment of the situ-

ation in a: interruption of the AASV at its junction with 
the GSV, interruption of the branch feeding the GSV and 
of the distal GSV tributary. N1 N2 –

–

N3 – N1  

N2 N3 – …

 

(c) Failure of the strategy with development of an appar-
ently new reflux in the proximal GSV. (d) In the preop-
erative investigation, usually we find a diastolic flow 
from refluxing AASV into GSV, assuming the GSV at the 
proximal thigh is competent. (e) Manoeuver to discover 
the flow direction in the GSV at proximal thigh digitally 
closing the AASV during exploration. With permission 
by [10]
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The treatment consists in a flush ligation of 
the AASV at the GSV in the groin and an inter-
ruption of the tributary feeding the GSV to dimin-
ish the flow into the GSV and flush ligation of the 
tributary distal at the GSV (Fig. 6.14b).

Very seldom the proximal GSV becomes 
incompetent after this strategy (Fig.  6.14c). 
Possibly it was already dilated but when mea-
sured with duplex, a reflux did not occur, because 
the amount of blood refluxing via AASV was 
more important, provoking an antegrade diastolic 
flow in the GSV (Fig.  6.14d). To unmask this 
latent reflux in the GSV prior to the first treat-
ment step, the AASV has to be occluded (e.g. 
with a finger) during the ultrasound exploration, 
and then the GSV at proximal thigh has to be 
explored during a provocation manoeuver. Only 
if still there is no reflux in muscular diastole, the 
GSV at this level has to be assumed as competent 
(Fig. 6.14e).

6.5.2.6  Isolated Incompetence 
of the AASV

Sometimes we find an isolated reflux in the 
AASV with competent terminal and preterminal 
valves. The reflux source might be the competent 
GSV or a reflux from pelvine tributaries into 
AASV (see Fig. 6.15).

Classically and following CHIVA principles, 
an interruption of the AASV in the groin should 
be performed (half-coloured green interruption 
point in Fig. 6.15). As the amount of reflux is lit-
tle (not emerging from the deep vein), the author 
generally treats these patients with foam sclero-
therapy, if a treatment is really necessary (e.g. for 
cosmetic reasons). Alternatively, the interruption 
at fascial level with or without phlebectomy of 
the subcutaneous part of the vein may be per-
formed (full-coloured green interruption point in 
Fig. 6.15). In theory, the AASV could be closed 
with endoluminal techniques.

6.6  Management of Pelvic Reflux

Pelvic reflux has its origin in an incompetent 
pelvine network, filling tributaries at the groin, 
the ventral, inner or posterior part of the thigh 

and this finding a retrograde pathway to fill leg 
veins. The classification and treatment of the 
pelvic leak points are extensively discussed in 
Chap. 8.

The refluxing pathways originated by a pelvic 
reflux are:

• Pelvic reflux feeds the GSV via a tributary of 
the sapheno-femoral junction.

• Pelvic reflux feeds the GSV via a tributary at 
the thigh or the calf.

• Pelvic reflux feeds the SSV via a long tribu-
tary at the calf or the Giacomini vein.

• Pelvic reflux fills only tributaries, not involv-
ing a saphenous vein in the pathology.

The first situation is discussed in Sects. 6.6.1 
and 6.6.2 and the last three in Sect. 6.6.3.

Fig. 6.15 Surgical procedure for isolated incompetence 
of the AASV. The brown tiny line represents the fascia. 
Either interruption of the AASV at the level of the GSV 
(surgically or with endoluminal devices) or after emerging 
the fascia in case of the existence of a competent distal 
AASV segment. Alternatively, the AASV without reflux 
from the deep veins can be treated with foam sclerother-
apy. With permission by [10]
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6.6.1  Competent Terminal 
and Incompetent Preterminal 
Valve

This condition is only known since the introduc-
tion of ultrasound to the diagnostics of superficial 
vein insufficiency. When applying saphenous 
vein ablative procedures, the source of the reflux 
is indifferent. It is always the same procedure: 
crossectomy and stripping. This is the reason 
why even after the introduction of ultrasound, the 
distinction of the source of reflux at the SFJ was 
not important for lots of phlebologists or vascular 
surgeons [16–18].

And this is the reason why often colleagues do 
not understand what is meant, when CHIVA 
appliers talk about competent terminal valve and 
incompetent preterminal valve or para-ostial 
reflux, referring to the fact that the reflux does not 
trespass the ostium, like the case described in 
Sect. 6.3.1, but comes from the tributaries in the 
groin (see Fig. 6.16).

This is why it is strongly recommended to 
gather further information in Sect. 4.4 and in 
additional books or articles, in case of not being 
familiar with the exploration of the groin tributar-
ies. The terminal valve is competent; neither with 
dynamic provocation manoeuvres nor with 
Valsalva or compression release of the calf, a 
reflux from the femoral vein into the GSV can be 
generated. The reflux source is found in the 
supra-inguinal region, summarised as pelvic 
reflux (see Fig.  6.16a and Sects. 6.6, 6.11.4.2, 
and 6.11.4.4 and Chap. 8).

In these patients, no pathologic compartment 
jump is found at the level of the groin cease. But 
a pathologic amount of blood is drained into the 
GSV. The pelvic compartment (“P”) feeds a trib-
utary. This is the pathologic compartment jump. 
And this tributary meets the saphenous vein at 
the groin level (P → N3 − N2).

The drainage of groin tributaries into the 
saphenous vein is a physiologic condition. The 
amount of blood makes the difference (see Sect. 
4.5). The origin of the reflux has to be found and 
possibly treated, depending on the drainage path-
ways (see shunt types 4 and 5 and Sects. 3.8.5, 
3.8.7, 6.11.4, and Chap. 8).

How to treat this condition? Thinking as 
usual in classical phlebology, as the GSV is 
refluxing starting at the SFJ, the “crosse” has to 
be treated. But when applying a crossotomy to a 

a

b

Fig. 6.16 (a) Para-ostial reflux that means competent ter-
minal valve and incompetent preterminal valve. The 
reflux does not flow from the deep vein into the GSV. The 
origin is another network, in this case pelvic reflux. (b) 
Result after applying a crossotomy, an interruption of the 
GSV at the level of the ostium and leaving the reflux fill-
ing the GSV: The reflux situation is exactly the same as 
prior to the intervention (Compare Figs. 4.10–4.12 and 
4.43). With permission by [15]
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para-ostial reflux and leaving the GSV in situ 
(we are doing saphenous vein sparing surgery!), 
this interruption would not change anything in 
the haemodynamic situation (see Fig. 6.16b, red 
line and Fig. 4.43).

The optimum would be to establish a drained 
situation, where either the reflux would be abol-
ished at its origin (at the level of the pelvic net-
work, see Chap. 8) or the reflux from the pelvic 
network would be drained into the deep veins in 
a proper way creating a stable drained circuit 
without a compartment jump in the leg that would 
cause a volume increase in any venous network 
of the leg.

Depending on the drainage situation of the 
GSV, different possibilities would be at choice:

If there is a draining perforating vein on the 
GSV (shunt type 4; see Fig. 6.17a) and a reflux-
ing tributary at the leg, the tributary at the leg can 
be treated (see Fig.  6.17b), leaving the pelvic 
reflux drained through the GSV and the perforat-
ing vein. The GSV would suffer a discreet over-
load with pelvic blood, but often this situation 
remains stable throughout many years. If the 
amount of pelvic reflux is too high, the pelvic 
leak point should be treated (see Fig. 6.17c and 
Chap. 8).

Experimentally some colleagues have inter-
rupted the GSV distally to the junction that 
means at the level of the preterminal valve. In 
classic venous surgery, this always has been 
thought to be malpractice leading to recidives. 
These procedures are only anecdotes, as the col-
leagues never published their results. Having a 
close look at the endoluminal thermal ablation 
therapies, the closure distally to the preterminal 
valve leaves exactly the same situation: the groin 
tributaries drain into the deep veins via the 
SFJ.  Possibly in the future this could be an 
option as alternative to the surgical interruption 
of pelvic leak points, which is not a familiar rou-

tine method for every vascular surgeon (see 
Fig. 6.17d) [14].

If there is no draining perforating vein on the 
GSV (shunt type 5; see Fig. 6.18a), the interrup-
tion of the distal tributary will lead to a compe-
tent GSV in 97% of cases, stable throughout the 
time (see Fig. 6.18b) [13].

This is one of the optimum situations to apply 
CHIVA: A GSV with reflux and feeding refluxing 
tributaries is reverted to a competent vein, stable 
throughout time. The benefit for the patient is 
obvious: preservation of the complete untouched 
N2 system and no scar in the groin (neither surgi-
cal nor endothermal). And it is the optimal 
“starter” setting for hesitating colleagues: The 
flow reversion in a refluxing GSV is a strong 
“convincer”.

To discriminate between the presence or not 
of a draining perforating vein along the reflux-
ing GSV, the RET (reflux elimination  
test) is performed (see Sect. 3.8.9 and Fig. 
3.31).

6.6.2  Incompetent Terminal 
and Preterminal Valve 
with Additional Reflux 
in Groin Tributaries

Sometimes, in addition to a reflux from the fem-
oral vein into the GSV via an incompetent ter-
minal and preterminal valve, an additional 
pelvic reflux joining in through a groin tributary 
is found. For this situation, as seen in Sect. 
6.5.1, CHIVA proposes the crossotomy. The 
problem is that this would leave a reflux from 
the groin tributary into the GSV (as depicted in 
Fig. 6.16b).

There are some options:

• The pathologic tributary is interrupted in the 
context of the crossotomy. This would leave a 
non-drained situation for the pelvic reflux 
(groin tributary), which could lead to recidives 
fed by the pelvic leak point.

• The crossotomy is performed in addition to an 
interruption of the pelvic leak point (see 
Chap. 8).

In this condition and in the CHIVA con-
text, a crossotomy is not an option.

6 Saphenous Sparing Strategy in the CHIVA Context



142

• In case of a perforating vein draining the GSV, 
the pelvic leak point is left without treatment 
when performing a crossotomy, expecting a good 
drainage retrogradely through the GSV and the 
perforating vein, achieving a drained situation for 
the pelvic leakage.

6.6.3  Pelvic System Feeding 
Tributaries

A pelvic reflux feeds a tributary. The tributary is 
enlarged and can be seen through the skin at the 
inner thigh, ventral thigh or dorsal aspect of the 

a b

c d

Fig. 6.17 (a) Shunt type 4 with pelvic reflux, filling the 
GSV retrogradely, draining through a perforating vein on 
the GSV and in a tributary. The terminal valve is compe-
tent and the preterminal valve incompetent. 
P N2 – N1

N3 – N1

 (b) One option is the interruption of the 

tributary. The tributary will reduce its calibre; otherwise it 
could undergo phlebectomy or sclerotherapy. The pelvic 
reflux will still fill the GSV and drain through the perfo-
rating vein. P N2 – N1

N3 – N1

 (c) If the volume overload in 

the GSV is too high, the pelvic leak point could be inter-
rupted. As a result, the GSV would become competent. 

P N2 – N1

N3 – N1

–  (d) Another option would be the closure 

of the proximal GSV distal to the preterminal valve with 
endoluminal thermal ablation of a short segment (e.g. 
7 cm) in addition to the tributary interruption. This leaves 
the junction as drainage for the pelvic reflux, avoiding a 
reflux into the GSV. This option has the disadvantage that 
it disrupts the GSV instead of leaving it with antegrade 
flow as shown in c, and it leaves it with a retrograde flow 
filled by draining tributaries. N2P N2 – N1

N3 – N1

– . With 

permission by [10]
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thigh. These tributaries can either meet an acces-
sory or saphenous vein or be drained into a perfo-
rating vein.

Depending on the reflux amount, a surgical 
interruption of the pelvic leakage point is advised 

(see Chap. 8), or in case of lesser diameters, a 
sclerotherapy should be considered. Sometimes the 
sclerotherapy of the tributary will reverse the reflux 
in the affected saphenous or accessory veins.

6.7  Management 
of Incompetent Sapheno- 
Popliteal Junction

The considerations about reflux sources, treatment 
depending on the distal drainage explained for the 
GSV, also apply to the small saphenous vein 
(SSV). Still there are some differences. In the SSV, 
we do not find a terminal and  preterminal valve, 
neither a complex tributary system. The pelvic 
reflux can feed the SSV via the Giacomini vein or 
a superficial tributary; this is however a very sel-
dom condition that should be treated in the same 
way as explained for the GSV. In this chapter, only 
the special features of the SSV regarding to its 
anatomical and functional criteria will be exposed.

6.7.1  Anatomic Features of SSV

The small saphenous vein (SSV) shows only one 
tributary, the Giacomini vein or thigh extension 
of the SSV present in 60% of cases. The 
Giacomini vein begins at the SPJ and courses up 
the back of the leg to the mid-thigh and then turns 
medial and ventral to meet the GSV.  It carries 
blood from the back of the thigh to the SPJ and/
or the GSV; the direction of flow under physio-
logical conditions has not been clearly 
established.

The SSV drains into the popliteal vein at dif-
ferent levels, in the knee-fold or above it, seldom 
below it via a muscle vein (see Sect. 4.6). These 
anatomic variations of the sapheno-popliteal 
junction (SPJ) have to be taken into account 
when deciding the treatment modalities in the 
CHIVA context.

Figure 6.19 shows the different anatomical ele-
ments of the SPJ (see also Sect. 4.6). A particular-
ity of this junction, as compared to the SFJ, is that 
both the SSV itself and its “junction tributary”, 
the vein of Giacomini, are covered by a very thick 

a

b

Fig. 6.18 (a) Shunt type 5 with pelvic reflux, filling the 
GSV retrogradely, draining through a tributary fed by the 
GSV. There is no dilated, draining perforating vein con-
necting the GSV with the deep veins. The terminal valve 
is competent and the preterminal valve incompetent. 

N2P N3 – N1 (b) Treatment: interruption or phle-
bectomy of the tributary with the result of a stable flow 

inversion in the GSV in 97% of cases. N2P N3 – N1– . 
With permission by [10]
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fascia. This means that the SSV, the muscle veins 
and the vein of Giacomini are all directly subject 
to the same pressure as the popliteal vein.

6.7.2  Treatment of the SPJ 
Depending on the Giacomini 
Vein and Muscle Veins

The treatment of the SPJ depends on the anat-
omy. This has to be considered when planning 
the CHIVA strategy for the following reasons:

• Muscle veins from the gastrocnemius muscu-
lature drain directly into the SPJ and can have 
connections with the last 5–10  cm of the 
SSV.  Thus, they may maintain recirculation 

after the SPJ has been interrupted as shown in 
Fig. 6.20a.

• Another source of permanent reflux can be 
found in the Giacomini vein, which can have 
connections to the deep venous system at the 
back of the thigh or even being refluxing fed 
by the GSV (see Fig. 6.20b).

• The vein of Giacomini may also present an 
excessively high blood column even without 
pathological reflux from the muscle veins, 
preventing a good cosmetic outcome after 
interruption of the SPJ leaving the Giacomini 
vein draining into the distal SSV (see 
Fig. 6.20b).

In the presence of reflux from the popliteal vein 
into the SSV, with no confluence of the vein of 

Deep
vein  

Femur

Tibia

Short saphe-
nous vein 

Muscle veins

Gastrocnemius
GSV

V. Giacomini

Thigh
musculature 

Fascia

Fig. 6.19 Anatomic components of the junction of the 
small saphenous vein with the popliteal vein. Bones are 
represented in grey and muscles in orange. The deep 
venous system (N1) is in dark blue, muscle veins in tur-
quoise and interfascial veins (N2) in light blue. The super-
ficial fascia is very strong in the dorsal part of the leg, 
covering the N2—veins and the muscles, as well as the 
fossa poplitea like a tent. It is represented in green. The 
muscle-fascia wraps the muscles and is represented as 
black line covering the orange muscle (compare Fig. 
4.25). With permission by [10]

a b

Fig. 6.20 Persistent reflux in post-operative examination 
after interruption of the junction of the SSV directly at the 
level of the popliteal vein. (a) Reflux persists through the 
muscle veins which wasn’t identified prior to the interven-
tion. (b) Persistent reflux through a long segment of the 
vein of Giacomini after interruption of the SPJ without 
treatment of the Giacomini vein. With permission by [10]
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Giacomini or the muscle veins into the SSV, a clas-
sic flush ligation of the SSV at the confluence with 
the popliteal vein is recommended (no figure).

However, if the vein of Giacomini or muscle 
veins also flow into the SSV, examination a few 
weeks after interruption at the deep vein might 
show that the SSV is still filled refluxingly out of 
one of these sources (Fig. 6.20). That is the rea-
son why in these cases it is best to interrupt the 
SSV distal to the vein of Giacomini as a first 
option, considering the SPJ as a perforating vein 

that is “terminalised” (see Sect. 6.9.2) with this 
strategy (see Fig. 6.21a) or distal to the muscle 
veins (see Fig. 6.21b red cross). Alternatively, the 
centimetres of SSV with confluence of muscle 
veins may be completely extracted, performing 
flush ligation at the popliteal vein and interrupt-
ing the muscle veins at the point they join in the 
SSV (see Fig. 6.21c, red lines and Fig. 6.22 for 
further details).

In case the SSV drains directly into a muscle 
vein and not into the SPJ, which is very often, the 

b c

a
Fig. 6.21 Flow 
situation after 
interruption of the SSV 
not at the junction with 
the popliteal vein but (a) 
after interruption of the 
SSV below the vein of 
Giacomini confluence, 
allowing the blood of 
the Giacomini vein to 
drain into the deep vein 
through the junction, (b) 
after interruption of the 
SSV below the last 
muscle vein (red x) or 
(c) exhairesis of the 
junction (red lines). 
With permission by [10]
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interruption level should be between the SSV and 
the muscle vein, not at the level of the popliteal 
vein, as then a deep vein (muscle vein) would be 
interrupted (See Fig. 6.22b).

6.7.3  Recurrences at the Sapheno- 
popliteal Junction

Unfortunately, recurrence after ligation distal to 
the junction may sometimes occur through a trib-
utary in the popliteal fossa region (see Fig. 6.23): 
After interruption of the SSV below the conflu-
ence of the vein of Giacomini or the muscle 
veins, refluxing tributaries may appear in the 
popliteal fossa despite initial flow reversal, espe-
cially in case of mixed shunts with systolic reflux 
in the short saphenous vein. The blood flows 
from the SPJ into the subcutaneous vessels either 
directly from the SPJ or through the distal section 
of the Giacomini vein. The strategy may be 
sclerotherapy or interruption of the tributary. 
Before performing a flush ligation of the SSV at 
the level of the popliteal vein, it has to be sorted 
out that the Giacomini vein is not part of an open 
bypassing shunt replacing the function of the 
deep vein (see Fig. 6.45) in case of strong reflux.

In rare cases, in the absence of any connection 
between the SSV and the deep venous system in 

the fossa poplitea, the Giacomini vein takes over 
as the only vessel carrying drainage from the 
SSV. If the SSV is refluxing in these patients, the 
reflux usually originates from the GSV or a per-
forating vein at the back of the thigh. In the first 
case, the reflux in the GSV has to be treated. In 
the latter, the perforating vein should be inter-
rupted (see Sect. 6.9.1).

Another specific problem of the SSV is very 
seldom found in the post-operative development 
years after the interruption of the SSV either next 
to the deep vein or distal to the confluence with 
the Giacomini vein. The SSV occasionally suf-
fers a recanalisation or new anastomosis in the 
saphenous compartment, despite resection of 
some centimetres and use of non-absorbable 
suture. In ultrasound, a vessel like the SSV is 
seen at a place, where the first post-operative 
control demonstrated a correct interruption. 
Histology of the vein shows no muscle cells in 
the wall demonstrating a neovessel (author’s own 
experience, not published). It almost seems as if 
the fascial sheath leads as guidance for the recon-
struction of a vessel. To avoid this, it may be nec-
essary in addition to sew the two fasciae (muscle 
and saphenous) together to close this virtual 
space.

All these difficulties must be considered when 
planning a strategy for the SPJ. The problem of 

ba c

Giac. SSV

SFJ

Popliteal vein

V. Giac.

Muscle   
vein

Popliteal vein

SSV

V. Giacomini *

Popliteal vein

* = SPJ

Fig. 6.22 (a) The vein of Giacomini drains directly into the 
popliteal vein. Interruption of the SSV is further distal, green 
line to allow drainage of the Giacomini vein. (b) (Corresponds 
to Fig. 4.27b) Reflux from the popliteal vein via a muscle 
vein into the SSV (red arrow). Treatment: interruption of the 
SSV at its confluence with the muscle vein (green line). (c) 

(Corresponds to Fig. 4.26a): Reflux from the popliteal vein 
into the very dilated SSV. Interruption of the SSV with flush 
ligation directly at the popliteal vein (green line). The thin 
vein of Giacomini will not bring a clinical relevant reflux into 
the SSV, so it may be left as perfusion of the SSV to avoid 
thrombosis. With permission by [10]
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surgical treatment of the SSV using the CHIVA 
method is not finally solved however, as this con-
dition is rarer than a reflux in the GSV and no 
randomised studies have been performed or 
published.

6.7.4  Alternatives to Surgery 
of the SPJ

Sometimes the surgical approach to the SPJ is 
not easy. The proximal centimetres of the SSV 
could then be closed with endoluminal applica-
tions (heat or glue) as an alternative. Another 
option to have in mind is to leave the SPJ 
untouched and to treat only the tributaries from 

the SSV. The SSV is covered by a strong fascia 
and reacts particularly well with calibre reduc-
tion after interruption of tributaries (see Sect. 
6.4.1). Thus, even if muscle veins or thin perfo-
rating veins are present, the interruption of tribu-
taries as only procedure should be considered. 
At the post-operative examination, the SSV 
might show antegrade flow or reduced reflux, 
draining into a perforating vein. This situation 
could be stable over years. If recurrent tributar-
ies appear or clinics are still present, the SPJ 
must be treated in a second step.

If both saphenous veins are refluxing in the 
same patient, a connection often develops 
between them through a connecting tributary 
(transversal N4), either the Giacomini vein or a 
distal tributary. For management, see Sect. 
6.11.6.

6.8  Management 
of Incompetent Saphenous 
Veins (N2)

The saphenous veins themselves are spared one 
of the most important targets of CHIVA.  Thus, 
they are touched as little as possible. Depending 
on the situation, the proximal escape point filling 
the saphenous vein is interrupted (see Sect. 
6.8.1), the escape point is interrupted (see Sect. 
6.8.2) or the saphenous vein itself is interrupted 
(see Sect. 6.8.3).

6.8.1  Management of Incompetent 
Saphenous Veins Without any 
Interruption

In case of reflux along the saphenous vein with-
out a draining perforating vein (RET positive), all 
the reflux of the saphenous vein will be drained 
into tributaries. An interruption of these refluxing 
tributaries N2 →  N3 will be followed by ante-
grade flow (see Sect. 6.4.1.1) or volume reduc-
tion with the need of further steps (see Sects. 
6.4.1.2–6.4.1.3 and 6.4.2).

Another situation, rarely found, is when the 
escape point is a perforating vein and not a junc-

Fig. 6.23 Possible recurrence from the proximal 
V.  Giacomini after distal interruption of the SSV.  With 
permission by [10]
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tion (see Fig. 6.28c). In this case, the flow in the 
saphenous vein can be corrected without touch-
ing the saphenous vein itself.

6.8.2  Interruption of the Escape 
Point

The interruption of the sapheno-femoral or 
sapheno-popliteal junction is the most frequent 
treatment in case of refluxing saphenous vein and 
has been explained in Sects. 6.5 and 6.7.

A refluxing perforating vein feeding the 
saphenous vein is also to be interrupted—this 
would be an interruption of the escape point, but 
without touching the saphenous vein, and has 
been explained in Sect. 6.8.1.

6.8.3  Interruption of the Saphenous 
Vein Along Its Course

An interruption of the saphenous vein itself apart 
from its junction is seldom performed. The vein 
regenerates very successfully once the reflux is 
eliminated. This regeneration is surely supported 
by the saphenous fascia, as well as the large num-
ber of muscle cells in the vein wall. The cosmetic 
outcome is also better if the tributary is ligated at 
its confluence with the saphenous vein, instead of 
ligating the saphenous vein and leaving the tribu-
taries to drain the reflux via a perforating vein.

The interruption of the saphenous trunk plays 
a role treating refluxes above and below the knee, 
especially in case of skin changes (see Sect. 
6.3.4.2). The interruption can only be performed 
if there is a draining perforating vein along the 
refluxing GSV.  Fractioning of the pressure col-
umn in the GSV will lessen the venous hyperten-
sion at the skin areas of the ankle leading to better 
regeneration after intervention.

Usually the interruption is best set below a 
knee perforating vein, where a large draining 
direct perforating vein is mostly found (Boyd 
or proximal paratibial perforating vein) (see 
Fig.  6.24). Note that in this case it is not the 
perforating vein that is interrupted but the GSV 
distal to the perforating vein. If the Boyd perfo-

rating vein would be interrupted instead, we 
would leave the long pressure column un-frac-
tioned and take drainage possibilities away 
from the system, both counteracting the CHIVA 
strategy.

This procedure is called “terminalising” a per-
forating vein: The vein was attached to a reflux-
ing segment and now has become the end of the 

NO!!

Fig. 6.24 Refluxive GSV with three perforating veins 
(blue lines along the refluxing segment of the GSV: thin 
line for thin perforating vein, thick line for large perforat-
ing vein and black circle as distal, draining or terminalis-
ing perforating vein). The first perforating vein, at the 
thigh, is too thin to drain the volume from the GSV. If the 
GSV was interrupted below this perforating vein (the 
position of the theoretical interruption is marked with an 
orange line), an undrained situation would be created in 
the proximal segment. The perforating vein below the 
knee has a large calibre (thick blue line). The GSV can be 
interrupted below it (green line) but only because distally 
to this point we find still a refluxing GSV and a third re- 
entry perforating vein (black circle), allowing the drain-
age of the GSV segment distal to the green ligation. With 
permission by [10]
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reflux in this segment: it finishes the reflux con-
ducting the blood from the proximal segment to 
the deep vein and thus “terminalises” the reflux.

6.9  Perforating Veins

The third pillar of the CHIVA strategy is main-
taining re-entry points: These re-entry points are 
usually distended perforating veins, which carry 
the reflux back to the deep veins and so complete 
the circuit in the varicose veins. As explained in 
Sects. 3.5 and 4.7, it is rare to find a perforating 
vein as a reflux source. Mostly they are draining 
pathways along the refluxing vein segment or 
they are at the end of the refluxing vein.

As a rule, a perforating vein should not be 
interrupted if:

• It has a flow towards the deep vein in diastole: 
it is a draining perforating vein.

• It has a flow towards the superficial vein in 
systole: it is the beginning of an open bypass-
ing shunt and is part of the drainage of the leg.

6.9.1  Perforating Veins as a Reflux 
Source

A perforating vein can be considered a reflux 
source, if it has a flow towards the superficial 
vein in diastole. Only these will be interrupted in 
CHIVA. The flow can be:

• N1 → N2 from the deep vein into a saphenous 
vein

• N1 → N3 from the deep vein into a tributary

The classical case of a refluxing perforating 
vein as reflux source for the saphenous vein 
(N1 → N2) is an incompetent perforating vein at 
the medial thigh feeding the GSV with refluxing 
(see Fig. 6.28c as an example). As a treatment, 
the interruption of the perforating vein is mostly 
recommended, though sometimes it is not neces-
sary, if the diameter is not too large.

Another more frequent situation is an incom-
petent perforating vein at the back or lateral 

aspect of the thigh filling a tributary (N1 → N3). 
In this case, the treatment of the perforating vein 
can be surgical with phlebectomy of the tributary 
or both could be treated with sclerotherapy, 
depending on the diameter.

6.9.2  Perforating Veins Along 
the Refluxing Segment

Perforating veins along a refluxing segment usu-
ally serve as drainage paths. Blood flow is from 
superficial to deep. So, they play the role of a re- 
entry for the shunt (N3 −  N1 or N2 −  N1). If 
there are several perforating veins, one of them is 
the last one in the row, and the others are “inter-
mediate”, because there is reflux in the drained 
way above and below the perforating vein. In 
these “intermediate” perforating veins, it is 
 possible to apply an interruption of the superfi-
cial vein (N2 or N3) below the perforating vein 
(see Fig. 6.24). This procedure is called “termi-
nalisation”. The perforating vein then is the end 
of the refluxing segment, draining the refluxing 
blood to the deep venous system thus interrupting 
the pressure column. Terminalisation refers to the 
fact that this perforating vein is converted from a 
perforating vein along the refluxing segment into 
the end of the refluxing segment.

For a perforating vein to be used as part of 
the CHIVA strategy, its calibre must always 
be sufficient to drain the refluxing blood, 
which flows from the superficial vein to the 
perforating vein (see Fig. 6.24).

Rule of Thumb: The diameter of the 
perforating vein must be at least half that of 
the vein to be drained.

Examples:

 1. Refluxive GSV, diameter 9  mm. 
Perforating vein of the adductor canal 
(formerly Dodd), diameter 2  mm: It 
cannot be considered as part of the 
 strategy; therefore the GSV must not be 
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The further distal the perforating vein is in the 
leg, the less likely it is to be a reflux source. If 
there is any doubt, decisions over the treatment of 
perforating veins should always be deferred to 
the post-operative examination. The patient often 
understands that the treatment is performed in 
two steps: First interruption of the primary reflux 

source and later, perhaps, a further interruption of 
a tributary or saphenous vein distal to a perforat-
ing vein, or an interruption of the perforating vein 
itself, if it has become refluxing.

This is sometimes the case when a refluxing 
SFJ and a large perforating vein in the adductor 
canal are found (see Fig. 6.25). In the first inves-
tigation, reflux from SFJ fills the GSV, the pres-
sure columns of GSV and deep vein are 
competitive, and as in the femoral vein the valves 
are competent, we observe an inward flow 
through the perforating vein. After interruption of 
the SFJ, the pressure column in the superficial 
vein is reduced, and the flow through the perfo-
rating vein reverts and becomes clearly refluxing. 
In that case an interruption of the perforating vein 
in a second intervention is necessary.

Another aspect to take into consideration if we 
find several perforating veins along a tributary or 
a saphenous vein is the distance between them. If 
they are at a long distance with a large pressure 
column, the interruption below the “intermedi-
ate” perforating vein is a good option (see 
Fig.  6.26a). If they are close together and the 

a b

Fig. 6.25 (a) Reflux N1 → N2 at the SFJ with in and out-
flow over a proximal thigh perforating vein. Drainage from 
the GSV into the deep vein through a below knee perforat-
ing vein (N2 −  N1) as well as through a tributary. (b) 
Treatment with crossotomy and tributary disconnection 
(green lines). The interruption of the thigh perforating vein 

deserves a large scar and so it is possible to wait and see 
the behaviour after some months. In this case, the flow has 
become obviously outward, filling the GSV and draining 
through the below knee perforating vein; thus the proximal 
now refluxing perforating vein can be disconnected in a 
second step (not shown). With permission by [10]

interrupted below this perforating vein 
(see Fig. 6.24 orange line).

 2. Refluxive GSV, diameter 9  mm. 
Perforating vein below the knee, diam-
eter 6 mm: The GSV can be interrupted 
distal to the perforating vein (see 
Fig. 6.24 green interruption).

If the lumen of the drainage route (here the 
perforating vein) does not bear the correct 
relation to the lumen of the vessel to be 
drained (here the proximal GSV), throm-
bosis may occur in the GSV as the conse-
quence of an undrained situation.
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 distance between the “intermediate” perforating 
vein and the last draining perforating vein is very 
short, the interruption is not worth the scar, 
because we are just leaving a very short seg-
ment—this would only make sense, if we are 
dealing with an ulceration or severe skin 
changes—and then only in a second step situa-
tion, after skin has partially recovered in conse-
quence of the interruption of the primary reflux 
source (see Fig.  6.26b). These explanations are 
true for N2 and N3 vessels drained by perforating 
veins.

6.9.3  Perforating Veins at the End 
of the Refluxing Segment

Most of the time at the end of a shunt, we find a 
perforating vein, draining either a refluxing 
saphenous vein or a tributary. This one should 
never be interrupted. It is the drainage of the 
reflux, and most often it is also the drainage of 

the distal vessel, which is not affected by the 
recirculation, especially in case of a GSV reflux 
(see Fig. 6.26b).

6.10  Management of Tributaries

Tributaries are all the superficial veins running 
in the subcutaneous tissue. When they become 
incompetent, they get enlarged and meander-
ing. Physiologically they play the role of the 
superficial venous reservoir which seems to 
trigger a progression of varicose disease in 
case of dilated veins. Tributaries are the media-
tors of the pathological volume overload and 
provoke skin changes and proliferate to cope 
with the pressure (see Sects. 2.2.2 and 2.5). 
And they are responsible for the cosmetic com-
plaints. In case of little disease, the treatment 
of tributaries can restore the flow in the saphe-
nous veins (shunt type 5, Sect. 6.4.1.1 and 
ASVAL, Chap. 12).

a b

No!!

Perh.
later 

Fig. 6.26 (a) Recirculation N1 →  N2 −  N1 with two 
well-separated draining perforating veins. The treatment 
is the interruption at the SFJ (green line), and it can be 
added by an interruption below the proximal perforating 
vein (green line). (b) Recirculation N1 → N2 − N1 with 
two draining perforating veins that are close together: 
interruption at the SFJ only (green line). Just in case the 
skin should be severely damaged and does not recover 

properly after the SFJ interruption, the interruption below 
the proximal perforating vein will improve the situation 
(light green line). Cave: Never interrupt below the lowest 
draining perforating vein (orange line); otherwise the dis-
tal antegrade draining GSV will lose its drainage, which 
also is through this perforating vein. These explanations 
apply also to perforating veins along refluxing tributaries. 
With permission by [10]
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If only tributaries (N3) are refluxing, without 
N2 reflux, the disease is little. We find this in the 
following situations:

• N2 → N3 − N2/N1 (no reflux from the deep 
vein): The treatment is the interruption or 
sclerotherapy of the tributary until the junc-
tion with the saphenous vein (see Sect. 
6.11.2).

• N1 →  N3 −  N1: The tributary is fed by a 
perforating vein, which has to be inter-
rupted. Most often this can be done with a 
foam sclerotherapy, alternatively with a sur-
gical interruption (see Sects. 6.9.1 and 
6.11.5).

6.10.1  Management of N2 − N3 
Jump in Case of Positive RET

The reflux elimination test “RET” was designed 
to examine the drainage paths of the refluxing 
saphenous vein. It is described in Sect. 3.8.9. 
In case the RET is positive, this means that on 
the saphenous vein, there is no draining perfo-
rating vein. Interrupting the N2  →  N3 jump 
will be the final treatment, if the terminal valve 
is competent, resulting in 97% of competent 
GSV after 3 years. In case of incompetent ter-
minal valve, GSV competence will still be 
achieved in 29% of cases [13]. As described in 
Sect. 6.4, the further evolution can be challeng-
ing, for the surgeon and for the patient’s 
patience.

6.10.2  Management of N2 − N3 
Jump in Case of Negative RET

A negative RET tells us that on the saphenous 
vein filling the tributary, we find other draining 
paths—this can be a perforating vein or another 
tributary or both.

In case of a draining perforating vein, we can 
interrupt the junction and all the present refluxing 
tributaries, knowing that the saphenous vein will 

be drained. This is the optimum situation for a 
long-lasting, stable CHIVA result.

6.10.3  Management of Refluxing 
Tributaries Along Their Course 
(N3)

The treatment of tributaries is often the most 
important step from the point of view of the 
patient. The fourth column of CHIVA explicitly 
includes tributary exhairesis in case of poor 
drainage. The combination of CHIVA 1 or 2  in 
the saphenous trunk with simultaneous phlebec-
tomy of all the tributaries offers the possibility of 
proceeding to achieve quick cosmetic results 
whilst preserving the saphenous vein.

Tributaries may be removed, but this is not 
inevitable. With tributaries, it is true to a certain 
extent that the thicker the vein, the more likely it 
is to regenerate. But if the diameter is clearly 
greater than 1  cm, or the tributary has already 
presented thrombosis, there is a greater probabil-
ity of poor venous retraction or thrombosis devel-
oping after the intervention.

A more important criterion for the removal of 
tributaries is the flow that they carry. If the retro-
grade flow is fast and of short duration, which 
means that they are well-drained, they will in all 
probability regenerate quickly and without 
thrombosis. If the retrograde flow is long-lasting 
and the curve relatively flat, the vein is poorly 
drained and may be removed.

After performing CHIVA with the main focus 
on the saphenous veins, the tributaries may 
reduce their calibre making no more treatment 
necessary because they have disappeared to the 
rough eye observation or because the patient has 
no high cosmetic demands. This is especially true 
for large recirculation volumes with distal skin 
changes in elderly patients. Sometimes it is obvi-
ous that the tributaries meander through long seg-
ments and have lots of divisions, or run specially 
near under the skin, which makes a calibre reduc-
tion leading to a macroscopic disappearance 
improbable. In these cases, interruption has 
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always to be considered at a point where tributar-
ies branch.

The following possibilities of interruption at 
branching points exist:

• Same calibre of vessels, both courses of equal 
length: The tributary causing the bigger cos-
metic problem is interrupted.

• Same calibre of vessels, courses of different 
lengths: One branch soon runs into a perforat-
ing vein, the other after a longer distance—
interruption of the longer branch (see 
Fig. 6.27, green line). This keeps the pressure 
column as short as possible.

• Unequal calibre, but the thinner vessel is still 
able to drain the proximal section if the other 
tributary is closed by compression in ultrasound 
(see Fig. 6.2): interruption of the larger vessel.

• Unequal calibre: The thinner vessel is not suf-
ficient to drain the larger—ligation of the 
smaller vessel, if any.

It may be said that tributaries can always be 
interrupted below a branch point or perforating 
vein, so long as the calibre of the branch or perfo-
rating vein is sufficient to drain the reflux coming 
from proximal on its own (see examples on 
Fig.  6.27). And the decision to treat tributaries 
can always be postposed to the control visit, as 
often then less tributaries will be treated than 
planned in the first session.

6.11  Management According 
to the Shunt Type

6.11.1  Shunt Type 1

Remember: N1 →  N2 −  N1 (Fig.  6.3 left and 
Fig. 6.28)

Recirculation from the deep vein (N1) into 
the great or small saphenous vein (N2). A dis-
tended perforating vein carries the recirculation 
volume directly out of the affected saphenous 
vein into the deep vein system (black circle on 
the vein).

a

b c

N2 N1 N2

N3

Fig. 6.27 (a) Refluxive N3 tributary filled by competent 
GSV: no branching, no perforating veins apart from the 
last one (black circle). The interruption will be made at the 
level of the junction between the tributary and the GSV 
(green line). No possible interruption along the tributary. 
(b) Same situation than in (a), only the tributary is shown. 
There are three perforating veins along the tributary, and 
so the tributary can be interrupted below both tributaries 
on its course, as shown. The last tributary is the re-entry 
for the last segment. No interruption has to be performed 
here. Please note that the interruption will be performed 
on the tributary, not on the perforating vein. (c) Branching 
with different length of segments: interruption of the lon-
ger tributary to achieve the best cosmetic result. The inter-
ruption has to be performed next to the branching point, 
without leaving blind sacks to avoid thrombosis. With 
permission by [10]
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The principal recirculation runs: Deep–
Saphenous–Deep, with no intermediate tributary. 
One or more tributaries may be involved in the 
recirculation. Then, this shunt type is also called 
type 1 + 2 (see Fig. 6.28a).

The strategic decision will depend on where 
the reflux source is and how many re-entry points 
there are. The following possibilities exist, 
depending on the reflux source:

• Highest reflux source is the sapheno- 
femoral or sapheno-popliteal junction:
Always treat the saphenous junction (see 
Fig. 6.28b)

• Highest reflux source is a perforating vein:
• Interruption of the perforating vein (which is 

very seldom in CHIVA, as a perforating vein 
is very seldom the reflux source!) (see 
Fig. 6.28c)

The following possibilities exist, depending 
on the re-entry points:

• One perforating vein and no tributaries
Interruption of the highest reflux source only

• Several perforating veins and no tributary
Interruption of the highest reflux source and 
the refluxing saphenous vein below the perfo-

a b

c d

Fig. 6.28 (a) Shunt type 1 with tributary or shunt type 
1 + 2. (b) Interruption of the tributary and the junction 
in presence of a well-draining perforating vein. (c) 
Competent SFJ, reflux into the GSV through a thigh 
perforating vein (N1 −  N2) with drainage through a 
perforating vein at the GSV below the knee and 
through a refluxing tributary. Interruption of the perfo-

rating vein and the tributary: Attention the GSV is not 
interrupted!! (d) Refluxive GSV with refluxing tribu-
tary. There is a good perforating vein on the tributary 
just after its confluence with the saphenous trunk. 
Interrupt at the green lines if a reduction in the pres-
sure column in the distal GSV is to be achieved. With 
permission by [10]
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rating vein (see Figs. 6.24 and 6.26 and Sect. 
6.9.2). The saphenous trunk must never be 
interrupted below the most distal perforating 
vein, as this eliminates the drainage from the 
healthy distal saphenous vein (see Fig. 6.26b 
orange line). There are no haemodynamic 
benefits for the GSV in dividing the pressure 
column by creating short segments.

• One perforating vein and one or several 
tributaries
If the perforating vein presents with a large 
calibre, the highest reflux source and all the 
incompetent tributaries are interrupted close 
to the saphenous vein. If the calibre of the per-
forating vein is not very large but is draining 
the saphenous vein, the situation may be 
treated as a shunt type 3: in other words, 
applying CHIVA 2. First only the tributaries 
will be interrupted with flush ligation at the 
saphenous vein. At the post-operative exami-
nation, the junction will still be refluxing and 
the saphenous vein calibre lessened. The per-
forating vein will have adapted its calibre to 
cope with the remaining reflux from the junc-
tion. The second step of CHIVA 2 will then be 
the interruption of the junction.
Alternatively, the SFJ can be interrupted, leav-
ing one tributary untreated so that it serves to 
drain the saphenous vein in addition to the 
perforating vein. If it is found in the post- 
operative examination that the calibre of the 
saphenous vein has diminished, then the last 
incompetent tributary can be treated. In this 
situation (thin calibre perforating vein), a sec-
ond operation is very often needed also in 
shunt type 1, regardless of what treatment is 
used, if a superficial thrombosis shall be 
avoided.

• Several perforating veins and several 
tributaries
This may be assumed as a situation with good 
drainage of the saphenous vein as there is 
more than one perforating vein on the saphe-
nous vein. The junction and all tributaries can 
be interrupted, and if appropriate, the saphe-
nous vein can be disconnected below a perfo-
rating vein to fractionate the pressure 
column.

• Perforating vein on a tributary close to the 
saphenous trunk

• This condition often occurs at the thigh. Treat 
the SFJ and other tributaries as usual. In case 
of dilated perforating vein on the tributary 
(see Fig.  6.28d): interruption of the saphe-
nous vein below the confluence with the trib-
utary (which then drains the blood from the 
saphenous trunk into the very short segment 
of the tributary and then into the perforating 
vein) and interruption of the tributary distal 
of the perforating vein. Afterwards the proxi-
mal saphenous vein is drained through the 
perforating vein situated on the tributary. 
Neither the tributary nor the distal saphenous 
vein is connected any more to the proximal 
reflux source. In case no fractioning of the 
pressure column of the GSV is wished, the 
tributary is disconnected at the saphenous 
vein and the perforating vein is interrupted, 
to avoid feeding of the distal tributary (no 
image).

6.11.2  Shunt Type 2

Remember: N2 → N3 − N2/1
Recirculation from a (healthy) saphenous vein 

into a refluxing tributary (see Fig. 6.29).
The calibre of these refluxing tributaries is 

not very large, since the recirculation volume 
cannot be very great if no deep veins are 
involved. In shunt type 2, only blood from the 
superficial vein system can be part of the incom-
petence, by definition. As a rule, treatment by 
interruption of the highest reflux source is 
enough. That means interruption at the level of 
the confluence between tributary and saphenous 
vein. In some cases, additional interruptions 
need to be done at other branching points of the 
refluxing tributaries to other junctions (see Sect. 
6.10.3).

Alternatively, an isolated mini-phlebectomy 
of the refluxing tributary (N3) can be performed. 
The saphenous trunk is not harmed, which is a 
principal object of CHIVA. A third option is the 
application of sclerotherapy to the tributary with-
out any surgery in an attempt to abolish reflux. 
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This is the easiest option for sure. But it has the 
risk of damaging the saphenous trunk by foam 
propagation if not properly done (see Sect. 7.12).

6.11.3  Shunt Type 3

Remember: N1 → N2 → N3 − (N2) − N1.
Recirculation from the deep veins into one of 

the saphenous veins and then through one or 
more tributaries back into the deep vein system. 
There is no distended perforating vein on the 
saphenous vein which could act as drainage 
between the reflux source and the first competent 
segment of the GSV further down (see Fig. 6.30). 
This is the commonest form of recirculation 
together with the shunt type 1.

The highest reflux source is the junction or, very 
rarely, a perforating vein filling the saphenous vein 
directly. The treatment is described in detail in 
Sect. 6.4.1. The fact that it cannot be treated leaving 
a stable, drained situation in one session without 
devalvulation (see Sect. 6.4.2) makes this shunt the 
more complex to understand or deal with.

As with shunt type 1, this strategy depends on 
the source and re-entry point of the reflux. 

6.11.3.1  Shunt Type 3 
with the Highest Reflux 
Source in a Junction

During the preoperative duplex ultrasound, be 
sure to document the flow profile in PW in the 
saphenous vein and its diameter. Apply the first 
surgical step: interruption with flush ligation of 
all refluxing tributaries where they join the saphe-
nous vein (first step of CHIVA 2).

Follow-up with duplex after at least 6 weeks:

• Proximal saphenous vein is competent: 
Follow- up in further 6–12 months

• Proximal saphenous vein with diminished 
reflux (PW record is less than preoperatively or 
reflux appears only in the Valsalva manoeuvre 
and not in dynamic provocation manoeuvers) 
and the patient has no cosmetic complaints: 
Tell the patient to come back in 6 months or 
earlier if varices reappear or in the event of dis-
tress. In case of progression, see next step.

• If the reflux is unchanged to the preopera-
tive situation (which occurs if a perforating 
vein opens, or a new tributary or bypass 
round the ligation forms), the junction must 
be treated.

a b c

Fig. 6.29 Different forms of shunt type 2. (a) Closed 
shunt type 2  N2 →  N3 (=N4L) −  N2. Remember: N4 
stands for N3 connecting two saphenous veins, in this 
case the same, thus “L” for longitudinal. (b) Open devi-
ated shunt type 2: N2 →  N3 (=N4T) −  (different) N2. 

Remember: N4 means N3 connecting two saphenous 
veins, in this case different ones, thus “T” for transversal. 
(c) Open deviated shunt type 2: N2 → N3 − N1. All three 
cases would be treated with interruption at the reflux start 
(green star) (N2 N3– ). With permission by [10]
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6.11.3.2  Shunt Type 3 
with the Highest Reflux 
Source Is a Perforating Vein

This is a rare condition, mainly through a perfo-
rating vein at the thigh. Usual procedure at shunt 
type 3.

• In case of little reflux and small perforating 
vein: flush ligation of the CHIVA 2 point only 

and control of perforating vein at follow-up. 
Only if there is still a reflux in the perforating 
vein and a new tributary has developed, per-
form the interruption of the perforating vein in 
the second step.

• In case of large reflux amounts and dilated per-
forating vein, perform flush ligation of the trib-
utary and interruption of the perforating vein in 
the first session, but never touch the GSV itself.

a b

c d

Fig. 6.30 Shunt type 3 with different draining pathways. 
The black star marks the point, where the first step of 
CHIVA 2 would be performed, the so-called CHIVA 2 
Point. (a) Shunt type 3: N1 → N2 → N3 − N1. (b) Shunt 
type 3: N1 → N2 → N3 (=N4 L) − N2 − N1. (c) Shunt 

type 3: N1 → N2 → N3 (=N4 T) − N2 − N1. (d) Shunt 
type 3: N1 → N2 → N3 (=N4 L) − N2 → N3 − N1 (N4 L 
means N3 connecting the same saphenous vein, longitudi-
nally; N4  T means N3 connecting different saphenous 
veins, transversally). With permission by [10]
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6.11.3.3  Management in Case 
of Aplastic Segments of GSV

Sometimes the GSV itself has aplastic segments 
with a superficial accessory longitudinal vein act-
ing as a bypass (see Sect. 4.5.1). In case of reflux 
and in the absence of a functional interfascial 
saphenous trunk, this accessory vein may be seen 
as a “functional saphenous vein” (Fig. 6.31), and 
a CHIVA 2 procedure may be applied. However, 
the regeneration rate after CHIVA 2  in the 
author’s experience is not so good. Depending on 
the diameter of the proximal saphenous vein, an 
interruption at the junction in the first session 
may be the better option for dilated veins.

6.11.3.4  Management Depending 
on the Drainage Pathways

The “CHIVA 2 point” is always interrupted at the 
saphenous vein; only subsequent drainage vari-
ants are discussed here:

• Drainage through a tributary with re-entry 
into a perforating vein: Interruption at the 
CHIVA 2 point is sufficient (Fig. 6.32a).

• Drainage through several tributaries (not 
shown): Every tributary must be interrupted at 
its junction with the saphenous vein.

• Drainage through a tributary which drains 
back into the distal GSV: The distal GSV is 
refluxing and drains into a perforating vein. 
The segment between both refluxing segments 
of GSV is competent. Interruption at the 
CHIVA 2 point is sufficient. After this inter-
ruption, the distal GSV should no longer be 
filled in retrograde flow, allowing it to regen-
erate (Fig. 6.32b).

• Drainage as before, with a new draining 
tributary for the distal segment of GSV: 
Both refluxing junctions with flow from the 
saphenous vein into the refluxing tributary are 
treated as CHIVA 2 points (see Fig. 6.32c).

The small saphenous vein (SSV) in the 
authors’ experience reacts particularly well to the 
CHIVA 2 procedure (which is a different experi-
ence as compared to other groups). Unfortunately, 
no CHIVA 2 results on SSV are published so far.

6.11.3.5  Shunt Type 3 in Combination 
with Shunt Type 1

Sometimes a combination of shunt types 1 and 3 
can be found in the same recirculation: in the 
upper part, we find a shunt type 1 with a perfo-
rating vein on the saphenous vein; but, below the 
perforating vein, the blood drainage corresponds 
to shunt type 3 (see Fig.  6.33). The saphenous 
vein is still refluxing distally to the perforating 
vein and drains then through a tributary. If a liga-
tion of the GSV below the perforating vein is 
performed, as shunt type 1 procedure expects, 
the tributary is obliged to serve as drainage for 
the distal, antegrade section of the GSV.  This 
will not produce a good cosmetic outcome. The 
upper section should therefore be treated as 
shunt type 1 with interruption of the SFJ.  The 
section below the perforating vein should be 
treated as shunt type 3, using CHIVA 2: The trib-
utary must be interrupted with a flush ligation at 
the GSV.

Fascia

Aplastic GSV

Fig. 6.31 Shunt type 3 with an aplastic segment of the 
GSV and bypass via a superficial rectilineous accessory 
vein, draining the reflux into a tributary. The distal GSV is 
competent, no drainage through a perforating vein from 
the GSV itself. Interruption at the origin of the tributary 
leaving the rectilineous bypass of the GSV is a treatment 
option. With permission by [10]
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6.11.3.6  Examples of Shunt Type 3 Cases
As shunt type 3 and CHIVA 2 are the most revo-
lutionary innovations to replace stripping, some 
examples are explained in the figure legends 
(Figs. 6.34, 6.35, 6.36, and 6.37).

A problem when starting with CHIVA 2 is that 
many doctors do not like to tell patients that they 
may have to return in some months for a junction 
operation, in other words, that they still may have 
the most serious part of the operation ahead of 

a b c

Fig. 6.32 Treatment options for the first step of CHIVA 2 in 
shunt type 3. (a) One draining tributary—interruption of the 
draining vessel at its junction with the saphenous vein. 
N1 N2 N3 – N1–  (b) One draining tributary, which 
itself drains back to the distal GSV and there into a perforat-

ing vein. Treatment as a). N1 N2 N3 – N2 – N1–  (c) 
One draining tributary, draining back into the distal GSV and 
there again into a draining tributary and a perforating vein. 
N1 N2 N3 – N2 –– N3 N1– . With permission by [10]

a b

Fig. 6.33 (a) Shunt types 1 and 3: The proximal recircu-
lation is a shunt type 1 with refluxing SFJ and draining 
perforating vein on the GSV (N1 → N2 − N1). The GSV 
continues to be refluxing downwards, draining through a 
tributary a perforating vein (N1  →  N2  →  N3  −  N1). 
N1 N2 – N1

N2 N3 – N1

 (b) The treatment option is the 

interruption of the junction and of the tributary; the flow 
in the distal GSV will get reverted and drain into the per-
forating vein. –

–

N1 N2 – N1

N2 N3 – N1

. With permission 

by [10]
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a b

c d

Fig. 6.34 (a) Top left (12.11.2001) 
preoperative photograph: shunt type 3 
with flow pattern as in Fig. 6.32a. (b) 
Bottom left: Preoperative image of the 
foot. (c) Top right post-operative 
control (10.01.2002): After exposure 
of the GSV at the thigh with 
disconnection of the tributary as the 
only treatment. SFJ is competent in 
post- operative examination; tributary 
has reduced its calibre and is no longer 
visible. (d) Bottom right: Post-
operative image of the foot. This 
post-operative situation was still stable 
at the follow-up 15 years later. With 
permission by [10]

a b

Fig. 6.35 (a) 02.10.2001: Preoperative photograph—shunt 
type 3 with flow pattern as in Fig.  6.32a. (b) 11.12.2001: 
Follow-up 9  weeks after exposure of the GSV in the calf 
(scar visible under the green line, above the mark 3/2) and 
ligation of a tributary further distal. Cosmetic result: less 
veins but still visible. Duplex result: The SFJ was (less) 
incompetent in the post-operative examination, with new 

reflux through tributary above the previous CHIVA 2 point. 
The patient wanted a second attempt with interruption of the 
new CHIVA 2 point and not an interruption of the junction, 
so we proceeded as drawn: Exposure of the newly formed 
CHIVA 2 point and interruption of another tributary. (Not 
shown: Finally, the SFJ had to be interrupted, because always 
new tributaries were formed). With permission by [10]
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them and that in the meantime there may be no 
cosmetic improvement.

In Germany, where the doctor is payed per 
procedure, the dissociated technique (CHIVA 2 
with two steps) was not a problem at all. If the 
patient is properly informed that he is going to 
have a very little surgery, touching only a tribu-
tary, which might resolve the problem with his 
saphenous vein in approximately 30% of cases, 
normally the patient will accept the idea. It is 
most often not a problem of the patient but of the 

surgeon, who is used to “resolve” things in one 
session.

A consensus of 21 CHIVA-applying doc-
tors in Germany found out that, in case of 
shunt type 3 with reflux in GSV ending above-
knee, all of them performed the first step of 
CHIVA 2, because it is highly probable to 
have a stable anterograde flow situation, and 
this is just the most important achievement of 
the technique to allow a refluxing GSV to 
revert to antegrade flow again [19].

a

c

b

d

Fig. 6.36 (a) Shunt 
type 3 of the GSV with 
drainage of the tributary 
through a competent 
small saphenous vein 
and a connection to the 
competent thigh 
extension of the SSV. 
(b) 09.11.2001: 
Preoperative 
photograph. (c) Flow 
scheme after interruption 
of the tributary at the 
junction with the GSV 
and after branching and 
draining into the thigh 
extension of the 
SSV. Competent SFJ, 
calibre reduction in the 
tributary. (d) 08.01.2002 
Photograph at control 
after flush ligation of the 
tributary (yellow arrow) 
and further interruption 
of the tributary above 
the knee crease (blue 
arrow) as the only 
measures. Cosmetic 
disappearance of the 
tributary without 
phlebectomy. With 
permission by [10]
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6.11.4  Shunt Types 4 and 5

As the strategy in case of shunts 4 and 5 have some 
common points, they will be described together.

Shunt type 4:
Remember: Pelvine shunt type 4: P → N3 −  
N2 − N1
Perforating vein shunt type 4: N1 → N3 −  
N2 − N1

Recirculation in the saphenous vein with origin 
not directly from the deep venous system, but 
through a tributary, which may conduct reflux 
from pelvine vessels (Pelvine shunt type 4) or 
from perforating veins (perforating vein shunt 
type 4). Drainage directly from the saphenous 
vein to the deep vein via perforating vein analo-
gous to drainage in shunt type 1 (Fig. 6.38).

Shunt type 5:
Remember: Pelvine shunt type 4: P → 
N3 − N2 →  N3 − N1
Perforating vein shunt type 4:  
N1 → N3 − N2 → N3 − N1

Recirculation in the saphenous vein with origin 
as shunt type 5. Drainage from the saphenous 

vein to the deep vein via a tributary. No dilated 
perforating vein on the saphenous vein, analo-
gous to drainage in shunt type 3.

Variations of these shunt types are described 
in Chap. 3 (Fig. 6.39).

Following the CHIVA methodology, the cor-
rect procedure would be to interrupt the reflux 
source. In case of a perforating vein reflux, this is 
easy to perform by interruption of the perforating 
vein (shunts 4 and 5); see Sect. 6.9.1.

In case of pelvic reflux, the reflux source will 
never be touched within the leg. Even an inter-
ruption of the pelvic tributary in the groin with 
phlebectomy as far as you may go through the 
groin incision will not reach the proximal reflux 
point.

Franceschi and Bahnini first described the 
interruption at the P point (perineal reflux) 
and the I point (inguinal reflux) which was 
later elaborated by Delfratre, described in 
Chap. 8.

If the pelvic reflux source shows as a net of 
tributaries emerging from the labia or visible at 
the inner part of the proximal thigh or a long epi-
gastric vein visible on the skin proximal to the 
inguinal ligament, then it might be enough to 
treat this net with sclerotherapy to reduce the 
proximal reflux in the same session as the distal 
tributary interruption.

a bFig. 6.37 (a) 
22.11.2001 Preoperative 
photograph: shunt type 3 
with flow pattern as in 
Fig. 6.32c, which is also 
shown on the left border 
of the picture. (b) 
29.01.2002: Follow-up 
after exposure of the 
GSV in the thigh and 
lower leg with 
disconnection of the 
tributaries as the only 
measures. The SFJ is 
competent in post- 
operative examination. 
With permission by [10]
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In case the sclerotherapy is not feasible and no 
surgeon with experience in interrupting pelvic leak-
age points is available, this supra-inguinal reflux 
will be always a source of recidives, independently 
of the technique applied. In the eyes of the author, 
the treatment of the GSV distal to the confluence of 
the refluxing pelvic branches with endoluminal 
thermal ablation of some centimetres may be one 
option and is being investigated. It would allow a 
drainage of the pelvic reflux to the deep veins 
through the junction, perhaps avoiding the natural 
evolution to new varicose veins in the groin or via 
inner, dorsal or ventral aspect of the thigh.

Sometimes not treating the junction in case of 
little reflux drained via a perforating vein (shunt 
type 4; see Fig.  6.17b) is an option: The little 
reflux might take years to develop, whilst the 
recidives after interruption often develop to both-
ering tributaries on the proximal thigh after some 
months. In any case, the patient must be informed 
that the highest reflux source is pelvic and will 
not be treated in this case.

Treatment of tributaries: In both cases 
(shunt types 4 and 5), the tributaries will always 
be disconnected from the saphenous veins as 
described for shunt types 1 and 3, respectively.

a b

Fig. 6.38 Shunt type 4 is defined by the drainage from the 
GSV through a perforating vein on the GSV (mandatory). 
Additionally, there can be a drainage through a tributary. 

(a) Pelvic shunt type 4. (b) Perforating vein shunt type 4. 
With permission by [10]

a b

Fig. 6.39 Shunt type 5: It is defined by no draining perforating vein on the GSV. Reflux drains via a tributary. (a) Pelvic 
shunt type 5. (b) Perforating vein shunt type 5. With permission by [10]
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6.11.4.1  Perforating Vein Shunt 
Type 4

 (a) No distal tributaries present (Fig. 6.40a):
Interruption of the refluxing perforating vein

 (b) Tributaries present (Fig. 6.40b):
Interruption of the refluxing perforating vein 
and distal tributaries. The refluxive tributar-
ies can be interrupted in any case and inde-
pendently of the drainage capacity of the 
draining saphenous vein perforator, because 
saphenous vein can also be drained through 
its untouched and antegrade junction.

6.11.4.2  Pelvic Shunt Type 4
 (a) No distal tributaries present (see Fig. 6.41a): 

Prior to any treatment, it has to be consid-
ered, if a treatment is necessary. This is a 
typical case of a “stable” reflux. It exists, but 
normally it does not harm the patient (no cos-
metic complaints because no tributaries are 
visible, normally no pain as the reflux amount 
is not too large). If a decision to treat the vein 
was made, interruption of the pelvic reflux 
must be performed (sclerotherapy, interrup-
tion of leakage point, closure of the GSV dis-
tal to the preterminal valve with endoluminal 
heat).

 (b) Distal tributaries present (see Fig. 6.41b): In 
case of little amount of reflux, perform 
 interruption of the tributaries to meet cos-
metic exigencies. If reflux in saphenous vein 

is little (e.g. diameter of saphenous vein at 
proximal thigh less than 4–6 mm), an inter-
ruption of the tributary might be enough to 
achieve a stable situation without touching 
the proximal source. The result after inter-
ruption only of the tributary in Fig.  6.41b 
will be shown in Fig. 6.41a (prior to treating 
the pelvine reflux). With little reflux, this 
situation can keep stable over years. In case 
of large amounts of reflux, an interruption of 
the pelvic reflux with all its variant forms and 
their limitations as described above will be 
necessary, as well as the interruption of the 
tributary.

6.11.4.3  Perforating Vein Shunt 
Type 5

In this situation, the treatment is very easy: inter-
ruption of the refluxing perforating vein and 
interruption of the refluxing tributary or tributar-
ies with flush ligation (see Fig. 6.42).

6.11.4.4  Pelvic Shunt Type 5
This is the perfect situation to apply CHIVA 2 
tactic.

First step: Interruption of the refluxing tributary 
(Fig. 6.43a). In case of subfascial net of pelvic 
tributaries emerging from the labia or visible 
at the medial aspect of the proximal thigh (see 
above), a sclerotherapy of these tributaries 

a b

Fig. 6.40 Shunt type 4 perforating vein without tributary (a) and with tributary (b). The perforating vein has to be 
treated with subfascial closure (green rectangle), the tributary only if present. With permission by [10]
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may be done in the same session with the trib-
utary disconnection.

Second step: Follow-up after 8  weeks to some 
months with two possibilities:
• In 97% of cases, saphenous vein has no 

reflux (see Fig. 6.43b):
Refluxive pelvic tributary drains through 
the junction to the deep vein. No need of 
further interruption. Follow-up after 6 and 
12 months just to make sure the saphenous 
vein does not develop a new reflux fed by 
the pelvic tributary.

• Saphenous vein has reflux (3%; see Sects. 
6.4.1.2–6.4.1.3). Reflux in saphenous trunk 
after tributary disconnection is only possi-
ble, if a new draining point has opened. 
There are two options:
 – Drainage through a new refluxing tribu-

tary proximal or distal from the inter-
ruption point. We find again a pelvic 
shunt type 5. The tributary could be dis-
connected again. However, our experi-
ence teaches that in almost all the 
situations, the reflux from the groin will 

a b

Fig. 6.41 Shunt type 4 with pelvine reflux without addi-
tional refluxing tributary (a) and with additional refluxive 
tributary (b). (a) Consider not to treat anything or deal 
with the pelvine reflux (see text), represented with a green 
and white lined circle. (b) Consider interrupting only the 

connection between tributary and GSV (green line) and 
treat the pelvine reflux (green and white lined circle) only 
if clinics make this step necessary due to large amounts of 
reflux. With permission by [10]

a b

Fig. 6.42 Shunt type 5 perforating vein: (a) Interruption of the perforating vein (green rectangle) and the tributary. (b) 
In almost all cases, antegrade flow in GSV. With permission by [10]
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reappear, so it is the best to treat the pel-
vic reflux with one of the options as 
described above.

 – Drainage through a perforating vein on 
the saphenous vein. In this case we have 
a pelvic shunt type 4. Further treatment 
is described there.

6.11.5  Shunt Type 6

Remember: This is a conglomeration of all reflux 
situations not covered by shunt types 1–5. The 
saphenous vein is not involved in the recircula-
tion. It is mostly the situation with a reflux emerg-
ing from perforating veins or pelvic reflux that 
feed tributaries without saphenous vein involve-
ment in the reflux.

The treatment depends on the extension of the 
disease. Often the cosmetic bothering veins are 
so tiny that a sclerotherapy is sufficient, even to 
treat the refluxing perforating vein.

Following the CHIVA principles, the reflux 
source should be interrupted: disconnection of 
the perforating vein or interruption of the pelvic 
leak point. The visible tributaries at the leg may 
be left in situ waiting if they reduce after 
 interruption of the reflux source. If the cosmetics 
are the principal reason for the patient to ask for 
a treatment, the tributaries may be treated by 

sclerotherapy, phlebectomy or interruptions at 
branching points.

6.11.6  Shunt Involving Both 
Saphenous Veins

Sometimes patients present with reflux in both 
saphenous veins of one leg. Mostly these refluxes 
are interconnected. It is very seldom to find inde-
pendent refluxes affecting both superficial collec-
tors. In this case, they have to be treated isolately 
considering each as one recirculation circuit.

Often, especially in persons after sports with 
trauma on the calf, different muscle perforating 
veins with reflux feeding superficial N3 vessels 
independently are found. This is another situation 
with lots of independent recirculations, but not 
affecting saphenous veins.

The two scenarios most often found is the 
connection of great and small saphenous vein 
either through the Giacomini vein or through a 
tributary below the knee. In both situations, either 
vein can serve as drainage for the other.

6.11.6.1  Connection via 
the Giacomini Vein

Reflux starting at the sapheno-popliteal junction 
(SPJ) can feed the Giacomini vein and then the 
great saphenous vein (GSV) as shown in 

a b

Fig. 6.43 Pelvic shunt type 5: (a) First step disconnec-
tion of the tributary (green line). (b) Result in 97% of 
cases: Pelvic reflux is drained via the competent terminal 

valve into the deep vein; GSV is competent. With permis-
sion by [10]
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Fig. 6.44. This is not too rare. The shunt is inter-
esting from different points of view:

• It is the combination of an open and a closed 
shunt.

• It can be composed by a systolic and a dia-
stolic shunt (see Fig. 3.31, Sect. 3.9.1).

• Concerning the closed shunt, the re-entry is 
further down in the leg than the escape point, 
but the path runs much higher in the leg than 
the reflux source.

With the upcoming of duplex investigation, lot 
of early recidives after stripping of GSV were 
identified as caused by Giacomini vein reflux. 
Thus, also in the ablative setting, this vein needs 
to be directed with special care.

The shunt classification is difficult, because 
two saphenous veins are involved: The reflux 
source is the SSV, draining the reflux in the prox-
imal prolongation under the fascia (or epifascial 
in a tributary). The pathologic amount of blood 
ascends to join the GSV at the proximal thigh via 
the posterior accessory saphenous vein or a tribu-
tary, with sub- or epifascial course (N2 or N3, 
classified as transversal N4, as it connects two 
saphenous veins). The GSV is competent in the 
groin and gets incompetent fed from the blood 
from the SSV recirculation. Usually the refluxing 
blood drains into a tributary at knee level (above 
or below it). The most distal perforating vein is at 
the calf.

In case of diastolic reflux only, we find the fol-
lowing shunts (see Fig. 6.44):

• A shunt type 3 for the SSV (N1  → 
N2 → N3 − N2 − N1)

• A shunt type 5 for the GSV—considering the 
SPJ as a perforating vein in this case: 
N1  →  N2  →  N3 (Giacomini vein) 
− N2 → N3 − N1

During the investigation of the reflux in the 
SPJ, it is important to discriminate between sys-
tolic and diastolic reflux—often both are present. 
This is fundamental for the treatment decision. In 
case of obstruction of the deep veins in the thigh 
after thrombosis or muscular dysfunction, the 
Giacomini vein is a good draining path for the 

blood of the calf. During systole, the blood will 
be expelled through the SPJ and the SSV into the 
Giacomini vein, drained via the GSV and SFJ 
into the proximal common femoral vein. This is 
an open bypassing or vicarious shunt, which 
should not be interrupted to avoid bothering 
recurrences at the knee level. It can be combined, 
with a closed diastolic shunt, concerning the 

Fig. 6.44 Incompetent SPJ with reflux into the SSV, 
feeding the Giacomini vein (coloured in orange for 
differentiation). At the junction with the GSV, some of 
the blood drains antegrade via the SFJ into the com-
mon femoral vein (open deviated shunt if diastolic, 
open bypassing or vicarious shunt if systolic) and 
some of the blood fills the distal GSV retrogradely, 
draining to the deep vein via a tributary (closed shunt). 
N1 N2 TN4 (GV) – N2 – N1

N2 N3 – N1

. With permission 

by [10]
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GSV—which can easily be treated without inter-
rupting the open shunt (see Fig. 6.45a, b).

As the treatment options are varied, they shall 
be analysed in detail.

In case that the Giacomini anastomosis runs 
under a fascia: The treatment is to disconnect the 
tributary from the GSV with flush ligation (green 
line in Fig. 6.45a). The whole recirculation then 
usually regenerates producing antegrade flow in 
SPJ as well as in the preoperatively refluxing seg-
ment of GSV.  Sometimes after this tactic, no 
reflux is seen in the tributary or the GSV, but 
there is still an open shunt (Fig.  6.45b): reflux 
from the SSV into Giacomini anastomosis drain-
ing into GSV and flowing antegrade to the SFJ. If 
there is no pain in the fossa poplitea, this condi-
tion will not be noticed by the patient nor shall it 
bother the leg circulation and might be left 
untouched but observed regularly.

In case the Giacomini anastomosis has extra-
fascial segments, perform flush ligation of the 
tributary when emerging the fascia. Figure 6.45c 
shows the situation in case the tributary emerges 

directly from the SSV.  It might also emerge on 
the running of the proximal extension of the thigh 
higher up; in that case the flush ligation has to be 
performed at this branching from the subfascial 
to the epifascial vein. Then, the post-operative 
examination will show an antegrade flow in the 
SPJ.

If the SPJ is very dilated preoperatively with 
SSV diameters higher than 10 mms, it should be 
considered to perform a flush ligation of the SSV 
at the popliteal level—but only if there is no sys-
tolic reflux, which would lead to a high recur-
rence rate and an impairment of leg drainage.

Of course, attention has to be paid to possible 
perforating veins in the course of the Giacomini 
anastomosis on its running on the back of the 
thigh—these should be treated according to 
CHIVA principles (see Sect. 6.9).

6.11.6.2  Connection via a Calf 
Tributary

As presented in Sect. 3.5.4 and Fig.  6.46, the 
reflux from the GSV can be drained via a con-

a b c

Fig. 6.45 Recirculation via the Giacomini anastomosis 
coloured in orange for differentiation. (a) Treatment 
option with subfascial Giacomini anastomosis. (b) 
Possible result after strategy described in a. (c) 

Treatment option with epifascial Giacomini anastomo-
sis (and after excluding an open bypassing shunt). With 
permission by [10]
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necting tributary (N3 or transversal N4) with 
the SSV.  Initially the reflux might be drained 
via the junction, but after some time and with 
progressive dilatation of the proximal SSV, this 
will become incompetent, too. Another sce-
nario would be an open systolic bypassing 
shunt starting at the sapheno-popliteal junction, 
feeding the SSV and the calf transversal N4 and 
thus the GSV, which might be competent and 
draining the flow, until it dilates too much, 
reverting the flow in diastole and becoming 
incompetent, too.

Thus, it is very important to double check sys-
tolic and diastolic flow when both veins are 
involved and to try and find out which vein was 
the first one with reflux, for example, asking the 
patient, where the first veins were observed on 
the leg. Another technique is comparing the PW 
reflux curves in both saphenous veins. The drain-
ing ones will show antegrade flow during diastole 
or a flow to and for.

The vein suspected as secondary filled should 
not be treated in the first session, as it often recov-
ers completely (see Fig. 6.46).

Another possibility is a primary reflux source 
in the SPJ, filling the SSV, draining through a 
tributary into the distal GSV—the proximal 

aspect of this vein is competent. Usually the 
treatment of the SSV will solve the reflux situa-
tion in the GSV.

6.11.7  Remodelling a Refluxing 
System

In some cases, there is a very large reflux 
amount through a junction or a perforating vein 
with a great number of divisions along the trib-
utaries. In other cases, the tributaries and re-
entry perforating veins are large, meandering 
and difficult to analyse. Obviously, these 
patients do not have high cosmetic claims, oth-
erwise they would not have allowed the veins to 
develop to this point. In these cases, the treat-
ment is required for pain or discomfort or skin 
changes. And in these advanced cases, we 
always find a shunt type 1 or 3 with reflux from 
the deep venous system.

Applying the four standard requests for 
CHIVA—interruption of the reflux source, sub-
division of the pressure column, saving the re- 
entries and eliminating the non-draining 
tributary system—lots of divisions should be 
applied. But the larger the vessels, the higher 

a b c

SSV DV GSV SSV DV GSV SSV DV GSV

Fig. 6.46 Drainage from a refluxing GSV through a con-
necting vein between GSV and SSV. (a) Preoperative situ-
ation: Proximal SSV is enlarged, with antegrade and 
retrograde flow during diastole. (b, c) Situation after inter-
ruption of the tributary at the level of the GSV, assuming 

a flow correction in the GSV, which is not relevant to the 
evolution of SSV. (b) The SSV has recovered completely, 
no reflux. (c) The SSV is still refluxing, a second treat-
ment session will be necessary to treat the persisting 
reflux. With permission by [10]
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the risk of a superficial vein thrombosis (see 
Sect. 10.1.4).

It is possible to treat the system in two or more 
steps: Starting with the interruption of the reflux 
source (junction or perforating vein), apply low 
dose heparin for 2 weeks and compression for some 
weeks or months and wait for calibre reduction in 
the system [5]. Often patients are so happy to have 
lost the symptoms just with this step that they do not 
want to undergo further steps. Or in the post-opera-
tive visit after some months, it becomes obvious 
that some further interruptions make sense—which 
can then be carried out in a second step.

This strategy is especially useful in patients 
with skin changes at the calf, allowing a recovery 
of the skin and incisions with less risk of infec-
tion or bad healing.

6.12  Non-haemodynamic 
Saphenous Vein Sparing 
Treatment

Sometimes decisions in medicine are subjected to 
extern necessities, like rules by health-care insur-
ances or other socio-economic reasons. Thus, the 
treatment of varicose veins in some countries has 
to be successful after one session; re-interventions 
or re-investigations are not possible.

As described in Sect. 6.4.1, the treatment of 
shunt type 3 is not possible in one step—over 70% 

of the cases will need a second step intervention if 
starting with first step of CHIVA 2 [13] or a poor 
cosmetic result if starting with crossotomy.

6.12.1  CHIVA 1 + 2

Performing both steps of CHIVA 2—the tributary 
interruption and the crossotomy—is called 
CHIVA 1 + 2.

Applying crossotomy (interruption of the SFJ) 
and tributary interruption simultaneously, the pri-
mary reflux source is interrupted and the tributary 
will no longer be filled. The cosmetic result will 
be achieved and the reflux source interrupted (see 
Fig. 6.3 right and Fig. 6.47).

The problem is that in 38% of cases, the GSV 
between both interruptions will suffer thrombosis 
(see Sect. 10.1.4). And as a consequence, spider 
veins can appear at the thigh due to poor drainage 
of skin veins, the same as observed after stripping 
(see Sect. 10.2.2). In some situations, the risk of 
matting is not the central problem but the quick 
treatment of an ulceration or severe skin changes, 
e.g. in adipose persons. In these cases, a CHIVA 
1 + 2 procedure might be an option to make sure 
the target will be reached soon.

To avoid these thrombosis/matting problems, 
the devalvulation of a segment of the GSV was 
developed to be applied in the same session with 
CHIVA 1 + 2 (see Sect. 6.4.2).

a b

Fig. 6.47 (a) Shunt 
type 3. (b) Non- 
haemodynamic 
treatment with 
crossotomy and tributary 
interruption (CHIVA 
1 + 2), leaving the GSV 
without drainage. This 
leads to thrombosis or 
poor drainage of 
GSV. With permission 
by [10]
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6.12.2  How to Avoid Non-Drained 
Systems

Non-drained systems lead to spider veins and 
early recidives through subcutaneous vessels, 
mostly bothering the patient. The advantage of 
stable draining vein situation after regular CHIVA 
is lost might be the one responsible for less recur-
rence rate as compared to stripping.

In the situation of shunt type 3, the devalvula-
tion was the answer to the unsatisfactory non- 
drained situation after CHIVA 1 + 2 (explained in 
Sects. 6.4.2 and 6.12.1).

Thus, especially during the learning curve, 
seeking for good drainage of all treated segments 
should be a high goal. As a first step, the analysis 
of the preoperative situation is very important, 
also to verify after a failure what could have gone 
wrong.

If a perforating vein or tributary does not seem 
to be sufficient to deal with the drainage of a seg-
ment, it is best not to do all the possible interrup-
tions in the first step. This is especially important 
when starting to do CHIVA. Usually surgeons are 
used to do lots of incisions and tend to plan too 
much interruptions to achieve a result as good as 
possible. But just in the learning situation and in 
doubt if an interruption is necessary, it would be 
best just to close the most important insufficiency 
point and leave all the others for a second 
moment, months later, if they still seem neces-
sary to be treated.

In any case, apply the manoeuver described in 
Fig. 6.2 before treating a tributary.

6.13  Management in Cases 
of Preoperative Thrombosis 
of Superficial Veins

Occlusion due to thrombi makes diagnosis of 
reflux more difficult, because thrombi close the 
veins partially or completely. This falsifies the 
drainage scheme from varicose veins, which is 
one of the most important bases for decision- 
making in CHIVA.  It is therefore advisable 
always to try to clear up the thrombosis first by 

treatment with conservative measures. However, 
this is not always possible, and the patient must 
then be treated despite the thrombosis.

In such cases, the recommendation is to limit 
treatment to interruption of the proximal reflux 
source. Since the result of this is to further reduce 
the velocity of blood flow in the occluded region, 
it is likely that the thrombosis will get worse 
immediately after the operation. It is therefore 
recommended to treat these patients with low 
molecular prophylactic heparin for 10–14  days 
after the intervention and non-steroidal anti- 
inflammatory drugs for the first week and then to 
explore the patient again and to decide whether to 
give more heparin depending on the calibre 
reduction of the saphenous vein: good reduction 
(no more heparin) and no reduction (go on with 
heparin).

Superficial vein thrombosis after CHIVA will 
be discussed below (see Sect. 6.14.5). CHIVA 
treatment in case of deep vein thrombosis is 
addressed in Chap. 9.

6.14  The Post-operative 
Examination

The patient should come in for a duplex ultra-
sound post-operative examination after some 
months, the earliest to see changes 8 weeks after 
the operation. Earlier than these changes in the 
venous system are not established—in some 
patients it takes even longer.

Apart from examining the vein calibre reduc-
tion, the doctor must also find out whether the 
patient’s preoperative distress has changed.

Patients can sometimes feel when new con-
nections open which previously did not exist or 
were not refluxing. So, it may occur that the 
clinic, cosmetic and duplex ultrasound findings 
after a surgery are good, but the patient com-
plains of pains, for example, at the inner thigh 
after interruption of the SFJ. He can even put his 
finger on the exact spot. Almost always a (still) 
thin but refluxing perforating vein can be found, 
which in a few weeks will again deliver reflux 
into the GSV.  It should be interrupted immedi-
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ately before it provokes cosmetic complaints. It is 
not necessary to await development. If the patient 
wants to postpone the complementary operation 
to a later date, however, it has to be explained to 
the patient that new visible varicose veins will 
appear.

6.14.1  Post-operative Examination 
of the Junctions After 
Interruption

The documentation must record (even if only as a 
note in the file without an image) whether the SFJ 
or SPJ was closed and how much flow entered the 
saphenous trunk vein from the superficial ingui-
nal tributaries or the vein of Giacomini. Otherwise 
it will be impossible later to find the correct cause 
in the event of recurrence. If the SFJ or SPJ is not 
closed, it will have to be re-treated. This is very 
important in CHIVA, as different from the ablat-
ing techniques, a residual reflux will very soon 
express as new visible veins using the non- 
destroyed pathways. In case of a non-complete 
crossectomy in the stripping context, it takes 
years until veins visible in ultrasound after the 
intervention are clinically relevant.

6.14.2  Post-operative Examination 
of the SFJ and SPJ After 
CHIVA 2

After CHIVA 2, the SFJ and SPJ are examined 
under the same criteria as in the preoperative 
examination. If the junction is competent, the 
patient will be called in for regular check-ups. If 
the junction is incompetent, further procedure 
will depend on the finding (see also Sect. 6.4.1):

• If there is only minimal reflux, perhaps only 
under Valsalva, and the patient is otherwise 
free of distress and satisfied, it is safe to wait a 
couple of months before carrying out an inter-
ruption of the junction. The GSV sometimes 
requires rather long to further reduce the 
diameter and may get competent later.

• If there is still a reflux and a new tributary has 
opened to carry the reflux, the junction must 
be closed without long delays, because any 
delay may allow the condition to become 
aggravated unnecessarily.

• If there is still a reflux and a perforating vein 
has opened to drain this reflux from the saphe-
nous vein to the deep vein without cosmetic 
visible branches and no distress for the patient, 
the situation may be stable for a long time and 
could be observed until new problems occur, 
which may then be treated as a shunt type 1. 
This has to be explained to the patient. If the 
patient is not able to come in for follow-ups, 
the immediate interruption of the junction 
might be the better option.

• If the ligated CHIVA 2 point has reopened or 
small bypasses have formed, the SFJ must 
also be treated. A new interruption in the same 
spot makes little sense as we have noticed in 
our experience. However, if the CHIVA 2 
point was not interrupted properly as flush 
ligation at the saphenous vein (see Sect. 
4.11.2), the correct procedure is to interrupt it 
again right at the saphenous vein. This extends 
the treatment considerably for the patient, as 
he must now wait another 8  weeks to see 
whether junction needs to be operated.

6.14.3  Post-operative Examination 
of the Saphenous Veins

If a saphenous trunk vein was refluxing before 
the operation, the velocity profile and the diame-
ter must be compared with preoperative findings. 
Some little flow allowing drainage of tributaries 
to the next perforating vein is normal. In PW 
mode, the curve will be slow and not long- 
lasting—about 1 or 1.5  s, this was called 
“deflusso” in Italian to differentiate it from 
“reflusso” (reflux; see Sects. 4.11.1 and 6.3.4.1), 
but a long-lasting reflux of great amounts of 
blood is no good outcome. If reflux still exists 
after the operation, the proximal reflux source 
which was interrupted in the first operation must 
be examined, and the whole course of the tribu-
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taries and perforating veins must be checked for 
participation in the reflux. If a perforating vein 
has become refluxing, the saphenous vein must 
be interrupted below it or the perforating vein 
itself (see Sect. 6.9). If the vein is filled from a 
tributary, the reflux source in the tributary must 
be treated.

6.14.4  Post-operative Examination 
of the Tributaries

In tributaries, which continue to carry reflux, the 
same strategic criteria apply as in the first opera-
tion. If a tributary is still visible but not carrying 
large amounts of reflux, it may not be able to 
reduce its calibre due to wall damage as a conse-
quence of prior thrombosis or wall lesions. 
Phlebectomy or sclerotherapy can be recom-
mended, because a calibre reduction may then no 
longer be expected.

In case of residual reflux with partial calibre 
reduction but with a long segment (high pressure 
column), an interruption at a branching point can 
be planned, a phlebectomy or a sclerotherapy.

6.14.5  Post-operative Superficial 
Vein Thrombosis

Superficial veins may develop a thrombosis after 
CHIVA that is why in some cases prophylactic 
doses of heparin are applied post-operatively (see 
Sect. 10.1.4).

In case of a thrombotic occlusion of the saphe-
nous vein after CHIVA 2, the risk of ascension to 
the deep vein is given, and it has to be treated to 
avoid deep vein extension via a junction or patent 
perforating vein. As found by Pintos (see Sect. 
10.1.4), GSV with diameters at proximal thigh 
over 8.5 mm are more prone to thrombosis. That 
is why in these patients the SFJ should be treated 
in the first step in case of shunt type 3 to avoid 
this possible ascension of thrombi to deep veins. 
In the author’s experience, giving heparin for 
10  days as a rule after CHIVA 2 and avoiding 
CHIVA in two steps in case of large, aneurys-

matic veins have made proximal thrombosis 
anecdotal.

Surprisingly thrombotic occlusion of saphe-
nous veins after CHIVA crossotomy rarely causes 
pain to the patient, so often it is an incidental 
finding of the duplex investigation.

Thrombotic occlusions may falsify the out-
come of the post-operative examination. 
Thrombosis in the GSV in the thigh region makes 
it impossible to measure the post-operative flow 
of the GSV. Furthermore, if the saphenous trunk 
is incompetent, a tributary occluded with throm-
bosis can falsify the evaluation of the proximal 
segment, since any reflux which might exist in 
this tributary cannot be measured in the presence 
of thrombosis.

Therefore, in cases of superficial vein throm-
bosis, the situation must be evaluated with cau-
tion. It is better to call the patient back for 
examination once the thrombosis has healed. 
Usually, in asymptomatic patients after crossot-
omy, no medicaments are necessary: A progres-
sion to the deep vein via the junction is no longer 
possible, in the absence of large perforating 
veins, a progression via a perforating vein nei-
ther. The thrombosis will resolve spontaneously 
within the longest 12 months.

6.15  Recurrence Management

6.15.1  Recurrence After CHIVA

Complementary interventions after 6–8  weeks, 
which are necessary in some patients and are 
consciously planned when deciding the strategy, 
are not a recurrence treatment but a completion 
of the CHIVA treatment.

Recurrent veins are situations in which 
patients who had no varices and no distress when 
released after CHIVA present new varices in the 
same places or at other points after some time.

6.15.1.1  Recurrence at the Sapheno- 
femoral Junction

A recurrence after crossotomy can be noted clini-
cally (new visible veins) or by duplex: a reflux 
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re-appears in the GSV which was “draining” in 
the first exploration after the intervention. Duplex 
examination can indicate the new reflux source: 
recanalisation of the interruption of the junction 
or refluxing pelvine vessels meeting the GSV dis-
tal to the groin, perforating veins or other 
tributaries.

Recanalisation of junction: Redo the interrup-
tion and consider what went wrong. Remember: 
At this site, non-absorbable suture material is 
mandatory.

Reflux from supra-inguinal vessels: A treat-
ment of these vessels at their origin may be 
planned at P or I point. Alternatively, multiple 
vessels seen on the proximal aspect of the thigh 
(medial or inguinal) may be treated with sclero-
therapy to reduce the reflux into the GSV. Another 
option—in case a pelvine leak point surgery is 
not available and the vessels are too large to be 
treated with sclerotherapy—could be the closure 
of the proximal 5 cm of the GSV with endolumi-
nal heat devices, applying sclerotherapy through 
the device into the supra-inguinal feeding ves-
sels. This avoids sclerosing damage to the distal 
GSV.

In 20 years of experience, the author has never 
seen a “cavernoma” with multiple little vessels in 
the groin after CHIVA crossotomy as it is 
observed after crossectomy and stripping, except-
ing for one case of an obese, diabetic person 
under corticoids for rheumatic disease that devel-
oped an infection of the groin after surgery for C6 
varicose veins. In this case, the vessel neo- 
formation possibly was triggered by the 
infection.

When performing CHIVA with endoluminal 
heat closure of the proximal segment of the 
GSV (see Sect. 7.13), the most frequent recur-
rence is from pelvic vessels or the junction into 
the anterior accessory saphenous vein (AASV) 
(see Sect. 4.11.4). The best form to prevent this 
is treating the AASV during the intervention 
(e.g. with 0.5  cc of 1% foamed sclerosing 
agent), if it is visible and dilated. In any case, 
the patient has to be informed that possibly this 
vein will be treated in the second appointment, 
which can easily be done with a little amount of 
ultrasound-guided sclerotherapy into the AASV 

when the reflux is first noted to avoid clinical 
recidives.

6.15.1.2  Recurrent Veins Along 
the Saphenous Veins

As the GSV is left in situ, any pathologic amount 
of blood meeting the vein will be transported. In 
antegrade direction, if the valves have recovered 
and only first step of CHIVA 2 was performed, 
but retrograde if the SFJ was closed. Clinical 
recurrence will not last years until vessels 
develop. Thus, as soon as tributaries develop, the 
reflux source should be looked after and treated, 
given the consent of the patient. Recurrences 
after first step of CHIVA 2 are explained in Sect. 
6.4.1.

Reflux from tributaries at the thigh into the 
GSV: Treat the tributaries (close origin, mini- 
phlebectomy, sclerotherapy) and the flow into the 
GSV will reduce back to physiologic.

Reflux from a perforating vein into the GSV: 
Consider interrupting the perforating vein or 
the GSV distal to the perforating vein to pro-
voke a change of flow to the deep vein, depend-
ing on the position of the perforating vein (the 
higher, the better it is to close it, the nearer to 
the foot, the better it is to use the perforating 
vein to drain the blood from the GSV) (see 
Fig. 6.26).

Drainage of the reflux into a new cosmetic dis-
turbing tributary: In this case the optimal solu-
tion can be given if a perforating vein is found on 
the GSV—the tributaries can be disconnected 
from the GSV, leaving the perforating vein 
untouched as physiologic drainage for the GSV 
(see Fig. 6.25).

6.15.2  Recurrence Management 
After Ablative Procedures

After ablation of the saphenous trunk, CHIVA 
can only be used under certain conditions. The 
normal N2 drainage routes are no longer avail-
able. However symptomatic patients can be 
helped by volume relief by applying the rules of 
“interruption of the escape point” and “preserv-
ing draining routes” to the recidive.
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The following situations may arise in recur-
rence of varices:

• Recurrence at the sapheno-femoral or 
sapheno-popliteal junction with left stump 
and visible valves:
 – (Re-)Crossectomy of the junction as the 

sole treatment. Plenty of dilated and visible 
tributaries regenerate by themselves as a 
result, and clinical complaints disappear. 
At the post-operative examination after 
6–8 weeks, residual reflux sources may be 
found in the rest of the leg; they can be 
treated under local anaesthetic or with 
sclerotherapy.

 – Consider sclerotherapy if the stump is 
short, and the new tributaries have small 
diameter.

• Recurrence at the SFJ or SFP with no 
stump but diffuse little vessels:
 – Often these diffuse vessels (“cavernoma”) 

are not filled by the deep veins but by pel-
vine refluxing vessels [20]. Consider treat-
ing the pelvic leakage points.

 – Alternatively, ultrasound-guided foam 
sclerotherapy of the refluxing vessels in the 
groin with no surgical intervention to 
reduce the pressure in the leg superficial 
veins. Wait and see for the rest of the visi-
ble vessels, which may disappear 
afterwards.

• Recurrence from perforating veins: This 
kind of recurrence is most frequently found 
around the perforating vein of the adductor 
canal (formerly Dodd).
 – In case of large reflux volume, the perforat-

ing vein can be surgically interrupted 
below the fascia surgically, possibly in 
combination with sclerotherapy (see Sect. 
7.12).

 – In case of a thin perforating vein with little 
reflux, it may be less traumatic to perform 
a sclerotherapy of the perforating vein 
under duplex guidance or with endolumi-
nal devices.

• Persistence of a section of the GSV: After 
stripping “from ankle to groin”, segments of 
the GSV may still be found between the fas-

ciae (easily recognised in ultrasound by the 
“saphenous eye” (see Chaps. 2 and 4)). In 
these patients, the stripping probe has slipped 
into a large epifascial vein when pushed 
through the GSV.  If these remains of the 
saphenous vein are refluxing, classic CHIVA 
strategy decisions must be used.

• Reflux from a perforating vein into a sub-
cutaneous venous network: Multiple small 
refluxing vessels develop in scar tissue of a 
perforating vein interruption. Normally a 
sclerotherapy may be enough as a treatment; 
alternatively the perforating vein has to be 
interrupted.

• Varicose tributaries: These must be treated 
in exactly the same way as varicose tributar-
ies in the untreated leg. Nevertheless, it 
must be borne in mind that the affected 
veins are often poorly drained, so mini-
phlebectomies or sclerotherapies are 
advisable.

6.16  Getting Started

After learning about CHIVA, sometimes it is 
difficult to get started. Colleagues of the own 
team mostly are not convinced that this could 
work. The patients (and most of all the doctors!) 
are used to be “ready” after one session, even 
though often further sclerotherapy sessions are 
necessary also in patients after venous ablation. 
They fear that patients will be unsatisfied, if 
they learn that a second step is to be done. The 
surprising fact is that patients often are happy 
when they are told that we are doing the less 
possible harm, even though this means they 
have possibly to return for a second little 
intervention.

A starting difficulty is, as every surgeon 
knows, that in practice we meet lots of conditions 
influencing a decision, not included in the images 
presented in this chapter.

So, it is important to take some time to 
investigate and document the findings prior to 
intervention and to be patient with ourselves 
with these first cases. Routine comes by 
doing.
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6.16.1  General Strategic Decisions

When doctors start using the CHIVA method, 
they often ask which patients are ideal for their 
first attempts. These are:

• Young patients with shunt type 5 and a reflux 
only above knee, where the first step of 
CHIVA 2 can be applied expecting not to need 
the second step.

• Patients with expressed varices and shunt type 
1 are also ideal, so long as one can resist the 
temptation to make a lot of incisions on the 
first day. In these patients, one can get a feel-
ing for vein regeneration after the sole treat-
ment of the junction.

• Multi-morbid patients with high C classes 
(CEAP) where it is possible only to treat the 
vessel feeding the skin changes or only the 
junction—an affordable intervention even in 
anticoagulated persons under local 
anaesthesia.

It is important that the first patients are them-
selves convinced by the CHIVA method. As a 
second or even third operation is sometimes nec-
essary for a definitive solution during the learn-
ing curve, the subject must have patience and 
cooperate; he is more likely to be motivated if he 
himself chose the operating method and is con-
vinced that keeping the saphenous trunks is the 
best option for him.

It must be made very clear to the patient before 
the intervention starts that the treatment does not 
end with the first operation. He will have to come 
for a post-operative examination after 
2–3  months, when a complementary operation 
may be necessary, and he has to know that veins 
will be visible weeks after intervention. But in 
nearly all of the cases, he will be able to return to 
work within little time, and the venous com-
plaints will disappear quickly.

For strategic decisions, it is also advisable to 
clarify with the patient in advance whether his 
distress or the cosmetic outcome is more impor-
tant. If the cosmetic outcome is very important, 
in cases of shunt type 3 or 5, the tributaries must 
always be interrupted first and a part removed. If 
the patient is more concerned about the symp-
toms, treatment should concentrate on the highest 

reflux source. If the diameter of the GSV is larger 
than 10  mm at the thigh or have aneurysmatic 
dilations in the groin, the SFJ should be operated 
in the first session, regardless of the shunt type to 
avoid ascending thrombosis. Operating on the 
SFJ in the first session in shunt type 3 with a 
venous ulcer may also be considered. However, 
the outcomes of shunt type 3 treatment are clearly 
better when the tributaries are treated first at the 
CHIVA 2 points.

There are also fearful patients, who by nature 
prefer CHIVA to stripping. If a patient wants “only 
a few incisions” per session, this procedure is still 
possible, but it must be explained to the patient 
that more sessions may be required in total. In 
these cases, one should always take the most 
important step first. In other words, in shunt type 
1, the SFJ is always treated first, and in a shunt 
type 3 or 5, the CHIVA 2 option is the first step.

Even strongly expressed varices, with large 
calibre and presenting big tributary convolutes, 
can be treated with CHIVA. However, doctor and 
patient must both appreciate that the treatment 
time will be longer than with less strongly 
expressed varices. That means more appoint-
ments and longer examination times per appoint-
ment. The risk of superficial vein thrombosis is 
also higher with strongly expressed varices (see 
Sect. 6.16.2.1).

6.16.2  Case Examples

6.16.2.1  Large Varicose Veins
A 52-year-old male patient with fears of anaes-
thesia and absolute negation to undergo strip-
ping, this is the reason why he searched a centre 
applying CHIVA. Little distress, rarely wearing 
compression stockings, but fear of progression 
and thrombosis. This is surely not an optimal 
case to get started at the first sight, but as the 
patient is convinced not to want an ablation of the 
vein, it is a good case to learn what just little ges-
tures can do with large varicose veins:

Findings: incompetent SFJ and 11 mm diam-
eter of the GSV at the proximal thigh. Winding 
refluxing tributary, filled in the thigh 15 cm below 
the SFJ (preoperative finding; see Fig. 6.48a, b, 
blue arrow). Convolute below the knee, filled 
from this tributary with draining into the distal 
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GSV. Shunt type 3 with no perforating vein on 
the GSV at the thigh.

In the first treatment session (28.11.2001), only 
the SFJ was interrupted to produce a reduction in 
the calibre of the varicose vein (see Fig. 6.48c).

At the first post-operative examination 
(15.01.2002) (see Fig. 6.48d), a good reduction 
in calibre was found with partial thrombosis in 

the tributary without clinical complaints but also 
partial flow in the tributaries. The tributary was 
now interrupted at its junction to the GSV (posi-
tion of blue arrow in Fig. 6.48a, b), and two stab 
incisions were made in the occluded convolute 
below the knee intending to express thrombotic 
material, which would not be successful. No 
interruption was performed at the knee site.

a b

c d e

f g

Fig. 6.48 For description of the case, see text. With permission by [10]
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In the re-examination on 27.02.2002 (see 
Fig. 6.48e), the patient is completely free of dis-
tress. Slight discolouration of the skin along the 
course of the GSV, which experience tells us, will 
fade after a couple of months. At both the opera-
tion sessions, low molecular heparin in preven-
tion doses was prescribed for 10 days.

Summary: Preoperative situation, detail of the 
knee and calf before intervention (Fig.  6.48f). 
Crossotomy at the first session (28.11.2001) and 
tributary disconnection at the thigh at the second 
session (15.01.2002). Control 3  months 
(27.02.2002) after first intervention only discol-
ouration of the skin, no reflux. No clinics. The 
patient had 2 days loss of work (just the interven-
tion days).

6.16.2.2  Avoiding Difficult Surgery 
Access

Varicose tributaries are often a cosmetic problem 
for the patient. Sometimes in case of reflux of 
SSV with an early drainage through a tributary, 
the classic intervention would be a crossectomy, 
stripping of SSV and exhairesis of the tributary. 
In the situation presented in Fig. 6.49, the indica-
tion to such an intervention with the risk of neu-
ral lesion is hard to be justified. CHIVA 2 is 
always a good option in these cases with less sur-
gical risk.

Another option to avoid surgery in the knee 
crease is to apply endoluminal heating devices to 
close a short segment of the SSV—although no 
results have been published so far.

Figure 6.49 shows a not very strongly 
expressed finding of a shunt type 3 on a SSV with 
a high and lateral sapheno-popliteal junction. 
Slight discomfort when working in the squat (the 
patient was a nursery school teacher). Surgical 
access to the junction would have meant a large 
incision and post-operative pain.

CHIVA 2 was applied, which indeed required 
a relatively large incision (exposure of the SSV 
junction of the tributary, as it was a CHIVA 2 
point). With a mini-phlebectomy, it would have 
been necessary anyway to make several small 
incisions—and recurrence would certainly have 
occurred if the CHIVA 2 point had not been 
interrupted flush at the SSV level. According to 
CHIVA therefore, a proximal incision would 
have been made in any case in this patient, 
even  if treatment was completed with distal 
mini-phlebectomies.

At the control 2 months later, little rest of vari-
cose veins were seen, and the SSV was compe-
tent and stayed at the visit after 1 and 3 years. The 
remaining findings (Fig.  6.49c) can be treated 
with sclerotherapy if wished. The discomfort of 
the patient had completely disappeared.

a b c

Fig. 6.49 For explanation to the case, see text. With permission by [10]
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6.16.2.3  Treatment Involving 
Refluxing Accessory Anterior 
Saphenous Vein

The situation of the AASV differs from that of 
other tributaries. It forms part of an extensive 
venous network in the front of the thigh, so that in 
some patients, even if there is no more reflux 
from the deep veins after the operation, the veins 
continue to be filled by physiologic draining trib-
utaries and produce cosmetic inconvenience.

In this case, a woman with shunt type 3, 
incompetent terminal and competent preterminal 
valve, reflux through SFJ escaping into AASV 
and after approximately 15 cm subfascial reflux 
the AASV pierced the fascia becoming clinically 
evident. Between AASV and GSV, two connect-
ing veins were found, draining refluxing blood 
into the GSV (blue lines between GSV and 
AASV in Fig.  6.50a). The interruption of the 
AASV at its junction with the GSV was the hae-
modynamic solution of the problem; GSV was 
found to be antegrade in the follow-up. But the 

cosmetic bothering tributary would not have 
reverted properly for it was very large. So, mini- 
phlebectomies were performed at the level of the 
blue arrows in Fig.  6.50a, b. The green arrow 
shows the point, where the tortuous tributary 
drains into the GSV; below this point, no more 
phlebectomies were performed. After 5  months 
(Fig.  6.50c), the vein at knee level (below the 
green arrow), which had not been extracted, has 
reduced its calibre; the patient was free of 
complaints.

The combination of CHIVA at the proximal 
reflux source with phlebectomy of particularly 
disturbing sections saves on incisions and pro-
duces good outcomes, as long as drained seg-
ments are the result. In this case, this was possible 
thanks to the connections between the AASV and 
the GSV. It is not good to interrupt the AASV on 
its course indiscriminately without paying atten-
tion to the drainage of the proximal segments—in 
this case non-drained segments with matting and 
early recidives will be produced.

a

b c

Fig. 6.50 For explanations of the case, see text. With permission by [10]
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Last, not least and again, it may be stressed:
When starting with the CHIVA strategy: 
the fewer the incisions, the better the out-
come, even if this sometimes means that 
some sessions are necessary.
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CHIVA: Surgical Tips and Tricks

Sergio Gianesini, Roberto Delfrate, 
Massimo Cappelli, and Erika Mendoza

7.1  Introduction

The general surgical skills and techniques should 
be known prior to start with CHIVA interven-
tions. General knowledge about disinfection and 
local anaesthesia techniques are supposed as 
known in this chapter. Perioperative manage-
ment, especially heparin administration, is dis-
cussed in Chap. 11.

A very cautious treatment has to be given to 
the saphenous trunks at any moment, avoiding 
lesions to the venous wall by repeated clamping 
or squeezing it.

In addition, a perfect cooperation between the 
ultrasound operator and the surgeon is the corner-
stone for success. Both have to understand the 
CHIVA strategy and have to be used to work 

together, use the same language and understand 
the markings on the skin or figures painted in the 
records of the patient. Interrupting the wrong 
vein at the surgical site will mostly produce an 
immediate clinical failure (see Fig. 4.43).

As the veins are left in the leg in CHIVA and 
are refilled immediately if the flow is not prop-
erly interrupted, incorrect operating technique 
generally becomes apparent immediately after 
the operation, and certainly in the postoperative 
examination. With stripping, the varicose vessel 
is removed, so recurrence only becomes apparent 
months or years later.

New techniques have been introduced to 
CHIVA, like the use of a clip in the context of the 
crossotomy, the interruption of pelvic leak points 
(see Chap. 8), devalvulation (see Sect. 7.9), 
sclerotherapy to treat selected tributaries or to 
improve perforating vein surgery (see Sect. 7.13) 
or endoluminal techniques to close short seg-
ments of the saphenous veins without surgical 
intervention (see Sect. 7.12).

Surgical gestures in the context of CHIVA are 
possible in local anaesthesia and on ambulatory 
basis. Preferences of patients and surgeons are of 
course to be respected. Some health care systems 
do not consider venous surgery on ambulatory 
basis. Thus, the important thing is to apply proper 
surgical techniques, adapting to the environmen-
tal necessities.
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7.2  Surgery at the Sapheno- 
Femoral Junction: 
Crossotomy

Operating on the sapheno-femoral junction is one 
of the core surgical skills of the CHIVA method.

The anatomy of the sapheno-femoral junction 
is extremely variable. It has been explained in 
Sect. 4.5. Not all the vessels shown in Figs. 7.1 
and 7.2 are always present. The diagram only 
includes important vessels.

7.2.1  General Explanations

Using ultrasound preoperatively, the surgeon can 
discover the exact anatomy of the sapheno- 
femoral junction in advance, not only to decide 
the strategy in general but also the features he 
will find.

The following information is important for the 
surgeon:

• Height of the sapheno-femoral junction in 
relation to the groin and its depth below the 
skin in mm.

• Distance between the confluence of inguinal 
tributaries veins and the femoral vein.

• How many and which inguinal tributaries are 
present?

• Which inguinal tributaries are incompetent?
• Does any inguinal tributary flow into the 

sapheno-femoral junction at the ostium level?
• Are there any perforating veins from the 

superficial or deep common femoral vein?
• The course of the great saphenous vein under 

the skin (best drawn with a marker).

The object of treatment of the incompetent 
sapheno-femoral junction with incompetent ter-
minal valve is to interrupt the recirculation at the 
highest reflux source. At the same time, a small 
flow of blood must be maintained in the great 
saphenous vein to prevent it from becoming 
occluded by thrombosis. For this reason, the 
inguinal tributaries must not be interrupted, only 
the sapheno-femoral junction (see Figs. 7.3 and 
7.4). The inguinal tributaries empty into the great 
saphenous vein and ensure sufficient blood flow 
to prevent phlebitis. After the operation, this 
blood flow is redirected to the nearest distal 
 perforating vein (see Fig. 7.5). The crossotomy is 
different from the distal ligation of the great 
saphenous vein as depicted in Fig. 7.6, which is 
considered a technical failure.

From a surgical point of view, leaving the 
inguinal tributaries untouched is more difficult 
than a classic crossectomy. The veins must be 
exposed, and the sutures passed under the 
inguinal tributaries one by one, until the noose 

Fig. 7.1 Diagram of the SFJ with the confluence of super-
ficial inguinal veins: Brown—Great saphenous vein, 
Yellow—Pudendal vein, Green—Epigastric and circumflex 
iliac veins, Purple—Anterior accessory saphenous vein, 
Blue—Common femoral vein. With permission by [1]

AASV

GSV

Anterior wall
of CFV  

Circumfl. veins 

Epig. vein

SFJ

Fig. 7.2 Intraoperative site with exposed sapheno-femo-
ral junction. The deep external pudendal artery crosses the 
great saphenous vein distal of the sapheno-femoral junc-
tion. Followed by: legends on the image, colours analo-
gous to Fig. 7.1. Epig. vein epigastric vein, Circunfl. vein 
circumflex iliac vein, GSV  great saphenous vein, 
SFJ sapheno-femoral junction. With permission by [1]
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can be drawn tight round the sapheno-femoral 
junction. Ideally the sapheno-femoral junction 
should be severed. Sometimes, some of the 
inguinal tributaries have to be severed into the 
bargain.

The reflux source in the groin is generally the 
sapheno-femoral junction. The reflux is 
N1 → N2, from the deep vein system to the great 
saphenous vein (shunt type 1 or 3). However, the 
tributaries of the confluence of superficial ingui-
nal veins may be incompetent as well or instead 
(pelvic shunt type 4 and 5). These have to be 
treated by ligation of the pelvic leak point (see 
Chap. 8).

Even if no incompetence is found in ultra-
sound, one or more very large veins may 
appear intraoperatively. After successful liga-
tion of the sapheno-femoral junction, the 
patient should be asked to perform a Valsalva 
manoeuvre. If any vein fills more than the rest, 
it should be severed and excised, to prevent 
persistence of the recirculation after the 
intervention.

Figures 7.7, 7.8, 7.9, 7.10 and 7.11 demon-
strate the surgical steps of a crossotomy with 
double ligation of the saphenous vein directly at 
the ostium level and without disconnection.

Fig. 7.3 Double ligation of the sapheno-femoral junction 
central of the confluence of superficial inguinal veins

Fig. 7.4 Image as in Fig. 7.2 showing the site of the dou-
ble ligation. With permission by [1]

Fig. 7.5 Image as in Fig.  7.2 showing the flow in the 
great saphenous vein after double ligation at the ostium 
level: physiological flow from the inguinal tributaries 
draining into the distal saphenous vein; reflux through the 
incompetent terminal valve is interrupted. With permis-
sion by [1]

Fig. 7.6 Ligation of the great saphenous vein distal of the 
confluence of superficial inguinal veins. Technical error 
and not crossotomy according to CHIVA.  With permis-
sion by [1]
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7.2.2  Technical Notes Concerning 
the Crossotomy

Crossotomy or sapheno-femoral junction high 
ligation represents a fundamental step in the 
treatment of chronic venous disease according to 

the CHIVA strategy. A small incision is per-
formed at the inguinal crease.

By sharp dissection, the superficial fascia is 
opened, and the great saphenous vein identified 
and dissected together with its junctional tributar-
ies (the superficial epigastric vein, superficial 
external pudendal vein, superficial circumflex 
iliac vein, anterior and posterior accessory saphe-
nous veins).

The deep external pudendal artery, branch of 
the femoral artery, often encircles the 
 sapheno- femoral junction. In a cadaveric investi-

Fig. 7.7 The skin in the right groin was opened with a 
short incision, and dissection of the junction has been per-
formed. A loop is placed around the great saphenous vein. 
The green arrow shows the epigastric vein, the black 
arrow shows the circumflex vein and the beige arrow 
marks the sapheno-femoral junction (SFJ), below the axis 
GSV—cranial tributaries (SFJ not clearly visible here)

Fig. 7.8 The SFJ tributaries are not severed, but a non- 
absorbable suture is passed underneath them. The non- 
absorbable suture has been passed under all the inguinal 
tributaries. The sapheno-femoral junction is now visible 
when we pull on the suture (arrow)

Fig. 7.9 A second non-absorbable suture is passed under 
the tributaries like the first. By pulling gently on the 
sutures, we can expose the sapheno-femoral junction

Fig. 7.10 The first knot is tied as close as possible to 
the common femoral vein, without constricting it. The 
knot must be pulled very tight to prevent the formation 
of a filiform lumen afterwards
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gation, its presence was demonstrated in 92% of 
cases, with a duplication in 46% of patients. 
Exceptionally, in case of high femoral arterial 
bifurcation, the profunda femoris artery may 
cross over the sapheno-femoral junction: a fea-
ture that must be taken into consideration in order 
to avoid damaging the artery. This condition is 
always visible prior to the intervention during the 
ultrasound exploration (see Fig. 7.12).

The same anatomical localization of the junc-
tion can change quite significantly. According to 
the investigation of Mirjalili, the centre of the 
junction is usually located 2.4  +  0.6  cm lateral 
and 1 + 0.9 cm inferior to the pubic tubercle, the 
junction is inferior to the pubic tubercle in 90% 
of cases, while in 10% of cases, it’s actually 
above it [2]. According to the literature, an aver-
age of 3.7 tributaries enter the junction in prox-
imity of the terminal and preterminal valves. No 
significant differences in this anatomic feature 
are reported related to age or gender [3].

During the dissection of the sapheno-femoral 
junction, it’s highly improbable to encounter ner-
vous structures. The cutaneous innervation of this 
area is provided by nerves from the crural branch 
of the genito-crural nerve, but this latter runs far 
from the junction.

In case of crossotomy, no tributaries should 
be interrupted. Only refluxing tributaries are 
interrupted in the same procedure, when closing 
the SFJ for reflux through the incompetent 
 terminal valve. This will be sorted out preopera-
tively during the ultrasound exploration or dur-
ing the intervention as explained above (Valsalva 
after closure of the knot at the level of the termi-
nal valve).

If there are refluxing tributaries in addition to 
an incompetent terminal valve, these tributaries 
are usually ligated by 3/0 or 4/0 absorbable 
threads. Some authors use to interrupt the tribu-
taries always in the context of the high ligation of 
the sapheno-femoral junction, but recent evi-
dence shows that avoiding the ligation of the 
tributaries is associated with a significantly 
decreased risk of recurrence [4].

In the context of the crossotomy or high liga-
tion, the sapheno-femoral junction can be sev-
ered or not. Mostly in case of ambulatory-performed 
intervention, the surgeons tend to leave the junc-
tion interrupted by knots, but not cut, as shown in 
Figs. 7.10 and 7.11. In case of severing it, after it 
has been carefully exposed on all its sides, the 
distal end of the great saphenous vein is ligated 
by a 2/0 absorbable thread. The closure of the 
femoral vein can be performed by different 

Fig. 7.11 From a different angle, both ligations are in 
place. A small gap is left between them. Note: Pictures 
taken by Dr. Michael Martin, intervention performed by 
Dr. Andreas Hildebrandt during a CHIVA course. All 
images with permission by [1]

Fig. 7.12 High femoral artery bifurcation with crossing 
over of the deep femoral artery over the sapheno-femoral 
junction. GSV great saphenous vein, FV femoral vein, 
CFA common femoral artery, DFA deep femoral artery
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 techniques: running suture, ligation of the saphe-
nous vein with or without transfixing stich or clip 
application.

Franceschi and Delfrate [5] have described 
technical variants including a titanium clip appli-
cation flush on the femoral with a 2/0 triple non- 
absorbable braided ligation vs. a 0 monofilament 
non-absorbable one.

The use of different sutures and sapheno- 
femoral disconnection techniques remains a still 
debated topic, also when applying high ligation 
and stripping. Previous studies demonstrated not 
significant differences among oversewing the fem-
oral vein with polypropylene sutures and standard 
transfixion with absorbable suture [6]. No different 
recurrence rate was reported also when comparing 
standard SFJ ligation with a running inverting 
suture on the femoral venotomy [7], while a contra-
dictory outcome was reported by Frings demon-
strating a decreased recurrence rate by closing the 
endothelial stump by a running oversewing [8].

Recently it was demonstrated that limiting 
the extent of the dissection and applying a tita-
nium clip were associated with a decreased 
recurrence rate in comparison with traditional 
ligation in a CHIVA setting [9] (Fig.  7.13). 
Technically it’s always preferable to choose a 
right-angle titanium clip applicator device ver-

sus a linear one. Indeed, the right-angled shape 
facilitates the clip apposition in case of small 
surgical accesses.

Once the high ligation has been completed, 
closure of the fascia and of the skin is performed. 
Subcuticular sutures can lead also to an aesthetic 
outcome totally satisfying, and if the incision was 
kept small, no scars related to the procedure can 
be detected even shortly after the procedure.

7.3  Surgery in Case of Pelvic 
Leak Points

Chapter 8 is dedicated to this very complex 
pathology with diagnostic considerations and 
surgery skills.

7.4  Surgery at the Sapheno- 
Popliteal Junction

Operations on the sapheno-popliteal junction 
are the type of CHIVA operation which has been 
least investigated. The great variability of the 
junction (see Sects. 4.6 and 6.7), the readiness 
with which the small saphenous vein suffers 
recanalization even when some centimetres are 

Fig. 7.13 Titanium clip visualization at the postoperative ultrasound longitudinal scan (a) and trnsversal scan (b). The 
clip is correctly applied since flush to the femoral vein [9]
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removed and the many inflows from muscle 
veins, which have no valves to separate the deep 
vein system from the small saphenous vein, 
make it difficult to standardise procedures.

For these reasons, great care must be taken in 
the ultrasound examination before operating, to 
spare the patient complementary operations. The 
actual operation must be clearly discussed by the 
ultrasound examiner and the surgeon; resection 
between the two ligations must be discussed in 
particular detail.

Duplex examination of the sapheno-popliteal 
junction must answer the following questions:

• Where is the SPJ? In the upper or lower part of 
the popliteal region, or to one side?

• Is the reflux source in the Giacomini vein, the 
SPJ or both? Note: Flow from the vein of 
Giacomini towards the foot can be physiologi-
cal; the question here is the duration and the 
shape of the curve, particularly as compared to 
the reflux curve in the small saphenous vein.

• How big is the calibre of the vein of Giacomini?
• Do any muscle veins flow into the small 

saphenous vein distal of the SPJ? (There are 

no valves to separate the deep vein system 
from the small saphenous vein, so recircula-
tion may be maintained through these veins 
despite ligation of the SPJ.)

As with the sapheno-femoral junction, the 
small saphenous vein must be ligated at the deep 
leg vein. Unlike the groin, however, in CHIVA, 
the sapheno-popliteal junction is always severed, 
and the segment of some centimetres is excised, 
as there is no confluence of superficial inguinal 
veins in which the tributaries must be left entirely.

However, this classic interruption directly at 
the deep leg vein does not always produce the 
desired outcome. As explained in detail in Sect. 
6.7, it may be necessary to interrupt the small 
saphenous vein below the distal muscle veins 
(see Fig.  7.14a) or distal of the junction of the 
Giacomini vein (see Fig.  7.14b). This decision 
must be taken before the start of the intervention 
basing on the ultrasound results.

Even after ligation with non-absorbable suture 
and exhairesis of a segment 2–4  cm long and 
postoperative control of properly closed vein, 
after months to years, a new vessel in the fascial 

a b

Fig. 7.14 (Legends see 
Fig. 6.19.) (a) Condition 
after severance of the 
SSV below the muscle 
veins. (b) Condition 
after interruption of the 
SSV below the 
Giacomini vein. With 
permission by [1]
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compartment with reflux has been observed by 
the author. In the reoperation, the sutures in the 
vein walls have been found; the vessel was inves-
tigated by histology and no muscle cells found—
thus a neovessel was suspected. As the fascial 
compartment of the small saphenous vein may 
act as the principal structure triggering neoves-
sels, possibly stitching the fasciae together 
between the two resection stumps could avoid 
this problem (see Fig. 7.15).

7.5  Operation for Incompetence 
of the Anterior Accessory 
Saphenous Vein

The anterior accessory saphenous vein (AASV) 
has a special place among leg veins: its distal ori-
gin is epifascial, making it an N3 vessel. It 
receives flow from the distended subcutaneous 
venous network of the outer leg and the thigh. It 
pierces the fascia around 10–30 cm distal of the 
sapheno-femoral junction, and its course over the 
proximal section is interfascial, like the great and 
small saphenous veins, and so in this section, it 
should be classified as N2.

Surgical treatment of the distal segment of the 
anterior accessory saphenous vein, this means the 
N3 section, is explained in Sect. 7.10. Criteria for 
treating an incompetent anterior accessory saphe-
nous vein are discussed in Sect. 6.5.2. Treatment 
of an incompetent anterior accessory saphenous 
vein junction will depend on the condition of the 
great saphenous vein. When a crossotomy is car-
ried out for incompetence of the terminal and 
preterminal valve, and the AASV is also incom-
petent, the latter must also be interrupted (see 

Fig. 7.16a). In case the epigastric vein drains into 
the AASV, it is best to either interrupt it or close 
the AASV distal to the junction with the epigas-
tric vein to allow drainage of the epigastric and 
circumflex vein blood into the deep vein after the 
intervention.

In case only the terminal valve is incompetent, 
with reflux escaping through the AASV, with 
competent distal GSV, the lateral crossotomy is 
enough (see Fig. 7.16b). The AASV is exposed, 
and a flush ligation is performed at its junction to 
the great saphenous vein with excision of a short 

V. of
Giacomini 

SSV

Fascial comp

Popl. v.

a bFig. 7.15 (a) Condition 
after interruption of the 
SSV below the 
Giacomini vein with 
empty fascial space. (b) 
Proposed suture closing 
the fascial space to avoid 
a neovessel in the empty 
space. With permission 
by [1]

a

b

Fig. 7.16 (a) Operation for incompetence of the GSV 
and the AASV: crossotomy (pink) and in addition (red) 
ligation and resection of the proximal segment of the 
AASV. (b) Operation for incompetence of the AASV 
alone: interruption of the proximal segment of the AASV 
without touching the GSV. With permission by [1]
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segment of the AASV.  The sapheno-femoral 
junction must not be ligated, since in that case, 
the healthy great saphenous vein would have no 
drainage. Ligation of the sapheno-femoral junc-
tion would cause phlebitis in the healthy great 
saphenous vein. The incision should be made as 
far lateral as possible, so that if the great saphe-
nous vein should later become incompetent, the 
crossectomy will not be hindered unnecessarily 
by scar tissue.

7.6  Recurrence in the SFJ 
and SPJ After CHIVA

The first control, some weeks to months after 
CHIVA, serves to state, if the patient haemody-
namics are drained and non-refluxing. A missed 
flow conversion after CHIVA 2, the consequence 
of a tactical or technical error (not ligating the 
correct vein, overseeing a perforating vein), or a 
procedure planned in two steps will need a sec-
ond short intervention to finish the treatment. 
This is not the treatment of a recurrence—but fin-
ishing our project.

A recurrence at the junction is meant, when, 
after the postoperative examination 6  weeks 
after ligation of the SFJ or SPJ, the junction is 
found to be closed or antegrade flowing, and 
there is no longer reflux. The veins have reduced 
their calibre. After a period of months or years, 
the patient presents again with varices, and the 
sapheno- femoral junction perfused in retro-
grade flow. The patient notices the problem due 
to the development of new varicose veins or 
because his old varicose veins are filling again. 
As mentioned previously, we have unfortu-
nately had to carry out repeat CHIVA opera-
tions on these junctions on occasion.

In this case the surgical approach is different 
from that in recurrence in the SFJ/SPJ after strip-
ping. Either the crossotomy has failed, with a 
(seldom) recanalization, or a pelvine reflux will 
fill the distal GSV or through the Giacomini vein 
the SSV.  In case the crossotomy place itself 
shows a new reflux, and to avoid a new incision 
in the scar, endoluminal heat or glue could be an 
alternative to close the saphenous vein. Some 

devices offer the possibility to apply sclerother-
apy through the endoluminal device, so that the 
feeding tributaries (in case of Giacomini vein 
reflux or pelvic reflux) could be treated with 
sclerotherapy through the catheter.

A re-intervention in case of recurrence in the 
SFJ or SPJ after CHIVA is not so demanding for 
the surgeon as recurrence after stripping. The 
great saphenous vein is unmistakably the princi-
pal structure helping for orientation.

7.7  Surgical Treatment 
of the Saphenous Veins

The saphenous vein courses beneath the saphe-
nous fascia, which is the reason why it cannot 
generally be hooked. Exceptions may be found in 
thin patients, or occasionally in the lower leg, 
where the fascia can be opened with a puncture 
scalpel.

If the great saphenous vein has to be severed, 
it is necessary to open the fascia and expose the 
vein. It is also not worth trying to find the great 
saphenous vein through a point incision. In the 
region of the great saphenous vein, there is often 
a parallel vein coursing through the subcutaneous 
fatty tissue, which may be hooked and exposed 
through a point incision and mistaken for the 
great saphenous vein. The diameter may appear 
rather small, but vasospasms may also be 
observed in the groin, so this mechanism may 
produce an analogue effect. The surgeon is 
pleased to have found the GSV with such a small 
incision. Unfortunately, the postoperative exami-
nation shows that the desired outcome has not 
been achieved and that the great saphenous vein 
remains untouched in its compartment.

If it is proposed to ligate the great saphenous 
vein below a perforating vein or a tributary, this 
perforator must be identified during exposure, to 
ensure that the ligation is applied on the distal 
side.

All ligations of saphenous trunk veins and 
their tributaries must include severance and exci-
sion of a short segment, to prevent the vein from 
re-establishing continuity in so far as possible. 
Non-absorbable suture should be used.
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7.8  Flush Ligation 
of the Tributary at the Level 
of the Saphenous Vein 
(CHIVA 2 Point)

The first step of the CHIVA 2 procedure is to 
interrupt recirculation at the CHIVA 2 point, 
which means at the distal exit point of blood from 
the saphenous trunk vein (see Sect. 6.4.1).

After a careful marking on the skin, a longitu-
dinal incision is performed. The tributary is 
hooked and marked with a loop. Then the tribu-

tary is followed to meet the saphenous vein. This 
is exposed and denuded, and the tributary is inter-
rupted directly at the trunk vein, without leaving 
a stump. The tributary must be interrupted flush 
with the trunk, so that no stump or “tent” is 
allowed to form (see Fig. 7.17). The first centi-
metres of the tributary are then excised.

A CHIVA 2 interruption cannot be performed 
without exposing the saphenous trunk. Hooking 
the tributary “as close as possible to the great 
saphenous vein”, which is often so tempting, 
almost always results in the formation of a stump 
with new varicose veins or matting in the postop-
erative evolution.

Convolutes or the complete tributary con-
nected with the CHIVA 2 point might be extracted 
or only some centimetres of the tributary, as to 
the preference of the surgeon and the patient.

7.9  Devalvulation

As explained in Sect. 6.4.2, sometimes it is 
helpful to destroy the valves of a segment of the 
great saphenous vein to achieve a stable, drained 
situation and to avoid several interventions 
(CHIVA 2). Prior to the intervention, the diam-
eter of the vein has to be measured to choose the 
correct size of devalvulator. The devalvulator is 
introduced into the saphenous vein via the tribu-

GSVTributary

Fig. 7.17 The saphenous vein is exposed after opening 
the saphenous fascia; a clamp has been passed underneath 
for better visualisation. The tributary has been flush 
ligated at the level of the wall of the saphenous vein; the 
tributary will suffer resection for some centimetres to 
avoid a recanalization. With permission by [1]

a

b

c

Fig. 7.18 (a) 
Devalvulator. (b) Detail 
of the head of the 
devalvulator. (c) 
Introduction of the 
devalvulator via the 
tributary. A loop has 
been passed under the 
proximal, refluxive GSV, 
the tributary is clamped 
and the devalvulator is 
introduced via an 
incision on the tributary 
into the distal, 
competent GSV. Images 
with permission to be 
printed by Dr. Roberto 
Delfrate, Cremona
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tary, which will be interrupted in the same ses-
sion (see Sect. 7.8 and Fig.  7.18). The 
devalvulator smoothly advances in retrograde 
fashion through the saphenous vein until being 
stopped by a competent valve. With a gentle 
push, the valve is destroyed by pressure; the 
devalvulator is passed again through the same 
valve to make sure there is no rest of the valve 
hindering the passage. This is repeated until all 
the valves in the segment are treated. At the end 
of the procedure, the segment is washed with 
heparin solution, for example, injecting 10 mL 
sodium heparin 1000 IE/100 mL. Nevertheless, 
a thrombosis in the first weeks after the inter-

vention in the devalvulated segment is normal. 
These thrombi resolve in the next months.

Technically, there are two options (see Sect. 
6.4.2): one is the devalvulation between two 
refluxive segments of GSV (type A) and the other 
the devalvulation between the draining tributary 
and a perforator (type B).

In case a competent saphenous vein segment 
between two refluxive tributaries is to be deval-
vulated (type A), the tributary will be interrupted 
at the proximal and distal end of the competent 
segment, and the devalvulator will be introduced 
at the proximal end until it reaches the distal end 
(see Fig. 7.19b).

a

c

b d

Fig. 7.19 Technical details of devalvulation in Type A: 
(a) GSV with two refluxing segments, separated by an 
antegrade segment. (b) Situation after surgery including 
devalvulation: after crossotomy and disconnection of the 
tributary and devalvulation of the antegrade segment (now 
orange), a drained situation is achieved draining into the 

distal draining perforator (Type A) (c) or into a physiolog-
ical perforator (Type B). Compare Fig. 6.8. (d) Detail of 
the procedure: the devalvulator (orange) is introduced via 
the proximal end of the refluxing tributary into the ante-
grade GSV (compare Fig. 7.18). Copyright: (a) With kind 
permission from [1], the others are new for this book
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In case the devalvulation is to be performed 
between the distal refluxing tributary and the next 
perforating vein, the progression of the  devalvulator 
is controlled percutaneously until the preopera-
tively marked point on the skin is reached (see 
Fig. 7.19c).

7.10  Treatment of Tributaries 
Apart from a CHIVA 2 Point

Refluxing tributaries often need to be severed 
where they join the saphenous vein, even if 
there is no CHIVA 2 point. This is the case of a 
shunt type 1 + 2: drainage from the GSV via a 
perforating vein and an additional refluxing trib-
utary. These can be hooked through a small 
point incision, ligated, severed and 2 cm excised. 
In this case it is sufficient to operate as close as 
possible to the trunk; it is not necessary to 
expose the trunk at the tributary junction, which 
means, no “flush ligation” has to be performed.

The technique of a point incision and hook-
ing the vein with a hook devoid of sharp borders 
is also used with all other tributaries. As the vein 
should not be destroyed, sharp devices should 
be avoided. An alternative to surgical (often 
sharp) hooks is found in stainless steel crochet 
hooks. Absorbable suture can be used in these 
regions.

Prior to intervention the decision has to be 
taken together with the patient, if the tributaries 
will only be interrupted at their origin and to 
reduce the pressure column or a phlebectomy will 
be performed. Depending on these decisions, the 
tributary will be marked on the skin preopera-
tively in standing position. It is helpful for the sur-
geon, if based on the ultrasound investigation the 
points are marked, where the tributary runs next to 
the skin, as this is not visible in lying position.

7.11  Perforating Veins

Re-entry perforating veins are not interrupted in 
CHIVA.

If a perforating vein itself is a reflux source, it 
must be interrupted. The vein is exposed, ligated 
and severed as normal in traditional surgery. 

Special care must be taken in CHIVA not to inter-
rupt the saphenous vein, if not part of the strat-
egy, and to close the fascia with non-absorbable 
suture.

Please note that combining surgery with 
sclerotherapy (see Sect. 7.12.4.1) can optimize 
the effects of interruption on perforating veins.

7.12  Sclerotherapy and CHIVA

7.12.1  Introduction to Sclerotherapy

The use of sclerotherapy, an obliterating treatment, 
matches paradoxically with CHIVA  strategy in 
particular cases, but it must be applied correctly.

The goal of sclerotherapy is to obliterate a 
vessel, thanks to an endothelium lesion provoked 
by chemical substances. The exposition of the 
sub-endothelial collagen provides the conditions 
for thrombus formation, well fixed to the wall 
due to the inflammatory process.

7.12.2  Sclerosing Agents 
and Application

Different sclerosing agents are available, spe-
cially detergents and dehydrating substances. 
Among the dehydrating substances, the follow-
ing are applied:

• Hypertonic as the saline solution (sodium 
chloride to 20%)

• Not hypertonic as salicylate and glycerol that 
interact with the wall by opening the water 
channels with cellular dehydration of the 
endothelium

Most often detergents are used in the context 
of sclerotherapy, specially polidocanol. They 
attack the cell wall proteins disrupting the mem-
brane of the endothelium. They are divided into 
anionic and non-anionic:

• Anionic as sodium tetradecyl sulfate (e.g. 
Trombovar®, Sotradecol®, Tromboject®)

• Not anionic as polidocanol (Aethoxysclerol®, 
Sclerovein®, Asclera®)
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The detergents have the property that they are 
quickly deactivated when in contact with blood: 
plasma proteins bind the detergent within sec-
onds. Detergents can be used in two different 
forms: liquid and foam.

 1. Liquid application: The substance mixes quickly 
with blood, so the inactivation is achieved within 
seconds. This makes it less aggressive as com-
pared to foam and gives it a delimited indication, 
specially to treat small vessels.

 2. Foam application: Foam has a high cohesion 
itself, with the tendency of completely filling 
the room where it is introduced, displacing the 
blood. This filling possibility has its limits in 

large vessels. The contact time with the vein 
wall is higher for foam than for liquid. The 
inactivation will only work on the surface of 
the foam, leaving a higher active time to the 
sclerosing agent within the foam. This makes 
the foam more aggressive compared to the liq-
uids that mix with the blood and allows a 
sclerotherapy of larger vessels than spider or 
reticular veins.

There are different ways to prepare foam, using 
different components. The most often used way is 
the wet foam by Tessari [10] or sometimes dry 
foam according to Monfreux [11], explained in 
Fig. 7.20 and in the first part of Table 7.1. In the 

a b

c

Fig. 7.20 (a) To 
prepare Tessari foam, 
2 mL of sclerosing agent 
is introduced in a 10 mL 
syringe, added by 8 mL 
of air. (b) This syringe is 
connected to another 
empty 10 mL syringe by 
a three-way stopcock. 
The content of the 
syringe is pushed back 
and forth manually, until 
a homogeneous foam is 
achieved. (c) The 
three-way stopcock can 
be positioned at 90° 
(left) or slightly turned 
(right). In this case, the 
lumen for the foam to 
pass is less, and the 
foam will have bubbles 
of lesser diameter. (d) 
Take a smaller syringe 
to extract 2–3 mL of 
foam for an application. 
(e) Never apply more 
than 3 mL with one 
injection
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author’s experience, sometimes a foam with higher 
consistency is necessary; the way to manufacture 
it is also explained in the second part of Table 7.1.

7.12.3  Effect of Sclerotherapy 
on the Vein

In the optimal case, the sclerosing agent provokes 
an endothelial lesion, which induces a vein wall 
inflammatory process and a subsequent thrombus 

formation inside the vessel, well adhered to the 
vein wall. The end-point of this process is the 
vein obliteration after thrombus organisation by 
granulation tissue.

In case of an extensive lesion of the vein wall, 
involving not only the endothelium but also the 
external part of the media and the adventitia 
layer, no granulation tissue will be involved: the 
vasa vasorum from the adventitia layer will 
spread into the thrombus and provoke thrombus 
lysis and early recanalization prior to the forma-

Table 7.1 Properties of sclerotherapy foam

Foam according to Tessari Dry foam according to Monfreux
Preparation 4 parts of air and 1 part of liquid, 

according to Tessari’s method (see 
Fig. 7.20)

8 parts of air and 1 part of liquid (this 
makes 9 mL filling in a 10 mL syringe)

Concentration All concentrations of sclerosing agent 
can be used

Only high concentrations of sclerosing 
agent

Foam stability Low foam stability, hence action time 
is reduced with disactivation within 
some seconds

High stability, hence increased action time

Diffusion inside the vessel High diffusion in the vessels, as it has 
a low viscosity with bubbles of 
different sizes

Low diffusion of the foam because of its 
high viscosity with small homogeneous 
bubbles, so the progression is controllable 
by stopping the application

Application Extended sclerosing action over a 
long distance, e.g. long tributaries, 
saphenous veins (not in CHIVA 
context)

When powerful action is needed 
punctually with control of the extension 
inside the vessel
  • Recidives of the sapheno- femoral 

junction after stripping
  • Closure of a perforator
  • Closure of the origin of the anterior 

accessory saphenous vein

d e
Fig. 7.20 (continued)
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tion of fibrous organisation. Still, sometimes 
after the recanalization of a vein after sclerother-
apy, we find a calibre reduction and sometimes 
not. Eccentric compression reduces the calibre in 
very superficial vessels and hence possibly the 
thrombus dimensions.

7.12.4  Sclerotherapy as a Tactic 
in the CHIVA Strategy

7.12.4.1  Sclerotherapy in the Context 
of Perforator Treatment

In the seldom case that a perforator must be dis-
connected according to CHIVA strategy, one of 
the main targets is not to leave any stump after 
treating an escape point, because it would be a 
source of recurrences.

Perforators show different characteristics that 
have to be analysed prior to decide how to treat 
them.

• Which veins are connected? We distinguish
 – Perforators connecting the saphenous vein 

(N2) with the deep vein (N1). These can be 
short and without tortuosity—which allows 
a surgery with little trauma to surrounding 
structures. These can also be long and tor-
tuous, as it is often the case with perforat-
ing veins at the medial aspect of the thigh.

 – Perforators connecting tributaries (N3) 
with the deep veins (N1).

• Is the perforator mono- or multitroncular?
 – Monotroncular perforator: We can find 

only one vein connecting the deep and the 
superficial vein, without branching at the 
subfascial level.

 – Multitroncular perforator: The perforator 
branches between the deep and the superficial 
vein connecting the same or different superfi-
cial or deep veins (see Fig. 7.21).

When a perforator is disconnected with a sur-
gical procedure, even if subfascial, often a stump 
is left (see Fig. 7.21). Therefore, the optimal indi-
cations for surgery of perforators without leaving 
any stump are the following:

 1. Short perforators without branching (e.g. 
Cockett perforators in thin people)

 2. A peculiar refluxing multitroncular perforator 
represented by a perforator of an internal 
pump collector (vein connecting the posterior 
tibial vein with a soleus muscular vein) (see 
Fig. 7.21g)

All the other perforators could be treated with 
sclerotherapy in addition to surgery or sclerother-
apy alone to avoid leaving a stump or other 
refluxing branches in case of multitroncularity—
without provoking the large lesion necessary to 
do a radical surgery.

Hence the indications of perforator sclerother-
apy in CHIVA treatment depend on the length of 
the subfascial tract and the types of multitroncu-
larity and the superficial vein to which the perfo-
rator is connected.

 1. Treatment of perforating veins connecting 
N1–N2

The first step is the surgical disconnection 
of the perforator from the saphenous trunk to 
avoid the extension of the sclerosing action to 
the saphenous trunk, afterwards introduction 
of a small catheter in the subfascial perforator 
and injection of liquid, low-concentrated scle-
rosing agent. Foam should not be used to 
avoid longer persistence in the deep vein with 
subsequent risk of deep vein thrombosis.

Sclerotherapy as a Tactic in CHIVA Strategy

 1. For treating selectively the escape points, 
N1-N2/N3 are difficult to manage with 
surgery, unless an extensive surgical pro-
cedure with risk of functional damage 
and not good aesthetic results
 (a) Some perforators
 (b) Sapheno-popliteal junction in some 

cases
 2. Pelvic shunts with low flow
 3. Treatment of peculiar shunt II
 4. For remodelling the saphenous haemo-

dynamics (1° Step CHIVA 2)
 (a) Small tributaries
 (b) Tortuous tributaries
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Fig. 7.21 Types of multitroncular perforators and clas-
sical treatment errors. (a) Type IA: one refluxive perfora-
tor connected with the deep vein and branching to feed 
the same superficial vessel with two arms. In this case, 
the perforator branches above the fascia; this can also 
happen below, in the muscular compartment. (b) Surgical 
treatment with stump. Surgical disconnection of the per-
forator on subfascial level. This leaves a stump between 
the disconnection point and the deep vein (light green 
area). (c) Type IB: one refluxive perforator connected to 
the deep vein, division of the refluxing perforator at sub-
fascial level and feeding two different superficial vessels 
with reflux. (d) Interruption of only one of both branches 
of the perforator. The reflux in vein 2 is interrupted; 
reflux in vein 1 will persist. The correct way would be to 
interrupt both parts of the tributary—which would be 
achieved if the perforator would have been prepared 
until the connection to the deep vein or if the branching 
would have been made clear by ultrasound prior to the 

intervention. (e) Type II A: two branches of the refluxing 
perforator part from one deep vein to feed one superficial 
vein. (f) The subfascial disconnection of the perforator 
(unitroncular at this level) will lead to a stump with two 
connections to the deep vein. (g) Type IIB: the refluxive 
perforator connects to a superficial vein, feeding it 
refluxively (red arrow), but is also connected through 
another branch to another deep vein, without reflux. This 
is often the case in refluxive perforators of the inner 
aspect of the calf. The deep multitroncularity can involve 
pump collectors (e.g. vessels connecting soleus veins 
with posterior tibial veins or peroneal veins). (h) In this 
case, the subfascial disconnection of the refluxing perfo-
rator results in abolition of the insufficiency point for the 
superficial vein and in a stable, draining condition for the 
perforator, which is drained in the same deep compart-
ment into another deep vein. (i) Ultrasound example of a 
multitroncular, subfascial perforating vein. Images (a–h) 
prepared by Massimo Cappelli

Type IA

Superficial Vein (R2 / R3)

Muscle Fascia

Perforator

Deep Vein(R1)

Type IA Treatment

Surgical disconnection

Stump

Type IB

Superficial Vein (R2 / R3)

Muscle Fascia

Perforator

Deep Vein(R1)

Type IB Treatment

Superficial Vein (R2 / R3)

(R1)

a b

c d

Deep Vein
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Fig. 7.21 (continued)
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Then perform an activation of the calf 
pump to wash the deep vein and promote the 
inactivation of the sclerosing agent at this site. 
In the experience of the author, this method 
allows a satisfactory closure of the perforator 
without stump and avoiding large surgery.

 2. Perforators connected to a superficial tributary 
(N1–N3):
 (a) No saphenous vein involved: Usually 

these perforators and tributaries are not 
too large and could be treated with foam 
sclerotherapy in one session without the 
need of surgery. In case the perforator is 
large, the surgery combined with sclero-
therapy technique could also be applied 
here (see 1).

 (b) Refluxing perforator fills a tributary, 
which shortly after joins a saphenous 
vein. This saphenous vein is incompetent 
as a result of this perforating vein. 
Surgical disconnection of the tributary en 
niveau of the saphenous vein and sclero-
therapy of the tributary

7.12.4.2  Treatment of the Sapheno- 
Popliteal Junction 
with Sclerotherapy

In case of the sapheno-popliteal junction, we often 
find the same difficulties to perform a flush ligation 
at the level of the deep vein (see Sect. 7.4). Some 
surgeons consider it is not worth it to risk neurologi-
cal lesions, DVT and bad aesthetic results because 
of a large incision, just for treating varicose veins.

The consequence is that a lot of stumps are left 
after surgical treatment with high rate of recur-
rence, especially if we had a systolic reflux.

The same can happen, when disconnecting the 
short saphenous vein distally to the first tributary 
of the junction, which might be the thigh exten-
sion of the short saphenous vein or the Giacomini 
vein. If the tributary is large and well drained, the 
stump will be washed. In case of a

 1. Competent Giacomini vein (the flow is 
towards the great saphenous vein)

 2. Thigh extension of the small saphenous vein 
with a small calibre compared to the calibre of 
the saphenous arch

the stump will be poorly washed and could be the 
source of recurrence.

The sclerotherapy will allow to obliterate the 
escape point flush with the popliteal vein. The 
procedure is the same as explained for the saphe-
nous perforator treatment, performing the surgi-
cal disconnection first and then applying liquid 
low-dose sclerotherapy and performing calf 
movements afterwards for a better washout of the 
deep vein. This technique impedes the stump for-
mation in the experience of the author.

7.12.4.3  Pelvic Shunts with Low Flow 
and Sclerotherapy

Pelvic reflux is discussed in Chap. 8, as well as 
surgical options are presented.

In case of low flow through the pelvic leak 
points, a sclerotherapy has shown to be helpful to 
avoid a surgical intervention. To protect the 
saphenous trunk, either the connection between 
the refluxive tributary with the saphenous vein 
should be interrupted first or the saphenous vein 
must be thoroughly compressed to avoid scleros-
ing agent dripping inside.

Best indications for sclerotherapy in case of 
pelvic leak points are the dorsal leak points (glu-
teal) and the perineal or inguinal points with a 
long subcutaneous run prior to drain into the 
saphenous vein.

7.12.4.4  Treatment of Tributaries 
Connected to the Saphenous 
Veins

Treatment of tributaries with sclerotherapy at their 
confluence to the saphenous vein is possible 
instead of surgery in case of small very superficial 
vessels or tributaries of the saphenous trunk with a 
very deep connection to the saphenous vein due to 
a thick subcutaneous fat layer to avoid large scars:

 1. Shunt type 1 + 2 in addition to the treatment of 
the junction

 2. Shunt type 2 where the tributary is the only 
refluxing segment

 3. Shunt type 4 + 2
 4. Shunt type 3 and 5 for remodelling the saphe-

nous haemodynamics (1° Step CHIVA 2, see 
Sect. 6.4.1)
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 5. Residual visible tributaries after CHIVA
 6. Tributary recurrence after CHIVA

This treatment could be performed with 
sclerotherapy in case the tributary is small or very 
tortuous. Peripheral vessels should be treated 
with sclerotherapy without involving the 
 saphenous trunk, applying a digital compression 
at the junction (reflux outlet) or re-entry level in 
the saphenous axe. Nevertheless, in the author’s 
experience, the saphenous trunk is involved by 
the sclerosing action in 11% of the cases after 
1  week but with complete recanalization after 
3 months, generally with calibre reduction.

On the other hand, a stump of the tributary at 
the level of the junction with the saphenous trunk 
should be avoided.

According to different types of vessel connec-
tion, straight or tortuous, various compressions 
and kinds of therapy will be used. Straight junc-
tion means that the part of the vessel next to its 
connection to the saphenous vein is rectilinear; 
sometimes it runs next to it within the fascial 
compartment for some cm. It is independent of 
the fact that the more superficial part of the tribu-
tary is tortuous. We find a tortuous junction in 
case of no straight segment between the tortuous 
tributary and the saphenous vein (see Fig. 7.22).

Sclerotherapy of a Tributary 
with a Straight Junction
Refluxive tributaries with a straight junction (see 
Fig. 7.22a) can be treated under ultrasound con-
trol and with compression technique of the 

a

b
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Fig. 7.22 (a) Longitudinal section at the medial aspect of 
the thigh. Straight outlet of a tributary at the junction with 
the great saphenous vein, the last segment of the vein before 
joining the saphenous vein is rectilineous. Arrows: delimi-
tation of the fascial compartment. (b) Cross section through 
the medial aspect of the thigh: tortuous outlet of a tributary, 
the tributary is tortuous until the very point it joins the great 
saphenous vein (arrow). (c) Foam sclerotherapy of the trib-
utary, stopping at the lumen of the GSV. The foam is visible 

as a white image with ultrasound shadow below it (arrows 
pointing to the foam are located in the shadow region). (d) 
Result after sclerotherapy of a tributary with straight outlet. 
Note that the tributary is closed (filled with echogenic 
material) until the connection to the GSV, which is washed 
out by higher blood flow. (e) Result after sclerotherapy of a 
tributary with tortuous outlet. The GSV is without intralu-
minal echoes (black); the tributaries are closed with echo-
genic contents
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saphenous vein at the point of the tributary 
connection.

 1. Compression of the outlet point during injec-
tion of liquid agents: The outlet is identified 
with ultrasound and marked on the skin. Then 
a compression with a finger is performed at 
that level during the injection.

 2. Specific compression techniques for foam 
such as bending the probe compressing the 
outlet level when the foam shows up are cur-
rently being investigated using wet foam at 
low concentration and with air/liquid ratio 4:1 
(see Table 7.1)

Sclerotherapy of a Tributary 
with a Tortuous Junction
In this case, the compression applied at the junc-
tion level will involve a large part of the tributary, 
too, impeding the sclerosing action flush with the 
saphenous trunk. So, often a stump will be left. 
This problem can be avoided using dry foam (see 
Table 7.1). The needle is inserted in the tortuous 
vein, and 0.5–1  cm3 of the dry foam manufac-
tured with 2% polidocanol is applied slowly 
under ultrasound observation of the point where 
tributary and saphenous vein meet. The high vis-
cosity of the foam allows us to follow its slow 
progression. As soon as the foam reaches the con-
nection with the saphenous vein, a compression 
with the US probe at junction level is performed. 
The injection must be soft and discontinuous, 
verifying the foam movement towards the junc-
tion. Glass syringes are perfect for this purpose.

To increase viscosity, we can add glycerine to 
the sclerosing agent.

Another way to regulate the progression of the 
dry foam in the tributary towards the saphenous 
vein is applying a blood pressure cuff proximally 
to the injection point. This cuff is filled with 
80–90 mmHg before the injection. This stops the 
flow in the saphenous vein—and in the tributary. 
After applying foam to the tributary, we deflate 
the cuff slowly, supervising the foam progression 
until the junction point from the tributary into the 
saphenous vein—at this moment we leave the 
pressure for 2 min to allow an inactivation of the 
foam by blood proteins, before opening the cuff.

7.12.5  Sclerotherapy Post-CHIVA

According to the author’s experience, the use of 
sclerotherapy in post-CHIVA follow-up is 
applied in around 15% of the cases, but this value 
is going to grow up in relation to follow-up dura-
tion. The recurrence rate is less in case of drained 
saphenous trunk after therapy (see Sect. 3.5.6).

A total of 2794 previously not treated patients 
underwent CHIVA intervention on GSV between 
1991 and 2013. Of these, 22% were male and 78% 
female with ages comprised between 16 and 
88  years (mean 55 sd 14,1), 51% right legs and 
49% left legs. They were evaluated at each 
 follow- up in the office. During the follow-up (mini-
mum 1 year and maximum 22 years, mean 7 years), 
415 patients (15% of all the patients) underwent 
sclerotherapy for the following reasons:

• 134 patients had residual visible tributaries 
(sclerotherapy of the tributary)

• 25 patients for spider veins (sclerotherapy of 
the spider vein)

• 20 patients for perforating veins (sclerother-
apy of the perforator)

• 9 patients for pelvic reflux (sclerotherapy of 
the groin tributary)

• 227 patients presented new refluxing saphe-
nous tributaries (sclerotherapy of the 
tributary)

Sclerotherapy Post-CHIVA

 1. Disconnected vessels from the saphe-
nous trunk when still visible after a 
while and spider veins correlated

 2. Recurrences
 (a) Escape points N1-N2/N3 which are 

difficult to manage with surgery
 (b) Some perforators
 (c) The stump following the small 

saphenous vein disconnection in the 
popliteal area

 (d) Pelvic leak point with low flow
 (e) New refluxing vessels connected 

with the saphenous trunk
 3. Matting post-CHIVA
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All patients were controlled 2  weeks after 
sclerotherapy. In 46 cases (11%), a thrombus 
extension into the GSV was found, which remit-
ted in all cases after 3 months, leaving a patent 
GSV [12].

In case of sclerotherapy post-CHIVA in non- 
disconnected tributaries, the same techniques as 
explained in Sect. 7.12.4.4 will be applied.

7.12.5.1  Sclerotherapy 
of Disconnected Vessels

In case of the vessels remaining visible after having 
been disconnected from the saphenous vein, liquid 
sclerosing agents with low concentration should be 
used because the pressure inside the tributary is 
low, and the liquid can re-enter into the saphenous 
trunk more distally. In case of a large re-entry con-
nection, a disconnection should be considered, or 
the saphenous vein should be compressed during 
the injection (see Sect. 7.12.4.4). Excentric com-
pression should be applied after sclerotherapy.

7.12.5.2  Matting Post-CHIVA
Matting is characterized by an area of red spider 
veins as an expression of a dilation of the most 
superficial venous subpapillar network. It can 
appear after any surgical or sclerotherapeutic 
procedure. According to clinical experience, we 
can differentiate two types of matting on the time 
of appearance.

Early matting appears due to a transmural 
pressure excess in the dermic subpapillar venous 
plexus. This happens, if the veins in the leg after 
the CHIVA procedure have an increased residual 
pressure. This is the case, if after the therapy, the 
drainage path for the vessel is not appropriate to 
its diameter, generating poorly or not drained 
systems, especially in zones affected by cellulite 
(cold areas). Another reason is the vasodilation 
due to an excessive inflammatory reaction after 
too aggressive sclerotherapy.

Late matting appears after months and is a 
sign of a progressive valve incompetence of the 
peripheral vessels without re-entry (higher than 
third order of division) as a consequence of trans-
mural pressure excess related to hydrostatic pres-
sure increase. Diagnostic with ultrasound should 
search for tributaries with descending flow into 

the matting area and treat them with wet foam 
under ultrasound control with small quantities of 
wet foam.

7.13  Endoluminal Techniques 
in the CHIVA Context

Endoluminal heat techniques have become popu-
lar and are widely used as alternative to stripping. 
The most common heat sources are radial LASER 
fibres with 1470 nm and radio frequency. Newer 
techniques, like application of glue, are starting 
to claim their rights in the fan of surgical and 
interventional options.

Little is published concerning endoluminal 
heat in the CHIVA context [13, 14]; randomized 
studies are still lacking. Technically it is performed 
in the same way than under ablative aspects. The 
difference is the length of the segment to be closed. 
In case of radio frequency, the heating segment is 
6.5 cm (VNUS Closure fast®). At least this length 
has to be heated. As only one (or in case of enlarged 
veins, two) segments will be closed, it has to be 
very sure that enough energy has reached the vein 
wall. The author applies as much cycles as neces-
sary to have less than 15 W at the display of the 
device. Usually this is three, seldom four, cycles in 
the first position. In case of junction diameters 
above 10 mm, until today two segments have been 
closed. A new trial in Germany (SOS—save our 
saphenous) is testing to close only one segment 
when applying radio frequency. In case of laser, as 
rule of thumb, a length proportional to the diame-
ter of the junction has been chosen [14]. In the 
SOS study, also for LASER, an extension of 7 cm 
at the most will be used.

Ideally the tip position is distal to the last 
draining tributary of the groin. This allows the 
tributaries to drain into the deep vein, as depicted 
in Fig. 7.23.

In case of an incompetent terminal valve, the 
AASV has to be analysed preoperatively. If there 
is a reflux or a dilated AASV, perhaps this will 
become incompetent after closing the GSV distal 
to the terminal valve and tributaries. This has to 
be explained to the patients. In centres or regions 
without the possibility to apply pelvic leak point 
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surgery, endoluminal heating is an option to treat 
patients with competent terminal valve and 
incompetent preterminal valve and persistent 
reflux after CHIVA 2. The pelvic reflux is con-
ducted to the deep vein via an antegrade valve 
and is hindered to fill the distal GSV.

Endoluminal heat has also been applied to close 
the CHIVA 2 point in rectilineous tributaries (see 
Fig. 7.22) always paying attention not to destroy 
the saphenous vein nor to burn the skin. In case of 
rectilineous refluxing perforating veins, endolumi-
nal heat devices have also been used. Both applica-
tions (tributaries and perforators) have not been 
included in prospective studies, so far.

Glue claims to close the vein independently of 
the length of the closed segment. If this proce-
dure—after prospective studies to come—could 
demonstrate its long-time safeness (though a for-
eign body is introduced inside a vessel), perhaps 
it would be an option in the context of CHIVA, 
even to perform the crossotomy between the deep 
vein and the tributaries, if technically feasible.
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Fig. 7.23 (a) Schematic representation of the sapheno- 
femoral junction (SFJ) (legends compare Fig. 7.1) and tip 
position (red line) inside the GSV (brown), distal to the 
tributaries of the SFJ. (b) Situation after closure of a short 
segment of the proximal GSV (heat occlusion: red), distal 
to the groin tributaries. These are draining into the deep 
vein via the terminal valve; the distal GSV is thinned
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Minimally Invasive Surgical 
Treatment of Pelvic Leak Points

Roberto Delfrate and Erika Mendoza

8.1  Anatomy of the Pelvic 
Venous System

The pelvic venous system is a complex venous 
network of vessels interconnecting parietal and 
visceral veins and draining extra-pelvic superfi-
cial veins as perineal, vulvar, round ligament 
whose refluxes can extend to the great and small 
saphenous networks [1–4]. Indeed, the venous 
pelvic system consists of avalvulated venous 
trunks (hypogastric, common iliac, caval and 
renal veins), inconstantly valvulated veins (ovar-
ian veins) generally valvulated parietal veins 
(gluteal veins, obturator veins inferior gluteal 
veins) [5] and visceral collectors (internal puden-
dal vein, uterine vein) connecting vertically and 
horizontally throughout avalvulated plexuses. 
This vascular network represents a functional 
pelvic venous unit, an extremely important 
bypass path in case of obstructed drainage of a 
primary venous trunk like the left renal vein (nut-
cracker syndrome) or even of a common iliac or 
inferior cava vein. Whilst the right ovarian vein is 
valvulated, the left one can be without any valve 
in 50% of cases. The pudendal vein is generally 
valvulated [6], whilst the uterine vein is generally 

avalvulated [7–10]. So, a large amount of the pel-
vic venous system is free of valves. There is no 
muscle pump applying to the pelvic venous net. 
Flow is maintained, thanks to the gradient of 
pressure towards the inferior cava vein and the 
right heart and breathing suction effect. The pres-
ence of valve in the common femoral veins and in 
the saphenous femoral junctions as well as in the 
parietal collateral veins of the hypogastric vein 
(obturator veins, round ligament veins, pudendal 
veins and also the labial veins) and the spermatic 
veins with the only exception of the left one is 
necessary to ensure the correct drainage towards 
the caval vein and the right heart.

During pregnancy, a valvular damage may 
occur in consequence of the increase in pelvic 
blood volume and the vein peripheral resistances 
and so of the venous transmural pressure. This is 
caused by the increase of the uterus size, hor-
monal balance variation with connective tissue 
compliance variations, as well as the placenta 
hyperdebit (the placenta works like an arteriove-
nous fistula). During pregnancy, labial veins and 
pudendal network connected to the obturatorian 
and the epigastric veins will have a volume over-
load followed by restoration after delivery or per-
manent valvular damage.

The venous valve damage in the presence of a 
favourable gradient of pressure is the condition 
necessary to create a refluxing venous path 
 draining towards the legs, either via subcutane-
ous collaterals or via the tributaries of the 
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sapheno-femoral junction. The consequence 
might be an involvement of reflux of the lower 
limb venous system: chronic venous insuffi-
ciency and varicose veins of the lower limb of 
pelvic origin [11–15]. Every refluxing PLP leads 
to ipsilateral or contralateral varicose veins.

8.2  Diagnostic Approach 
to the Pelvic Leak Points

To complete a diagnostic investigation of reflux 
in leg veins, also the pelvic leak points should be 
investigated with duplex ultrasound, especially in 
case of competent terminal valve and Valsalva 
positive reflux in the sapheno-femoral junction or 
more distally in saphenous vein or tributaries.

8.2.1  General Approach

During the ultrasound exploration of patients 
with reflux in superficial leg veins, the 

investigation of pelvic leak points must be per-
formed, when a Valsalva positive reflux is found 
in any vein. Even when an incompetent terminal 
valve is responsible for Valsalva positive reflux, 
an additional inguinal or perineal leak point 
could be present in addition.

During the exploration of the sapheno- femoral 
junction, the obturatorian vein is in the focus. 
The probe can then be moved cranially from the 
sapheno-femoral junction to explore the inguinal 
region (I-Point) and medially to it the clitoridian 
point (C-Point) (see Fig.  8.1b). Perineal points 
are best found starting at the inner aspect of the 
proximal thigh and moving cranially, softly to 
avoid a compression of the very superficial veins. 
In case of difficulty of the patient separating the 
legs, the explored leg can be put, the foot on an 
elevated platform to give the probe space. 
Afterwards the patient is asked to turn around to 
investigate the posterior aspect of the thigh using 
the sciatic nerve as a B-mode mark and investi-
gating reflux signs next systematically with a 
Valsalva test (see Fig. 8.2).

a b c

Fig. 8.1 (a) a-Left renal vein, b-left ovarian vein, c-right 
ovarian vein, d-hypogastric vein, e-external iliac vein, 
f-obturator vein, g-internal pudendal vein, h-pelvic venous 
plexuses, i-sciatic vein, m-round ligament plexus, n- gluteal 
veins, green circle Alcock canal and black circle obturator 
canal, 1-inguinal point, 2-perineal point, 3- intermediate 
perineal point, 4-clitoridian point, 5- superior gluteal point, 
6-inferior gluteal point. (b) Pelvic leak points in the ventral 
part of the body. Ventral vision of a female pelvis with 
bones (rose) and the inguinal ligaments (white), the com-
mon femoral vein (blue, thick) and the saphenous vein 
(blue thin). IP: Inguinal point, lateral to the mons pubis and 
at the medial end of the inguinal duct, through which the 

reflux will be emerging. On the left side of the image is a 
schematic representation of blood flow. CP: between the 
mons pubis and the labia, we find the clitoridian point; in 
analogy in the men, we find this point at the base of the 
penis. PP: Between the labia and the proximal inner end of 
the thigh, we find the perineal point (see Fig.  8.9). OP: 
Obturator point to be found at the sapheno-femoral junc-
tion, emerging from medial and dorsal into the SFJ. Flow 
direction is represented in green. (c) Pelvic leak points at 
the dorsal part of the body—SGP superior gluteal point, 
PM piriformis muscle, IGP inferior gluteal point, SV sciatic 
vein, SN sciatic nerve, sciatic veins representing the reflux-
ing venous path from the gluteal points
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A linear probe (7.5–12 MHz) is used first, but 
a convex or micro-convex one (5 MHz) may be 
necessary in overweight patients. It’s important 
that the patient properly performs the Valsalva 
test. A simple way is to ask the patient to blow 
into a straw that was closed at one end (Cremona 
Manoeuvre, see Sect. 3.2.2) [16, 17].

A short outward flow of less than 1 s through 
leakage points shortly after a provocation 
manoeuvre is normal; it represents the natural 
drainage pathway for these vessels. A long- 
lasting flow after a provocation manoeuvre or 
permanent during Valsalva is demonstrative of a 
pathologic situation with pelvic reflux.

8.2.2  Spontaneous Flow Through 
a Pelvic Leak Point

If a spontaneous reflux on any of the pelvic leak 
points is detectable with the patients in upright 
position, a pelvic hypertension must be sus-
pected, and it must be investigated, if a pelvic 
leak does represent the escape point of an open 
bypassing shunt (see Sect. 3.7.3) (see Fig. 8.3). 
This would be the case, if there is any obstruction 
in the deep venous system forcing the blood to 
find a bypass through the pelvic network, the net-
work serving as a drainage for other vessels, as 

happens in the pelvic congestion syndrome. 
When finding a permanent flow in upright posi-
tion through a PLP, examination is continued 
with the patient lying down on the bed. If the 
spontaneous reverse flow continues also in 
recumbent position, the existence of an open 
vicarious shunt due to pelvic venous hyper- 
pressure is highly likely. In this case, the PLP 
must be preserved, and further abdominal hae-
modynamic and chemistry investigations are 
needed (left renal vein evaluation, left ovarian or 

a b

c

Fig. 8.2 (a) Photo of the back of 
a leg with the position of the probe 
on the skin. (b) B-mode ultrasound 
of the sciatic nerve as landmark for 
the evaluation of pelvic leak 
points; transversal image blue 
arrow, sciatic vein; red dashed line, 
the sciatic nerve; white dashed 
line, the bone. (c) Longitudinal 
image of the sciatic nerve between 
the red dashed lines and the vein 
between the blue dashed lines

Fig. 8.3 Spontaneous inguinal point reflux in a patient in 
standing position without any breath variation. The probe 
is positioned over the right inguinal ligament in transverse 
position, showing the flow through the inner ring (yellow 
arrow) running from the deep network into the inguinal 
canal
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spermatic vein pressure evaluation, urine tests to 
detect microscopic haematuria and proteinuria). 
If the PLP reflux disappears in the lying position, 
the mini-invasive surgical treatment of the escape 
point may be possible, because of a deep draining 
path existence, but not before ensuring that there 
is another deep draining path (Fig. 8.4). This is 
best done with further duplex investigation of the 
abdomen or second-level investigations (see 
Chap. 5).

8.2.3  Pole Test to Evaluate 
the Pressure in the Left 
Ovarian Vein

In any case the haemodynamic evaluation of the 
flow in the left ovarian vein is useful to sort out 
pelvic congestion syndrome. The left ovarian 
vein is easy to identify with a convex probe in 
transverse view and laterally to the left iliac ves-
sels, without any necessity of full bladder and in 
longitudinal (Fig. 8.5).

We find a permanent flow in case of pelvic 
congestion syndrome—breath modulation of the 
flow is a favourable prognostic sign, whilst on 
the contrary, continuous reflux without any mod-
ulation isn’t. Venous pressure is an important 
clinical parameter. It can be estimated by check-
ing flow variations in the left ovarian vein. This 
is achieved by changing the bed inclination angle 
as encoded by the Pole test [18, 19]. The Pole 

test method considers the flow hydrostatic pres-
sure resistance induced by elevation of a checked 
point of a vessel, searching for the flow stop. 
When ovarian reflux stops, the height (in centi-
metres) from the point checked of the ovarian 
vein and the horizontal line passing through the 
heart is converted in mmHg; this value repre-
sents the venous ovarian pressure. Assuming the 
density of blood to be 1.055 g/cm3 and that of 
mercury 13.54  g/cm3, the pressure unit, 1  cm 
blood above the heart, is equal to 0.78  mmHg 
(10 mm × 1.055/13.54 = 0.78 mmHg).

8.3  General Considerations 
to the Treatment of Pelvic 
Leak Points

Thanks to Claude Franceschi pelvic leak point 
ultrasound identification and anatomical 
description [1–3], a minimally invasive strategy 
of treatment of varicose veins fed by pelvic 
reflux can be performed. The surgical procedure 
is minimally invasive under local anaesthesia. 
Pelvic endovascular treatment remains only 
necessary in case of pelvic congestion syndrome 
in women.

Perineal and inguinal points account for 97% 
of all PLPs treated in women. The favourable 
feature of perineal and inguinal point but even 

Fig. 8.4 Image of the same patient as in Fig.  8.3 in 
recumbent position. The reflux has stopped and an inward 
flow is detectable (yellow arrow)

Fig. 8.5 Typical image of an enlarged left ovarian vein, 
next and laterally to the left iliac common artery (LICA) 
and left iliac common vein (LICV), best found in a trans-
verse image performed with a 5  MHz probe positioned 
between the anterior and superior iliac spine and the xifo- 
pubic line on the skin
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clitoridian point is the well-defined anatomical 
position easy to reach with a mini-invasive surgi-
cal dissection. Their depth ranges from 3 mm for 
the perineal point to 30  mm for the inguinal 
point. The treatment is possible under local 
anaesthesia and needs a perfect B-mode preop-
erative skin marking using a 10–18 MHz linear 
probe. To detect the flow, the pulse repetition fre-
quency (PRF) is set between 0.75 and 1  KHz, 
suitable for detecting low-speed flow, even less 
than 10 cm/s. Skin marking is performed in the 
operation field without further changes of posi-
tion of the patient.

Local anaesthesia consists of a mixture of 
lidocaine (2%) and ropivacaine (7.5  mg/mL), 
and a mild sedation may be useful. The author 
recommends finishing the surgical procedure 
with a rifampicin solution washing inside the 
wound, without systemic antibiotic therapy. 
Perineal skin incisions are closed with cyanoac-
rylate glue, without any need of plasters. 
Discharge is possible few hours after the inter-
vention. The treatment is completed with daily 
elastic stockings for 4 weeks and low-molecu-
lar-weight heparin in prophylactic dose for 
10 days.

8.4  Complications of Surgery 
of Pelvic Leak Point

In the author’s experience of 366 PLP-treated 
patients, no deep vein thrombosis, pulmonary 
thromboembolism or deaths were observed, nor 
any bruises, subcutaneous inguinal or perineal 
haemorrhage, neuralgia, wound infection or 
superficial phlebitis, except one immediate post-
operative inguinal bleeding after the treatment of 
the inguinal point.

On the contrary, endovascular procedures are 
more invasive and might provoke serious compli-
cations [20]. A main venous access is needed, 
including subclavian, brachial, femoral or trans- 
jugular approaches. The patient and the staff are 
exposed to radiation. Complications due to deep 
venous puncture as well as to embolization like 
haematoma, pneumothorax, closure of nontarget 

vessels, coils migrations, pulmonary embolism 
and stroke had been described [19].

8.5  The Female Inguinal Leak 
Point (IP)

The IPs represent the 36% of all the pelvic leak 
points treated by the author in women. The ingui-
nal point (IP) is the superficial ring of the ingui-
nal canal crossed by the mons veneris veins 
which connects to the uterine round ligament 
vein. The latter is a venous plexus running across 
the inguinal canal close to the round ligament, 
crossing the deep ring of the inguinal canal to 
reach the ovarian, fallopian and uterine plexuses. 
The IP is located just above and medially to com-
mon femoral vein (see Fig. 8.6).

Using a linear probe 7.5–12 MHz starting from 
the femoral junction, the IP is detectable tilting 
the probe upward focussing on the inguinal canal. 
The superficial ring of the inguinal canal is clearly 
detectable as an interruption of the oblique exter-
nal muscle fascia. Once a skin marking has been 
done, it’s easy to recognise with the tip of a finger 
the superficial ring of the inguinal canal laterally 
to the pubic tubercle (see Fig. 8.6).

The surgical procedure is possible with a 
little skin incision after an accurate mapping 
marking the I-Point on the skin (see Fig. 8.7). 
In case of incontinence of the terminal valve 
and added reflux from the ipsilateral IP, the 
skin marking considers both the escape points, 
and the skin incision can be done between 
both.

Dissection of the I-Point: Once the skin has 
been engraved and the surface layer of the sub-
cutaneous tissue dissected, the subcutaneous 
fascia appears. This fascia should not be con-
fused with the oblique internal muscular fascia, 
which is deeper, white and shiny. The finger-tip 
is helpful to search the superficial ring of the 
inguinal canal. Once the content coming out the 
superficial ring is detected (Fig. 8.8a), the geni-
tocrural nerve must be distinguished from the 
vascular bundle (Fig.  8.8b). The nerve is iso-
lated as well as the venous plexus of the round 
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ligament, the latter surrounded with a silicone 
loop as to avoid  injuries to the nerve. The 
venous plexus is cleaned and ligated with non-
absorbable braided coated suture (Fig. 8.8c) 
before being severed (Fig.  8.8d). Then the 
stumps are sutured with a transfixed polypro-
pylene stitch, the deeper folded up into the 

inguinal canal and sutured to oblique external 
muscle fascia (Fig.  8.8e) so that the proximal 
stump is not in front of the distal one. The poly-
propylene stitch prevents bleeding from the 
stump, whilst folding the proximal stump is 
useful to avoid recurrence due to neovessels 
going from one stump to the other. Proximal or 

a b

c d

Fig. 8.6 (a) B-mode appearance of the left inguinal 
canal, the probe is transversely on the inguinal fold. The 
venous plexus of the round ligament has a hypo- 
echogenic appearance with hyper-echogenic lines inside 
(PLEXUS). The superficial ring (SR) and the internal 
ring (IR) of the canal are visible, as the inferior epigastric 
vein (EV) and epigastric artery (EA). Immediately above 
and below the round ligament, the hyper-echogenic lines 
corresponding to the oblique muscle fascia and the fascia 
transversalis are visible. Medially there is the un-echo-
genic image of the pubis. (b) Same image as (a) with 
schematic description of the anatomy with the probe 
position to mark the incision in the preoperative mapping 
(white inverted T with yellow arrow). Medially we find 
the tuberculum pubis (orange) and the superficial ring of 
the inguinal canal (yellow ring at the left, underneath the 

arrow). This is the inguinal point (IP), where the fascia of 
the oblique external muscle is discontinued and we no 
longer see it as a white line in the image, marked with 
OEM fascia in the image and red dotted line. The vein 
“plexus” runs between this fascia and the fascia transver-
sals, the deeper white line (red dotted), and its lateral end 
is the yellow circle “IR” marking the internal ring of the 
inguinal canal. (c) Pulsed wave Doppler measuring in the 
venous plexus running through the inguinal canal, at the 
same site than images (a) and (b). Reflux demonstration 
during the Valsalva test. (d) Same image as (a) and (b) 
with colour- coded duplex under Valsalva manoeuvre. 
The flow emerges through the inner ring, runs medially 
through the inguinal canal and becomes superficial at the 
superficial ring
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distal ligation without ligation at the very IP 
level has shown to fail either immediately or 
after a time due to the large anastomoses in this 
region (see Fig. 8.1). Only once in the experi-
ence of the author, in an overweight patient, the 
oblique external muscle had to be opened to 
reach the venous plexus inside the inguinal 
canal. Usually this extension of the incision is 
not necessary so to reduce postoperative 
discomfort.

8.6  The Perineal Leak Point (PP)

The posterior perineal points (PPs) represented 
61% of all the female PLPs treated by the author. 
The perineal point (PP) is the superficial perineal 
fascia hole crossed by the posterior labial vein. 

The draining order is as follows: the superficial 
perineal veins (epifascial) drain into the vulvar 
venous plexus and then into the perineal vein. 
The latter crosses the deep transverse perineal 
muscle to connect with the internal pudendal 
vein.

The PP, one for each side, is located postero-
laterally to the labia majora about 1 cm anteri-
orly with respect to the origin of the frenulum 
labia minora (see Fig. 8.9). The perineal escape 
point can be responsible for ipsilateral or con-
tralateral varicose veins. The diameter of the 
posterior labial vein crossing the vulvar facial 
hole ranges from 1.8 to 3 mm. Variations in the 
localisation of the perineal point are possible: 
the intermediate perineal point (IPP) is located 
about 1 cm anteriorly to the PP, but even a posi-
tion in the middle between the anterior and pos-
terior commissure is possible, as well as one 
single posterior labial vein (see Fig.  8.9). If 
more than one escape point is present, they can 
be treated through one incision, but only a very 
accurate preoperative marking can help to iden-
tify them. In ultrasound both perineal points 
can be represented in one image applying the 
transducer perpendicular to the labia (see 
Fig. 8.9a).

Surgical dissection of the P-Point: The patient 
is in gynaecological position. After preoperative 
marking of the point on the skin under ultrasound 
guidance, accurate preparation of the operative 
field with a clear sterile drape on the skin (see 
Fig. 8.10a). The surgical procedure starts with a 
little skin incision of 10  mm length (see 
Fig. 8.10b). Dissection of the collaterals joining 
into the posterior labial veins and ligation of the 
posterior labial vein with a 3 zero non-absorbable 
braided coated suture before being severed (see 
Fig. 8.10c). The labial vein is gently pulled and 
dissected to highlight the vulvar fascia hole (see 
Fig. 8.10d) and is then ligated at the vulvar fascia 
hole level (see Fig.  8.10e). The last mandatory 
surgical manoeuvre is the closure of the vulvar 
fascia hole with a six zero polypropylene stitch, 
so to definitively separate to different venous 
compartments: the subcutaneous and the vulva 

Fig. 8.7 Image of the right groin crease with preopera-
tive mapping on the skin with the exact position of the 
superficial ring with a point; the arrows show the direction 
of the incision and of the inguinal canal. IR internal ring, 
PT pubic tubercle
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a b c

d e

Fig. 8.8 (a) Deep down the oblique external muscle fas-
cia, it can be detected as the round venous plexus together 
with the genitocrural nerve and connective tissue arising 
from the subcutaneous ring. (b) The genitocrural nerve 
has been isolated. (c) Ligation of the round ligament 
veins with non-absorbable braided overcoated suture. (d) 
The stump emerging the superficial ring is folded up and 
fixed to the fascia with a transfixing suture (PS, polypro-

pylene stitch). The genitocrural nerve is visible in the 
upper part of the surgical field. (e) The surgical procedure 
is finished. The genitocrural nerve has been spared. The 
white line highlights the superficial ring of the inguinal 
canal without any visible vein. On the left, the transfixed 
polypropylene stitch fixing the proximal plexus stump is 
visible (arrow)

a b

Fig. 8.9 (a) This image shows the position of the PP 
(red ring), the CP (blue ring) and the intermediate PP 
(white ring). The red dotted line shows the position of the 
transducer used to create the image shown in (b). (b) 

B-mode representation of the PP at both sides of the labia 
(see red dotted line in a). The white arrows show the fas-
cia holes: P-Points
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plexuses. The operative field is washed with a 
rifampicin solution, the subcutaneous tissue 
sutured and the skin repaired with a cyanoacry-
late surgical glue.

8.7  The Clitoridian Point (CP)

The clitoris is a complex structure attached to the 
mons pubis and labia and ventrally to the urethra 
and vagina. It’s composed by an erectile body, 
composed of a pair of bulbs, and the glans that 
represents the most superficial part of it. The 
glans is a non-erectile structure well provided of 
nervous fibres, and for this reason, a surgical dis-
section at this level can be dangerous and should 
not be recommended. Alternatively, a sclerother-
apy could be considered.

The venous path of the clitoris represents a 
connection between the deep venous system of 
the internal pudendal vein and the external 
pudendal vein, the former communicating with 
the hypogastric vein and the latter with the saphe-
nous femoral junction. The veins of the external 
layers usually drain into the great saphenous 
veins, whilst the venous flow of the body and 
glans normally runs into the internal pudendal 
vein. There is an extensive venous communica-
tion between the clitoris veins and the subcutane-
ous mons veneris venous path.

The clitoris leak point (CP) (see Figs. 8.1b and 
8.9a) is the anastomotic plexus between the bul-
bar vein and the superficial dorsal clitoris vein 
through which the flow reaches the external 
pudendal vein and runs into the great saphenous 
vein (see Fig. 8.11).

a b c

d e

Fig. 8.10 (a) Appearance of the operative field. A clear 
sterile drape is on the skin. The black marker on the skin 
represents the PP.  The horizontal and the longitudinal 
black lines are the skin markers drawn in the first step of 
the marking procedure. The red lines highlight the ana-
tomical structure of the region, particularly the posterior 
commissure (PC) and anus (A). (b) 10  mm length skin 
incision and gentle dissection, paying attention to fine 
nervous branches of the pudendal nerve: minimally inva-

sive surgery. (c) The posterior labial vein is ligated with a 
3 zero non-absorbable braided coated suture before being 
cut. (d) Gentle posterior labial vein traction to highlight 
the vulvar fascia hole. (e) Ligation of the posterior labial 
vein at the vulva fascia hole level paying attention to avoid 
pudendal nervous branch ligation, and closure of the fas-
cia hole with a six zero polypropylene stitch. The forceps 
thin tips at the suture level
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8.8  Male Pelvic Leak Points

Pelvic escape points can also be detected in men. 
These are the inguinal point (male IP), which is 
different from a female inguinal point, and a sec-
ond point located medially from the root of the 
penis called the C-Point (male CP), sharing the 
same name as that used for females in the analo-
gous position. These escape points may be the 
cause of ipsilateral as well as contralateral vari-
cose veins and are generally the consequence of 
the increased venous pressure in the pampiniform 
plexus in case of varicocele.

8.8.1  Male Inguinal Point (IP)

The veins of the superficial and deep penile 
venous plexuses surrounding the urethra and 
penis connect the right and left pampiniform 

plexuses and so do the scrotal veins [2]. The 
pampiniform plexus consists of an anterior and a 
posterior group of veins, with the deferent duct 
between them. The anterior group, surrounding 
the spermatic artery in the inguinal canal, drains 
into the renal vein on the left and the inferior cava 
vein on the right side. The posterior group of 
veins drains the epididymis head and body, 
mainly into the epigastric inferior vein, and is 
detectable with the echo-duplex scan in the ter-
minal third of the spermatic cord in the subcuta-
neous tissue which goes through the subcutaneous 
fascia, joining the saphenous femoral junction.

Through these veins, a reflux coming from the 
spermatic veins can be transmitted to the sapheno- 
femoral junction. In other cases, a collector run-
ning from the medial segment of the pampiniform 
plexus and going through the subcutaneous fas-
cia runs into collaterals of the anterior or great 
saphenous vein, bypassing the saphenous femo-
ral junction.

The subcutaneous fascia hole is considered 
the male I-Point and is always detectable medi-
ally and above the sapheno-femoral junction and 
valve, near the pubis in the inguinal region (see 
Fig. 8.12).

8.8.2  Male “C” Point

The scrotum is composed of different layers: the 
skin, the subcutaneous tissue, the dartos and a 
thin layer of subcutaneous tissue with vessels 
immediately below the dartos. The dartos of both 

Fig. 8.11 The clitoris is the hyper-echogenic and irregu-
lar image in the centre (dashed blue line). CP reflux dur-
ing the Valsalva manoeuvre

a b

Fig. 8.12 (a) B-mode in cross section above the sapheno- 
femoral junction. The red line highlights the subcutaneous 
fascia. The fascia hole crossed by the venous collector 
(IP) and the pampiniform plexus (PP) below the subcuta-

neous fascia can be clearly seen. (b) Reflux from the 
pampiniform plexus through the IP to a tributary, which 
will feed the GSV
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sides merges in the middle into the scrotal sep-
tum: the lower part of the scrotal septum joins the 
vaginal tunic in the scrotal ligament. Scrotal 
veins form a single venous path communicating 
with the subcutaneous veins of the lower part of 
the abdominal wall, the perineal region, the penis 
and the venous plexus draining the didymus and 
the epididymis. Thanks to the veins crossing 
through the scrotal septum, communication 
between the paths of the two scrotal veins is pos-
sible. The venous flow of the scrotal veins nor-
mally runs into the pudendal external vein to 
reach the great saphenous vein but can also drain 
directly into the femoral vein. The veins of the 
posterior part of the scrotum drain into the inter-
nal pudendal vein, and through it the flow reaches 
the hypogastric vein. For these anatomical rea-
sons, a venous reflux even in males can be trans-
mitted from one side to the other. Therefore, a 
reflux from the spermatic plexus of one side can 
create ipsilateral as well as contralateral varicose 
veins of the lower limbs.

In the penis, there is a superficial network and 
a deep venous network. The subcutaneous penile 
venous path drains mainly the skin and the sub-
cutaneous tissue, and the flow normally runs into 
the subcutaneous dorsal veins of the penis. This 
vein drains into the subcutaneous plexus of the 
inferior part of the abdominal wall, and then the 
flow runs into the saphenous femoral junction. 
The veins of the inferior part of the superficial 
layer of the penis drain into the scrotal veins. The 
deep venous penis network drains the glans, the 
two corpora cavernosa and the corpus spongio-
sum. The flow of the deep path runs into the deep 
dorsal vein, normally valvulated, and through it 
to the pudendal vein, which represents one of the 
origins of the hypogastric vein. The superficial 
and deep paths widely communicate first through 
the glans and the foreskin veins and second 
through the veins located at the symphysis pubis 
level.

Furthermore, venous collectors run into the 
subcutaneous tissue, crossing a well-defined hole 
of the subcutaneous fascia, coming from the deep 
venous network of the penis. Through these col-
lectors, a reflux from the deep penile venous path 
can be transmitted in the subcutaneous tissue of 

the pubic region. If there is a reflux through this 
fascia hole, it represents a further pelvic male 
leak point like the female CP: the male C-Point. 
It can be easily detected with a duplex scan next 
to the root of the penis, and minimally invasive 
surgical treatment is possible under local anaes-
thesia, thanks to a refined B-mode preoperative 
marking.

8.9  Obturator Leak Point

The obturator vein drains the muscles of the 
upper-medial segment of the thighs. Anterior and 
posterior muscular collectors run together into 
the main obturator vein trunk. The obturator vein 
passes through the obturator canal and runs into 
the hypogastric vein. The existence of anastomo-
ses with the epigastric inferior veins and the 
pudendal external vein is well known [3, 6, 7, 9]. 
An anterior muscular circumflex collector is 
sometimes detectable. It runs below the muscular 
pectineus fascia lying on the pectineus muscle 
and normally drains medially into the common 
femoral vein at the sapheno-femoral junction 
level: either into the common femoral vein itself 
or into the junction—centrally to the terminal 
valve or between the terminal and preterminal 
valve. The confluence of this collector into the 
saphenous femoral junction is the so-called obtu-
rator point (see Fig. 8.13).

It represents an important anastomotic venous 
path between the common femoral vein and the 
hypogastric vein as well as the pudendal external 
vein. This muscular venous collector is quite dis-
tinguishable from the external pudendal vein; in 
fact, the latter runs superficially whilst the first is 
located below a muscular fascia (see Fig. 8.14).

In case of pelvic reflux and anastomosis with 
the obturatorian vein, this path can just drain into 
the common femoral vein independently of the 
superficial venous system, or it ends in the 
sapheno-femoral junction (see Fig.  8.13). This 
pathway is possible in male and female 
population.

Depending on the competence of the terminal 
and preterminal valve, the blood from the obtura-
torian vein leak could just feed the common 

8 Minimally Invasive Surgical Treatment of Pelvic Leak Points



214

femoral vein via the circumflex muscular medial 
collector or be the leakage point for a venous 
insufficiency in the leg.

The anterior muscular circumflex collector 
can be ligated if necessary opening the pectineus 
muscle fascia, under B-mode preoperative mark-
ing or even intraoperative control without any 
saphenous femoral junction dissection. In addi-
tion, different strategies are possible: OP ligation 
during saphenous femoral disconnection for an 
associated terminal valve incompetence or sim-
ple saphenous high ligation immediately below 
the superior collaterals of the junction. 
Endovenous laser treatment is a further possible 
therapeutic technique as encoded by the CHIVA 
laser strategy.

8.10  Gluteal Leak Points

Gluteal leak points are seldom found in relation 
to varicose veins of lower limbs.

The inferior gluteal vein (sciatic vein) is a large 
valvulated parietal collector that represents one of 
the origins of hypogastric vein. One of the main 
collateral branches of the inferior gluteal vein is 
the sciatic vein running together with the sciatic 
nerve, and thanks to collaterals it is connected to 
the superior gluteal vein and to the common fem-
oral vein through the femoral circumflex medial 
vein, the terminal segment of the deep femoral 
vein representing an important venous bypass 
path in case of iliac obstruction or stenosis. Two 
different escape points can be detected: the 

a b

Fig. 8.14 (a) Cross section of the left groin region in 
B-mode: image of a circumflex muscular medial collector 
(**). It represents an anterior origin of the obturator vein. 
The collector runs below the pectineus muscular fascia 

(PMF), on the pectineus muscle (PM), and reaches the 
sapheno-femoral junction draining on the saphenous side 
of the terminal valve. (b) Valsalva manoeuvre. Reflux 
from the circumflex medial collector into the SFJ

a b

TV TV

PTV

Fig. 8.13 (a) The 
circumflex muscular 
medial collector (red) 
drains into the sapheno- 
femoral confluence from 
medially, between the 
common femoral vein 
and the terminal valve 
(TV) of the great 
saphenous vein. (b) The 
circumflex muscular 
medial collector (red) 
drains into the 
saphenous vein arch, 
between the terminal 
(TV) and preterminal 
valve (PTV)
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inferior gluteal point (IGP) and the superior glu-
teal point (SGP) (see Fig. 8.1c). Anatomically the 
inferior one is located below the lower margin of 
the piriformis muscle exactly at the ileotrochan-
teric line level, whilst the superior gluteal point 
(SGP) is located at the superior margin of the piri-
formis muscle. The sciatic vein can be found 
immediately below the margin of the piriformis 
muscle with the colour-coded duplex ultrasound, 
checking low-speed flow about 12 cm/s. The sci-
atic vein is also detectable posteriorly at the thigh 
by focussing the hyper- echogenic image of the 
sciatic nerve and checking the flow during the 
Valsalva manoeuvre in veins surrounding the 
nerve. From here the vein might be followed cra-
nially to find the origin in the superior or inferior 
leak point and distally to find the drainage path.

The author has never treated a gluteal escape 
point with surgery. To access the leak point, a big 
surgical procedure would be necessary. So, 
peripheral disconnections could be one option to 
treat them, or ultrasound-guided sclerotherapy 
could be another therapeutic option, though it 
requires a very experienced operator, considering 
that veins lie close to the sciatic nerve.
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Haemodynamic Management 
of Deep Venous Insufficiency

Sergio Gianesini, Erika Mendoza, 
and Paolo Zamboni

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.

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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CFV

FV

FVDV

DFV

Fig. 9.1 Duplication (DV) of the femoral vein (FV). 
DFV deep femoral vein, CFV common femoral vein (With 
permission from [8])

CFV

FV

FVDV

DFV

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])

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 

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].

9 Haemodynamic Management of Deep Venous Insufficiency
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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 

CFV

DFV FV

DV FV

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, CFV com-
mon femoral vein (With permission from [8])
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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.

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).

• Refluxing posterior tibial vein with connec-
tion to the distal great saphenous vein. The 

a b

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])

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

9 Haemodynamic Management of Deep Venous Insufficiency
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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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CHIVA: Results from Literature

Erika Mendoza and Erica Menegatti

10.1  First Non-randomized Series

10.1.1  Four-Year Follow-Up of CHIVA 
Patients [1]

Three hundred and fifty-seven patients were 
operated using CHIVA and monitored for 4 years. 
They were not compared with another group. In 
94% of the patients, by the end of the study, the 
GSV was perfused throughout its whole length 
(i.e. not closed by superficial vein thrombosis). 
Eleven percent of the patients suffered recurrence 
of their varicose veins. Light reflection rheogra-
phy showed significant improvements immedi-
ately after the operation and after 6  months in 
comparison with preoperative values.

10.1.2  Comparison Between Stripping 
and CHIVA [2, 3, 4]

Cappelli et  al. investigated 148 patients treated 
by CHIVA with mean follow-up of 3 years. Then 
they compared their own results with the three 
great stripping series from the literature [5–7].

The evaluation criteria were chosen on the 
basis of three published stripping series (the 
“Hobbs criteria”) so that the groups would be 
comparable. The Hobbs criteria were established 
in 1974 as follows: the different clinical parame-
ters must be evaluated by the patient or by the 
investigator in three groups—excellent, better 
and the same or worse [5] (Table 10.1).

Maeso et  al. monitored 90 CHIVA patients 
prospectively for 3  years after CHIVA and 
 compared them with 85 of his own historical 
stripping patients, with patients from the literature 
(see above) and with Cappelli’s patients. In the 
Vall d’Hebron University Clinic in Barcelona, 
stripping was abandoned completely in favour of 
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10

Table 10.1 Hobbs classification

Objective evaluation Points
Class 1 No visible or palpable varicose veins 1
Class 2 Little number of visible and palpable 

veins with diameter less than 5 mm
2

Class 3 Residual or new veins with diameter 
over 5 mm

3

Class 4 Incompetent saphenous veins or 
perforators

4

Subjective evaluation
Class 1 No complaints 1
Class 2 Little functional or cosmetic 

complaints but clear improvement
2

Class 3 Improvement but still functional and 
cosmetic complaints

3

Class 4 Disease without changes or worse 4
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the CHIVA method in 1995, so no prospective 
comparison of the two methods was possible.

In both groups, CHIVA produced significantly 
better outcomes than in the three stripping groups 
from the literature (p < 0.001).

The comparison between the two CHIVA 
groups—Cappelli and Maeso—produced no sig-
nificant differences nor did a comparison between 
their own stripping patients and the stripping 
groups from the literature.

The most important results from the compari-
son of their own CHIVA patients with their own 
stripping patients, and those from the literature 
used for comparison in Maeso’s study (Barcelona), 
are given in Tables 10.2, 10.3, 10.4 and 10.5.

10.1.3  Reflux Elimination Without 
Any Ablation or Disconnection 
of the Saphenous Vein [8]

The aim of this prospective study was to investi-
gate the possibility of the haemodynamic sup-
pression of reflux in the greater saphenous vein 
without any high ligation and/or stripping proce-
dure. The authors investigated 40 patients 
affected by primary chronic venous insufficiency 
of all clinical classes, with demonstrated duplex 
incompetence both of the sapheno-femoral junc-
tion and the great saphenous vein trunk, with the 
re-entry perforator located on a great saphenous 
vein tributary. Air plethysmographic parameters 
and duplex scanning were performed both preop-
eratively and 1 and 6 months later, respectively. 
Duplex investigation demonstrated both a for-
ward flow and reflux disappearance in the GSV 
in 100% and 85% of the cases after 1 and 
6 months, respectively. The air plethysmographic 
parameters are shown in Table 10.6.

This early investigation did not discriminate 
between cases with competent or incompetent 
terminal valve and had a short follow-up 
(Compare Sect. 10.3.1).

10.1.4  Postoperative Thrombosis 
in Great Saphenous Vein [9]

Pintos et  al. investigated 165 patients after 
CHIVA treatment in their hospital. They com-
pared the postoperative superficial vein thrombo-
sis found in the GSV after so-called drained 
CHIVA (101 patients, CHIVA 1 or 2) and 
 undrained CHIVA (64 patients, CHIVA 1  +  2). 

Table 10.2 Comparison of objective and subjective 
Hobbs criteria in the Maeso Group own CHIVA vs. own 
historical stripping (every item differs significantly with 
p < 0.05)

Group Item
Excellent 
(no varices)

Better 
(fewer 
varices)

The same 
or worse

CHIVA 
group

Presence of 
varicose 
veins after 
3 years

51 (56.7%) 38 (42.2%) 1 (1.1%)

Stripping 
group

46 (54.1%) 26 (30.6%) 13 (15.3%)

CHIVA 
group

Clinical 
symptoms

60 (66.6%) 29 (32.2%) 1 (1.1%)

Stripping 
group

24 (28.2%) 43 (50.6%) 18 (21.2%)

CHIVA 
group

Subjective 
cosmetic 
satisfaction

52 (57.6%) 35 (38.9%) 3 (3.3%)

Stripping 
group

43 (50.6%) 38 (32.9%) 14 (16.5%)

Table 10.3 Comparison of neurological disturbances 
and the visible spider vein between the own CHIVA and 
the own stripping groups, Maeso (all comparisons are sig-
nificantly different with p < 0.05)

Present Absent
CHIVA 
group

Neurological 
disturbances after 
3 years

1 (1.1%) 89 (98.9%)

Stripping 
group

16 (18.8%) 69 (81.2%)

CHIVA 
group

Spider veins after 
3 years

8 (8.9%) 82 (91.1%)

Stripping 
group

33 (659%) 29 (34.1%)

Table 10.4 Comparison of the presence of varicose 
veins after 3  years between own CHIVA patients with 
published stripping series (p < 0.05)

Hobbs 
criteria

Excellent (no 
varices)

Better (fewer 
varices)

The same 
or worse

Taulaniemi 55 (44%) 64 (50%) 7 (6%)
Hobbs 98 (39%) 127 (51%) 25 (10%)
Einarsson 34 (55%) 21 (35%) 6 (10%)
CHIVA 
group

51 (57%) 38 (42%) 1 (1%)
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This work was presented on the Spanish Congress 
of Angiology and Phlebology 2001, Valladolid.

One hundred and one patients (61%) were 
treated either with CHIVA 1 or 2; 64 patients 
(39%) were treated with a non-drained method 
under CHIVA 1 + 2 (simultaneous closure of the 
sapheno-femoral junction and the CHIVA 2 point 
with Shunt Type 3).

The overall mean preoperative diameter of the 
GSV was 0.78  cm (0.28–1.70  cm). All the 
patients received subcutaneous low-molecular- 
weight heparin in a prophylactic dose for 15 days 
after the operation. They wore class 2 compres-
sion stockings for 6 weeks.

All legs were examined by duplex ultrasound 
1, 3 and 6 months after the intervention.

The incidence of superficial vein thrombosis of 
the GSV in the drained CHIVA group was 9 
patients (9%) and in the undrained CHIVA group 
25 patients (38%). The difference between the 
incidences of superficial vein thrombosis in the 
two groups was statistically significant (p < 0.001). 
This shows that the relatively high incidence of 

superficial vein thrombosis from early publica-
tions on CHIVA was negatively influenced by the 
use of the CHIVA 1 + 2 procedure. If the CHIVA 
1 + 2 procedure is not used, the incidence of super-
ficial vein thrombosis falls clearly.

The diameter of the GSV at the proximal thigh 
correlated with superficial vein thrombosis as 
follows: In the group with drained CHIVA, 
patients with superficial vein thrombosis pre-
sented a mean GSV diameter of 1.03 cm ± 0.19. 
In patients without superficial vein thrombosis, 
the preoperative mean diameter at the proximal 
thigh was 0.89 cm ± 0.36. The difference was sta-
tistically significant (p < 0.001).

In the undrained CHIVA group, patients with 
superficial vein thrombosis presented a mean 
GSV diameter of 0.89 cm ± 0.19, while the mean 
diameter in the group without superficial vein 
thrombosis was 0.91  cm  ±  0.29; the difference 
was not significant.

If the patients are divided into those who suffered 
discomfort due to their superficial vein thrombosis 
and those who did not, the mean GSV diameter in 

Table 10.5 Summary of the first non-randomized studies between 1998 and 2001

Author Type
Number of 
patients Follow-up Results

Zamboni Prospective, no 
comparison

357 4 years Drained great saphenous vein in 94% after 4 years
Recidives after 4 years (11%)
Air plethysmography: Significant improvement 
immediately and after 6 months as compared to 
preoperatively

Cappelli Prospective and 
compared to literature

148 3 years Significantly better results in the CHIVA group as 
compared to the published stripping data after 3 years 
with p < 0.001 concerning symptoms, subjective and 
cosmetic improvement and objective presence of 
visible varicose veins

Maeso Prospective and 
compared to literature 
and to own treated 
stripping patients

90 (vs. 85 
own 
stripping 
patients)

3 years Significantly better results in the CHIVA group 
compared to own stripping patients concerning 
symptoms, subjective and cosmetic improvement and 
objective presence of visible varicose veins with 
p < 0.05 after 3 years

All Not randomized 595

Table 10.6 Venous volume, venous filling index and residual volume fraction improvement assessed, respectively, by 
means of air plethysmography preoperatively, as well as at 1 and 6 months after the surgical procedure

Plethysmographic parameter Pre-op 1-month follow-up 6-month follow-up P
Venous volume (VV) mL 150 ± 9 119 ± 6 114 ± 7 <0.0001
Venous filling index (VFI) mL 5 ± 0.5 2 ± 0.2 2 ± 0.2 <0.0001
Residual volume fraction (RVF) mL 42 ± 3 30 ± 2 30 ± 2 <0.0001

10 CHIVA: Results from Literature
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the group with discomfort was 1.04 cm ± 0.29, and 
in superficial vein thrombosis patients without dis-
comfort, it was 0.78 cm ± 0.31. The difference was 
statistically significant (p < 0.001).

It was calculated that above 0.85 cm, the risk 
of superficial vein thrombosis in the GSV is sig-
nificantly higher, meaning that the relative risk of 
superficial vein thrombosis after CHIVA is three 
times higher for patients with a GSV diameter 
greater than 0.85 cm at the proximal thigh than it 
is when the diameter is less than 0.85  cm. The 
number of patients suffering discomfort was also 
significantly higher among patients with a diam-
eter greater than 0.85 cm.

10.1.5  Evolution of CHIVA 2 
Treatment on Shunt Type 3 [10]

José María Escribano and the team from the Vall 
d’Hebrón University in Barcelona published an 
investigation about the results of CHIVA in two 
steps in case of Shunt Type 3.

Fifty-eight patients were analysed during 
3 years after performing the first step of “CHIVA 
2” in the case of Shunt Type 3 with draining trib-
utary below the knee. The diameter of the GSV 
reduced significantly, though 51 of the patients 
had reflux recurrence after 6 months and 53 after 
3 years. In all the patients, a re-entry perforator 
was found, so that Shunt Type 3 was changed 
into Shunt Type 1. Forty-six patients underwent 
high ligation of the sapheno-femoral junction in 
the 3  years of the investigation (crossotomy). 
89.9% of the patients had a clinical cure situa-
tion according to the Hobbs criteria and 10% an 
improvement (see Table 10.1) at the moment of 
the reflux reappeared, and still 79% were classi-
fied as “cured” at the moment of the 
crossotomy.

The conclusion is that the recurrence rate after 
the first step of CHIVA in Shunt Type 3 in case of 
great saphenous vein reflux above and below the 
knee is high.

Comments of the authors: Personal experi-
ence is not that always a perforator takes the 
drainage but mostly a new tributary, making the 

management much more difficult than found in 
this study (see Sect. 6.4.1). Possibly the fact that 
the refluxive segment of the GSV was long 
(above and below the knee) could explain this 
different evolution. Zamboni et al. [11] demon-
strated 29% of permanent competence of GSV 
for 3 years after CHIVA 2 in Shunt Type 3 in a 
group with above-knee and above- and below- 
knee reflux situation.

10.2  Randomized Studies

10.2.1  Ulcer Healing: CHIVA  
vs. Compression [12]

This prospective randomized study compared 
CHIVA with the use of compression in the treat-
ment of venous ulcers with incompetence of the 
superficial leg veins (C6 in the CEAP classifica-
tion). Twenty-four legs in 24 patients were treated 
with compression, if necessary after antibiotic 
treatment; in suppurating wounds, the bandage 
(hydrocolloid) was changed every 3–5 days dur-
ing the first month and every 7 days thereafter. 
Non-suppurating wounds were first covered with 
a zinc oxide bandage. The CHIVA group included 
23 legs on 21 patients. Sixteen legs with Shunt 
Type 1 were treated with crossectomy, and with 
further interruptions, seven legs with Shunt Type 
3 were treated with the CHIVA 2 procedure.

The study evaluated:

• Healing progress based on the area of the ulcer
• The venous function of the leg based on air 

plethysmography before treatment and 
6 months and 3 years after treatment

• Quality of life based on the SF-36 question-
naire before treatment and 6  months after 
treatment

Apart from the clinical evaluation, a duplex 
ultrasound was performed every 6 months for a 
total of 3  years. The results are presented in 
Table 10.7.

Preoperative air plethysmography presented 
no differences between the two groups. These 
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values did not alter significantly in the compres-
sion group, whereas in the CHIVA group, all the 
values, including the ejection fraction, were sig-
nificantly improved after 6 months.

There was no preoperative difference in the 
quality of life index. All eight areas presented 
significant improvements in the CHIVA group 
(p < 0.001). In the compression group, only four 
parameters were improved (p < 0.05). Comparison 
between the two groups 6 months after the start 
of treatment presented significantly better results 
in four parameters (p < 0.05).

10.2.2  Varicose Vein Stripping vs. 
Haemodynamic Correction 
(CHIVA): A Long-Term 
Randomized Trial [13]

This randomized comparative trial was aimed to 
compare the long-term results of stripping vs. 
CHIVA in the treatment of superficial venous 
incompetence. The study enrolment followed 
CONSORT requirements. One hundred and 
eighty consecutive patients were screened by 
clinical examination, including CEAP clinical 
classification, and duplex ultrasonography under-
taken by physicians experienced in the manage-
ment of venous disease. Thirty patients were 
excluded according to the exclusion criteria, 
while 150 patients were randomized into two 
groups, 75 were treated with saphenous stripping 
and 75 with CHIVA. All limbs were examined by 
three independent assessors who had not been 
involved in previous surgical decision-making 
and operative procedures. The assigned score to 
each limb was in accordance to the method 
reported by Hobbs. The results are presented in 

Table  10.8 and the recurrence analysis in 
Table 10.9.

The relative risk of recurrence in the stripping 
group is doubled at 10 years compared to CHIVA 
(OR 2.2; 95% CI 1e 5, p < 0.04).

No significant differences were found between 
the two techniques at 3 years. During the period 
3–10 years, the different recurrence rates in the 
two groups become apparent and significant.

Table 10.7 Comparison of ulcer healing with compression or with CHIVA

Compression CHIVA
Healing success rate 96% 100%
Healing time (p < 0.005) 61 ± 11 days 29 ± 4 days
Speed of healing (p < 0.02) 1.66 ± 0.4 mm2/day 2.86 ± 0.3 mm2/day
Recurrence of ulcer (p < 0.05) 9 cases (38%) 2 cases (9%)a

aBoth these patients needed the second step of CHIVA 2 treatment (crossotomy), which was not carried out during the 
investigation period, i.e. they continued to present reflux from the deep leg vein into the affected saphenous vein

Table 10.8 Results of CHIVA vs. stripping, Carandina

CHIVA Stripping Sign. level
Duration of hospital 
stay

0.5 day 2 days p < 0.0001

Mean value of 
subjective Hobbs 
score

1.65 1.8 n.s.

Mean value of 
objective Hobbs score

1.9 2.2 p < 0.038

Recidive rate after 
10 years

18% 35% p < 0.038

Table 10.9 Duplex analysis of the recurrences identified 
five different haemodynamic patterns of recurrence

CHIVA Stripping
Sign. 
level

Type 1: Sapheno- 
femoral recurrence

2.9% 5.5% n.s

Type 2: Reflux coming 
from the pelvis

1.4% 3.7% n.s.

Type 3: Evidence of 
incompetent perforator

0% 7.4% n.s.

Type 4: Reflux from the 
proximal saphenous vein 
to a varicose tributary

18% 0% p < 0.01

Type 5: Recurrence from 
varicose veins greater 
than 5 mm without 
connection to the deep 
veins

8% 22% p < 0.01
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10.2.3  Randomized Comparison 
Stripping vs. CHIVA [14]

Iborra and her team published in 2006 (Spanish) 
a prospective randomized investigation with 100 
legs treated either with CHIVA or stripping with 
a follow-up of 9 years; the study was presented at 
the European Venous Forum in 2006. Sixty-two 
women and 38 men with median age 49 were 
selected following the Spanish guidelines for 
varicose vein treatment (symptomatic varicose 
veins with saphenous reflux) but also large vari-
cose veins without symptoms. Patients should 
not have a history of venous interventions or 
thrombosis nor overweight or age over 70 years.

After confirming inclusion and exclusion cri-
teria, 100 patients of the waiting list (Bellvitge 
University Hospital) were randomized, 49 into 
the stripping group (above and below knee) and 
51 into the CHIVA group. No differences con-
cerning age, sex, weight and CEAP between the 
groups were found. All patients were investigated 
with duplex ultrasound. After intervention, they 
received the same dose of heparin (prophylactic) 
and were investigated 1 week after intervention 
and then after 1, 3 and 6 months and yearly for 
5 years with questionnaires and ultrasound.

All patients with stripping were admitted to 
the hospital (44 spinal and 5 general anaesthesia). 
In the CHIVA group, 9 patients stayed for one 
night; the rest was treated on ambulatory base (6 
spinal, 3 general, 42 local anaesthesia) 
(Table 10.10).

The mean inability of work time in the strip-
ping group was 19.25 days, in the CHIVA group 
8.04 days (p < 0.001).

In neither group, severe complications were 
found. Eleven patients in the stripping group 
complained because of neural lesions at the 
ankle, five still at the control after 6 months and 
one permanently after 5  years. In the CHIVA 
group, four patients suffered symptomatic super-
ficial vein thrombosis; sonographically this con-
dition was found in 11 legs. In all cases after 
12 months, the vein was recanalized and the GSV 
calibre reduced.

Patients with recidives and asking for a redo 
intervention were immediately treated (five 
patients each group) (Table 10.11).

The results after 5  years are represented in 
Table 10.12. Apart from a slight better result in 
the CHIVA strain concerning the absence of vis-
ible varicose veins, the results were similar after 
5 years.

10.2.4  Varicose Vein Surgery: 
Stripping vs. CHIVA 
Methods—A Randomized 
Controlled Trial [15]

The objective of this study was to compare the 
efficacy of the CHIVA method for the treatment 
of varicose veins with respect to the standard 
treatment of stripping. The study design was 
open-label, randomized controlled trial, in which 
501 adult patients with primary varicose veins 
were included. They were treated in a single cen-
tre. The patients were assigned randomly to 
CHIVA procedure (experimental group n = 167) 
or stripping with clinic marking (control group 1, 
n  =  167) and stripping with duplex marking 

Table 10.10 Complaints after 1 week [14]

Stripping CHIVA Sign. level
Indoor activities with restrictions 7 33 0 3 0.005 <0.001
Indoor activities without restrictions 17 2 <0.001
Outdoor activities with restrictions 9 1 0.007
Normal outdoor activities without restrictions 12 15 29 48 0.001 <0.001
Normal activities, returned to work 3 19 <0.001

48 51
Mean inability of work time 19.25 days 8.04 days <0.001
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 (control group 2, n = 167). The outcome measure 
was clinical recurrence within 5 years, assessed 
clinically by previously trained independent 
observers. Duplex ultrasonography was also used 
to assess recurrences and causes. The results are 
summarized in Table  10.13. The study was 
financed by the Spanish Ministry of Health.

The odds ratio between the stripping with 
clinic marking and CHIVA groups, of recurrence 
at 5  years of follow-up, was 2.64 (95% confi-
dence interval [CI], 1.76–3.97; P < 0.001). The 
odds ratio of recurrence at 5 years of follow-up, 
between the stripping with duplex marking and 
CHIVA group, was 2.01 (95% CI, 1.34–3.00; 
p < 0.001).

The conclusion was that CHIVA had less side 
effects and less recidives after 5 years than both 
stripping groups. No statistical differences 
between both stripping groups (with and without 
duplex marking) were found.

10.2.5  Cochrane Review: Bellmunt- 
Montoya S, CHIVA Method 
for the Treatment of Chronic 
Venous Insufficiency  
(2013–2015) [16]

This is an update of the review first published in 
2013 aimed to compare the efficacy and safety of 
the CHIVA method with alternative therapeutic 
techniques to treat varicose veins. Randomized 
controlled trials (RCTs) were included to com-
pare the CHIVA method versus any other treat-
ments. Two review authors independently 
selected and evaluated the studies [12–15]. One 
review author extracted data and performed the 

Table 10.11 Anaesthesia, complications and treated 
recidives

Anaesthesia Stripping CHIVA
  Local 0 42
  Spinal 44 6
  General 5 3
Complications
  Neural lesion after 1 week 11 0
  Neural lesion after 6 months 6 0
  Neural lesion after 5 years 1 0
  Symptomatic superficial vein 

thrombosis
0 4

Redo interventions 5 5

Table 10.12 Results (Hobbs) after 5 years, Iborra

Symptoms Stripping CHIVA p
  Asymptomatic 20 27 0.219
  Better 25 20 0.225
  No changes 1 2 1.000
  Worse 1 0 0.490
Cosmetics—Subjective 
evaluation (patient)
  Success 43 46 0.712
  Better but not 

optimum
3 2 0.674

  Not happy 1 1 1.000
Cosmetics—Objective 
evaluation (staff)
No visible varicose 
veins

10 16 0.210

Visible varicose veins 
<5 mm

20 19 0.760

Varicose veins of 
>5 mm at the thigh or 
calf

9 12 0.527

Varicose veins of 
>5 mm at the thigh and 
calf

8 2 0.048

Lost to follow-up 2 2 n.s.
All 47 49

Table 10.13 Results Parés 5 years: Group 1 stripping without duplex, group 2 stripping with duplex and group 3 
CHIVA

Results
Group 1 
stripping

Group 2 
stripping

Group 3 
CHIVA

Sign. 
level

Mean days of work inability 20.77 days 17.56 days 5.3 days p < 0.001
New veins visible in ultrasound after 5 years 67.1% 60.5% 35% P < 0.001
Clinically visible veins and bad result after the Hobbs 
criteria after 5 years

47% 43.5% 26.8% p < 0.001

10 CHIVA: Results from Literature



232

quantitative analysis. The risk ratio (RR), the 
mean difference (MD), the number of people 
needed to treat for an additional beneficial 
 outcome (NNTB) and the number of people 
needed to treat for an additional harmful outcome 
(NNTH), with 95% confidence intervals, were 
calculated.

The primary endpoint, clinical recurrence, 
pooled between studies over a follow-up of 
3–10 years, showed more favourable results for 
the CHIVA method than for vein stripping (721 
people; RR 0.63; 95% CI 0.51–0.78; I2  =  0%, 
NNTB 6; 95% CI 4–10) or compression dress-
ings (47 people; RR 0.23; 95% CI 0.06–0.96; 
NNTB 3; 95% CI 2–17). Only one study reported 
data on quality of life (presented graphically), 
and these results significantly favoured the 
CHIVA method.

The vein stripping group had a higher risk of 
side effects than the CHIVA group; specifically, 
the RR for bruising was 0.63 (95% CI 0.53–0.76; 
NNTH 4; 95% CI 3–6), and the RR for nerve 
damage was 0.05 (95% CI 0.01–0.38; I2 = 0%; 
NNTH 12; 95% CI 9–20). There were no statisti-
cally significant differences between groups 
regarding the incidence of limb infection and 
superficial vein thrombosis.

10.3  Recent Non-randomized 
Series

10.3.1  Great Saphenous Varicose 
Vein Surgery Without 
Sapheno-Femoral Junction 
Disconnection [11]

This case-control study was designed to deter-
mine whether preoperative duplex imaging could 
predict the outcome of varicose vein surgery 
without sapheno-femoral junction (SFJ) discon-

nection. The duplex protocol included a reflux 
elimination test (RET, see Sect. 3.8.9) and assess-
ment of the competence of the terminal valve of 
the femoral vein. Patients with negative reflux 
elimination test (those with draining perforators 
on the saphenous vein) were excluded.

One hundred patients with chronic venous dis-
ease who had a positive reflux elimination test 
result and an incompetent terminal valve (Shunt 
5) were compared with 100 patients matched for 
age, sex, CEAP clinical class and diseases dura-
tion but who had a positive reflux elimination test 
result and a competent terminal valve (Shunt 3). 
All patients underwent ligation and proximal 
avulsion of the incompetent tributaries from the 
great saphenous vein trunk without sapheno- 
femoral junction disconnection or any interven-
tion on the saphenous vein. Clinical and duplex 
follow-up lasted for 3 years and included Hobbs 
clinical score.

The objective assessment (Hobbs clinical 
score) and subjective symptom score after 3 years 
are detailed in Table 10.14 while duplex assess-
ment after 1 and 3 years in Table 10.15.

Recurrence rate after 3 years was significantly 
different depending on the competence or not the 
terminal valve. With competent terminal valve 
(Shunt Type 5), the recurrence rate was 3% at the 
sapheno-femoral junction, compared with 71% 
in case of incompetent terminal valve (Shunt 
Type 3) after 3 years.

10.3.2  Calibre Reduction 
of Saphenous and Deep Veins 
After CHIVA [17, 18]

The diameters of the great saphenous vein (GSV) 
and the common femoral vein (CFV) seem to 
give a hint about the severity of venous illness. 
Inspired by the question of Prof. Hach in 2002, 

Table 10.14 Results of Hobbs clinical score subdivided in the two different groups after 3 years

Objective assessment Subjective assessment
Class A Class B Class C + D Class A Class B Class C + D

Incompetent terminal valve 4 (4.0) 25 (25.0) 71 (71.0) 3 (3.0) 23 (23.0) 74 (74.0)
Competent terminal valve 85 (85.0) 15 (15.0) 0 (0) 86 (86.0) 14 (14.0) 0 (0)
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who asked if the femoral vein would not suffer an 
overload after CHIVA, this study was designed. 
Hach postulated that the tributary blood (N3) 
draining through the saphenous vein (GSV, N2) 
into the deep vein (N1) usually through the 
sapheno-femoral junction could overload the 
femoral vein. Usually it would never circulate 
through the femoral vein. But after the crossot-
omy in the context of CHIVA, this blood will 
flow retrogradely and drain through a thigh or 
calf perforator. Thus, the femoral vein and the 
common femoral vein (CFV) distal to the 
sapheno-femoral junction would be overloaded 
with it after the treatment. The aim of this study 
was to discover long-term effects of CHIVA on 
diameters of the CFV.

Patients underwent drained interventions 
(CHIVA 2 in one or two steps, depending on the 
evolution or crossectomy) (Note that in Germany 
the crossotomy is not reimbursed; thus a crossec-
tomy has to be performed.) In the first step, the 
evolution of diameters of GSV at the proximal 
thigh and the diameter of the CFV was measured 
[19]: In a prospective multicentre study, 557 legs 
of 458 patients were scanned with ultrasound 
preoperatively measuring the diameter of the 
common femoral vein distal to the sapheno- 

femoral junction, as well as the diameter of the 
great saphenous vein 10–15 cm distal to the groin 
in standing position. Three hundred and eighty- 
three patients with 470 treated legs (84.4%) 
returned to follow-up between 8 and 25  weeks 
after surgery for a duplex examination. Diameters 
of the great saphenous vein and common femoral 
vein were compared pre- and postoperatively. 
The diameter of the great saphenous vein changed 
from 6.1 mm preoperatively to 4.5 mm postop-
eratively in the female group and from 6.8 to 
5.1 mm in the male group. The diameter of the 
common femoral vein changed from 14.0  mm 
preoperatively to 13.7 mm postoperatively in the 
female group and from 16.5 to 16.1 mm postop-
eratively in the male group, all these results being 
statistically highly significant.

In the second investigation [17], the long-term 
effect on the diameter was controlled after 5 years 
in 43 patients included in the first trial. Clinical 
class (CEAP) and refilling time were compared to 
preoperative values and values after 8 weeks. The 
patients were evaluated 5.36 years after CHIVA 
intervention. The diameter of the CFV and the 
diameter of GSV were reduced significantly also 
over 5 years (see Table 10.16). The C class was 
reduced from 2.77  ±  0.81 preoperatively to 

Table 10.15 Duplex assessment of reflux in the great saphenous vein after 1 and 3 years

One-year follow-up Three-year follow-up

Incompetent 
terminal valve

Competent 
terminal 
valve Odds ratio P

Incompetent 
terminal 
valve

Competent 
terminal 
valve

Odds 
ratio P

Recurrence 
sapheno- 
femoral 
junction

58 (58.0) 2 (2.0) 67.7 
(15.8–290.1)

<0.0001 71 (71.0) 3 (3.0) 9·2 
(23.2–
270.2)

<0.0001

Recurrence 
from new 
incompetent 
tributary

4 (4.0) 5 (5.0) 1.2 
(0.4–3.7)

0.783 7 (7.0) 6 (6.0) 1.2 
(0.4–3.7)

0.783

Recurrence 
at site of 
tributary 
ligation

4 (4.0) 4 (4.0) 1.0 
(0.2–4.1)

1.000 4 (4.0) 5 (5.0) 0.8 
(0.2–3.0)

1.000

Overall 
great 
saphenous 
vein 
recurrence

66 (66.0) 11 (11.0) 17.5 
(8.0–37.9)

<0.0001 82 (82.0) 14 (14.0) 31.5 
(14.4–
68.6)

<0.0001
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1.72  ±  1.10 after 5  years (p  =  0.007). Refilling 
time in photoplethysmography was prolonged 
from 15.24  ±  6.18  s to 21.61  ±  9.2  s preopera-
tively after 5 years (p = 0.022).

The authors concluded that not only on a 
short-term but also a long-term result the treat-
ment with CHIVA reduced the diameter of the 
CFV and GSV as well as the C class of CEAP 
and improved the refilling time.

10.3.3  Role of Surgical Technique 
(Stripping vs. CHIVA) 
and Surgeon’s Experience 
on the Outcome of CHIVA [20]

This study was a retrospective analysis compar-
ing the outcome after stripping versus CHIVA 
(5-year follow-up) in two periods of time: The 
first group concerned the patients treated in the 
years 1995–2000 after learning about CHIVA, 
the second the patients treated between 2001 and 
2005 after the team was trained in the method. 
The outcome measurement was performed with 
Hobbs criteria, including cure with no visible 
varices and failure in case of varices of more than 
0.5 cm diameter.

In the first period, 223 patients underwent 
stripping and 88 CHIVA. A cure was achieved in 
30.9% after stripping and 12.6% after CHIVA 
(p < 0.05); a failure was found in 47.5% of strip-
ping and 67% of CHIVA patients (p < 0.05).

In the second period, 186 patients were treated 
with stripping and 208 with CHIVA.  The cure 
rate in the stripping group remained constant at 
29.5% and changed in the CHIVA group to 
44.2% (p  <  0.05). 46.7% of stripping patients 

were classified as failure and 30.2% in the CHIVA 
group (p < 0.05). 1.6% in the stripping group had 
permanent neural damage compared with none in 
the CHIVA group.

In the second observational period, the results 
reach the level of other publications. The authors 
conclude that significant training and adequate 
experience of vascular surgery and ultrasound 
mapping are required to perform CHIVA suc-
cessfully. Achieving good results with this 
method is much more challenging than with tra-
ditional stripping.

10.3.4  Multiple Ligation 
of the Proximal Greater 
Saphenous Vein in the CHIVA 
Treatment of Primary 
Varicose Veins [21]

To determine whether a crossotomy is necessary 
or a ligation could be performed instead for 
safety reasons on ambulatory patients, 199 legs 
underwent follow-up after sapheno-femoral 
interruption in the CHIVA context with three dif-
ferent techniques. Common to all techniques was 
a titanium clip (10  mm long and 1  mm thick) 
placed flush with the femoral vein in order to pre-
vent the presence of a residual saphenous stump:

• Group 1: (N = 61) Crossotomy (with interrup-
tion of the sapheno-femoral junction, follow-
 up 29 months)

• Group 2: (N = 82) Triple saphenous flush liga-
tion (TSFL) was performed with a No. 2 
 non- absorbable braided coated suture (follow-
up 14 months)

• Group 3: (N = 56) Triple polypropylene liga-
tion (TPL) with No. 0 polypropylene (follow-
 up 12 months)

In the first two groups, the rate of new reflux 
with Valsalva at the SFJ Level was 6.1%; in the 
second (shorter follow-up!), the reflux rate at the 
SFJ under Valsalva was 4.9%, showing no statis-
tical difference to group 1. In group 3, a recanali-
zation rate of 37.5% was found after 1 year; the 

Table 10.16 Evolution of diameters of the common 
femoral vein (CFV) and great saphenous vein (GSV) at 
the proximal thigh

Prior to 
intervention

After 
8 weeks

After 
5 years

Diameter 
CFV

15.4 ± 2.9 15.1 ± 2.3 14.2 ± 2.6

Diameter 
GSV

7.0 ± 2.0 5.0 ± 1.5 4.4 ± 1.4
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difference between groups 3 and 1, as well as 
group 2, was highly significant with p < 0.001.

10.3.5  Hemodynamic Classification 
and CHIVA Treatment 
of Varicose Veins in Lower 
Extremities (VVLE) [22]

Prospective comparison of 150 patients with var-
icose veins is divided into three groups: one with 
high ligation and stripping, one with high ligation 
and LASER of the saphenous vein and one with 
CHIVA, with follow-up of 18 months. This work 
was supported by the Scientific Program of 
Medicine and Health in Zhejiang Province: 
2014KYB263.

No differences in CEAP or shunt types 
between both groups were found. The surgery 
time was less in the CHIVA group compared to 
the other two groups (p < 0.05), and the incision 
length was less in the LASER and CHIVA group 
compared to the surgery group (p < 0.05).

Results and complications are depicted in 
Table 10.17.

The article concludes that CHIVA produces 
less cost and is less invasive and has lesser com-

plication, with a better cure rate and lesser recid-
ives, though a learning curve has to be 
considered.

10.3.6  CHIVA: A Prospective Study 
of a Vein Sparing Technique 
for the Management 
of Varicose Vein Disease [23]

This is a prospective study assessing the rate of 
recurrence of venous reflux with CHIVA.  The 
authors evaluated 150 primary procedures with 
clinical and duplex ultrasound examinations pre- 
and postoperatively. Patients were followed at 
<3-month and >1-year post-op. Postoperative 
duplex assessment of reflux was performed in 
supine position; the intervention at the sapheno- 
femoral junction site consisted in double ligation 
with 2–0 silk at 2  cm of the sapheno-femoral 
junction (this means distal to the confluence of 
epigastric veins).

Recurrence was defined as reflux in the great 
saphenous vein at the thigh on duplex examina-
tion (Table 10.18).

There was no documented recurrence at the 
early follow-up. To date, 58 legs have completed 
the late follow-up, and reflux was found in duplex 
ultrasound in 5 legs resulting in a recurrence rate 
of 8.6%, 95% CI (2.4%, 19%). None of these 
patients had clinical complaints. The authors 
concluded that the recurrence rate using the 

Table 10.17 Comparison between the results after strip-
ping, LASER and CHIVA after 18 months

Groups
Traditional 
surgery

High 
ligation 
and 
LASER CHIVA

Total number 50 50 50
Cure 25 (50%)

p < 0.05 vs. 
LASER group, 
p < 0.01 vs. 
CHIVA group

32 (64%) 41 
(82%)

Recurrence 5 (10%)
p < 0.05 vs. 
CHIVA group

32 (64%) 2 (4%)

Superficial 
vein 
thrombosis

4 (8%) 3 (6%) 1 (2%)

Ecchymosis 4 (8%) 3 (6%) 1 (2%)
Numbness 6 (12%) 5 (10%) 0
Phlegmon 5 (10%) 4 (8%) 1 (2%)

Table 10.18 Outcomes at <3-month and >1-year 
follow-up

Male
N = 38 
(25%)

Female
N = 112 
(75%)

Total
N = 150 
(100%)

Outcome at early follow-up
Recurrence 0 (0%) 0 (0%) 0 (0%)
No recurrence 38 (25%) 112–75% 150 (100%)
Bruising 0 (0%) 2 (3%) 2 (3%)
Superficial 
thrombophlebitis

1 (2%) 2 (3%) 2 (3%)

Outcome at 1-year follow-up
Recurrence 1 (2%) 4 (7%) 5 (9%)
No recurrence 14 (24%) 39 (67%) 53 (91%)
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CHIVA method compared favourably with vein 
ablation techniques. High patient satisfaction, 
low complication rate and low cost encourage to 
pursue further study using this technique.

10.3.7  Endoluminal Treatment 
of Great Saphenous Vein 
in the CHIVA Context [24]

In its description, the CHIVA strategy was per-
formed with surgical techniques [22]. After the 
introduction of endoluminal heat techniques, this 
first approach had the aim to compare LASER 
and radiofrequency applied over short segments 
closing the saphenous junction in the CHIVA 
context. One hundred and four patients were 
investigated before and 3–6  months after the 
treatment of the great saphenous vein (GSV) with 
CHIVA strategy using endoluminal heat tech-
niques to close the groin segment (75 patients 
with VNUS ClosureFast or 29 patients with 
LASER [1470 nm, Intros radial]).

A significant reduction of diameters of GSV at 
the proximal thigh and VFC, as well as a reduc-
tion of clinical scores, was found (see 
Table  10.19). These results are comparable to 
those achieved after surgical crossectomy (see 
Table 10.16). The author concludes that it seems 
to be possible to apply endoluminal heat tech-
niques in the context of the CHIVA strategy. No 
difference could be found between both tech-
niques, LASER and VNUS ClosureFast.

10.4  Further Publications

10.4.1  German CHIVA Group 
Consensus: How to Treat 
Veins When Stripping, CHIVA 
Endoluminal Treatments 
and Foam Sclerotherapy  
Are Available? [18]

In 2010 on a meeting of the German Society of 
CHIVA, a consensus was developed about how to 
treat a great saphenous vein insufficiency depend-
ing on type of shunt and length of reflux having 
the options to apply ablative strategies (stripping, 
endoluminal heating or foam sclerotherapy) or 
CHIVA to find a consensus for treatment of the 
refluxive great saphenous vein (GSV) [12].

Nineteen participants (14 surgeons, 4 of them 
are vascular surgeons, 4 internists, 1 dermatolo-
gist and 1 general practitioner, the latter 6 coop-
erating in their office with surgeons) presented 
different forms of reflux in GSV and different 
patient situations (age, obesity, multimorbidity). 
They gave their votes to “therapy is possible”, “is 
useful” or “is optimum”. In the first two options, 
more than one could be mentioned; optimum 
could only be given to one treatment option. All 
participants were familiar with all methods, but 
only 13 participants used foam sclerotherapy 
regularly.

All methods were considered as possible in all 
situations of refluxive GSV. Stripping, endolumi-
nal heating procedures and CHIVA had mentions 

Table 10.19 Diameter of the common femoral vein (D CFV) and great saphenous vein (D GSV) at the proximal thigh 
and clinics prior to intervention (pre) and evolution after CHIVA with endoluminal heat devices (post)

VNUS pre VNUS post p LASER pre LASER post p All pre All post p
Mean ± SD Mean ± SD N = 75 Mean ± SD Mean ± SD N = 29 Mean ± SD Mean ± SD

D CFV 15.1 ± 2.3 14.6 ± 2.2 0.001 15.5 ± 2.5 15.2 ± 2.1 0.347 15.1 ± 2.5 14.7 ± 2.3 0.000
D GSV 6.5 ± 1.7 3.7 ± 1.1 0.000 6.6 ± 1.6 3.9 ± 1.3 0.000 6.5 ± 1.9 4.1 ± 1.5 0.000
VCSS 5.4 ± 2.8 2.1 ± 1.7 0.000 6.3 ± 4.0 2.5 ± 2.8 0.000 5.6 ± 3.3 2.0 ± 2.0 0.000
C (CEAP) 3.2 ± 1.0 2.1 ± 1.0 0.000 3.4 ± 1.1 2.1 ± 1.4 0.000 3.1 ± 1.0 2.1 ± 1.3 0.000
PPG 20.6 ± 11.1 30.1 ± 10.7 0.000 19.4 ± 10.6 24.6 ± 7.5 0.072 20 ± 10.8 28.8 ± 10.1 0.000

PPG refilling time after photoplethysmography
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as useful in more than 50% of all cases, foam 
slightly less. Stripping is more often mentioned 
as above- and below-knee refluxes, foam in 
shorter refluxes (only above knee) and thinner 
veins. Stripping, CHIVA and endoluminal proce-
dures were mentioned in 30% of cases, foam in 
10%. In the category “optimum,” foam had 5% of 
mentions, especially in cases of short reflux, thin 
veins and obese patients. Stripping was found 
optimum in 6% of cases: postphlebitic GSV and 
large GSV with refluxes above and below knee. 
Endoluminal techniques had 33% of mentions as 
optimum, especially in case of large veins and in 
all cases of obese patients. CHIVA was men-
tioned as optimum in 56% of cases. A special 
indication is the reflux only above knee with no 
re-entry to the deep vein from GSV and generally 
in case of short refluxes independently of diame-
ter and in long refluxes in a thin GSV.

Venous sparing options were mentioned to be 
optimum solution for the patient in 56% of the 
cases. The surprising conclusion was that the 
only procedure reimbursed by health insurances 
(stripping) by that time was no longer seen as 
optimal treatment option. The consensus result 
has an obvious bias, as all the voters were mem-
bers of the Society of CHIVA and familiar with 
CHIVA—but they were also familiar with the 
other techniques. On private bases, endoluminal 
techniques receive higher reimbursement than 
CHIVA, and still the votes were favourable to 
CHIVA. Further discussions and trials have to be 
completed to find the optimal treatment option 
for each reflux situation.
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11.1  Introduction

Saphenous sparing surgery is performed all 
around the world. Very different health-care sys-
tems lead to difficult diagnostic and treatment 
settings; in some countries, different persons per-
form ultrasound and surgery as a rule; in others, 
surgeons are educated in ultrasound and can per-
form their own investigation. Another problem 
might be the reimbursement situation, sometimes 
with clear differentiation between national 
health-care systems and private (often self- 
paying) medicine, sometimes with long waiting 
lists. So, in this chapter, the optimal settings are 
described, as well as the post-operative care rec-
ommendations applied in the environment of the 
authors. Obviously national regulations must be 
attended, and every unit for venous treatment will 
find the proper way between ideal treatment set-
tings and local rules.

When Claude Franceschi first published his 
ideas about saphenous vein sparing surgery 
in his book CHIVA in 1988 [1], the idea to 
do venous surgery on ambulatory bases was 
like a revolution. Saphenous surgery 
(mostly stripping) was performed as in- 

house procedures. In most of the countries, 
even the diagnostics of varicose veins was 
performed only in specialized centres, most 
often attached to hospitals or big health- 
care centres for specialized medicine. Also 
in Germany, one of the only countries where 
specialized medicine was carried out in 
offices and surgery offices offered possibil-
ity to do the small surgery like crossectomy 
and stripping outside a hospital, varicose 
vein stripping was the domain of clinics and 
a good source of income for the house.

So, the “A” in CHIVA, which stands for 
“ambulatory”, was sometimes more revo-
lutionary than the theory to spare saphe-
nous veins itself. The “A” could harm some 
pockets. The different country structures 
play a role in the acceptance or not of a new 
procedure. There are two examples: in 
Germany, the decision makers (chiefs of 
departments in hospitals) are paid by per-
formance. CHIVA was not welcome in the 
1990s when venous surgery was in-house 
based—this only changed after a reim-
bursement reformation in 2005. In Spain 
and in the context of the national health- 
care system, the vascular surgery is only 
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11.2  Preoperative Assessment

11.2.1  Preoperative Assessment 
of the Patient

Prior to talk about interventions, the indication 
to perform the treatment must be clear. The 
patient should be explained the therapeutic 
options, why a venous sparing technique is rec-
ommended, and what the advantages and disad-
vantages could be. He must be introduced to the 
risks and the things he must take care of after the 
surgery (see Sect. 11.5). This informed consent 
must be written down and signed by the surgeon 
and the patient.

Depending on the planned intervention and 
the personal risk factors of the patient, a blood 
sample will be taken for cell count, coagulation, 
and in case of a planned general anaesthesia 
those parameters the anaesthesiologist wishes.

Both legs might be treated at the same day or 
in different sessions. In case of large veins and 
cardiac problems, it might be recommended to 
treat one leg first and after at least a week the 
other to avoid right heart overload.

11.2.2  Contraindications for Venous 
Sparing Surgery

Venous sparing surgery shares most of the con-
traindications of general surgery.

Absolute Contraindications
• Pregnancy (because every unnecessary inter-

vention should be avoided during pregnancy 
to protect the unborn child)

• Acute deep leg vein thrombosis (up to 6 moths 
subsequently)

• Acute infection of the leg or groin region
• All general contraindications for surgery

Relative Contraindications
• Severe arterial obstructive disease (see Sect. 

11.6.4).
• If the patient does not understand the need to 

attend for post-operative examination and the 
need to possibly undergo a second intervention.

• If the patient does not understand that there 
may be no immediate visible improvement 
after the first operation or does not want to 
cope with the fact that the veins do not disap-
pear immediately.

• Post-thrombotic occlusion of the deep leg 
veins with secondary varices acting as a 
bypass. Nevertheless, targeted ligations may 
allow some improvement to be achieved.

Indications for varicose vein surgery are dis-
cussed in Chap. 14.

11.2.3  Preoperative Assessment 
of Venous Reflux

Given the indication to perform the intervention, the 
first step is to do a cartography with a clear descrip-
tion of the shunt type and the recirculations involved, 
with exact knowledge of reflux points and drainage 
pathways. Then the disconnection points are 
marked on the skin immediately prior to the surgical 
intervention or sometimes—due to organizational 
aspects—the day prior to the surgery.

To apply CHIVA properly, the preoperative 
cartography of the venous system is mandatory. 
All steps needed to perform the duplex investiga-
tion are explained in Chap. 4 and in specialized 
textbooks. Usually history, physical examination, 
and duplex ultrasound are enough as preoperative 
venous examination. In case of complex disease, 

performed in hospitals. Chiefs of depart-
ments in hospitals earn their money inde-
pendently of the amount of procedures 
performed or the sales achieved. One of the 
best Spanish departments of vascular sur-
gery in Barcelona learned about CHIVA 
between 1988 and 1992 and then decided 
to apply mainly CHIVA. All their residents 
were taught about CHIVA. They spread 
over Spain thereafter. Within 2005, more 
than 50% of all surgical venous procedures 
performed in Spain were CHIVA.
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further explorations are needed, and the possibil-
ity to perform them or to send a patient to have 
these explorations done must be organized.

The marking on the skin can be performed in 
different ways. Permanent markers will still be 
visible after applying skin disinfection but will 
not paint on the skin when it is wet with ultra-
sound gel. So, some colleagues use coal eyeliners 
for the painting on wet surface.

The marking is performed in standing posi-
tion. The course of the refluxive saphenous vein 
is marked on the skin, as well as relevant tributar-
ies with their tortuosity. Then, preferably with a 
different colour, the places where disconnections 
are to be performed are marked. Different tech-
niques of marking have been developed by differ-
ent teams, so the ones presented here should only 
be an orientation (see Figs. 11.1, 11.2 and 11.3).

a b

c d

e f

Fig. 11.1 Schematic examples of marking on the skin. 
In this case green shows the course of a vessel, and black 
is the place where the disconnection will be performed. 
(a) Marking of two connected tributaries. At the branch-
ing point, one of them will be disconnected. The black 
line shows the correct place. As these tributaries run 
immediately under the skin, no indications of the depth 
are necessary. (b) These tributaries run deeper under the 
skin. The black line indicates the disconnection point, 
the first number the depth of the vein wall, and the sec-
ond number the diameter of the vein in mm. (c) 
Saphenous vein with branching tributary. The discon-
nection of the tributary must be performed under the 
saphenous fascia. To ensure this information, the F is 
painted on the leg, and the black line is reinforced with 
two crossbeams. (d) Incompetent perforating vein filling 

a tributary. Planned disconnection of the perforating 
vein. The circle shows that the structure to be discon-
nected is a perforating vein; this information is rein-
forced by the P written on the skin. The tributary ends in 
the circle. The numbers indicate the depth of the fascia 
from the skin and the diameter of the perforator at this 
level in mm. (e) Direct incompetent perforating vein fill-
ing a saphenous vein. The circle shows that the structure 
to be disconnected is the perforating vein, reinforced 
with the written P. As it is marked on the course of the 
saphenous vein, it is obvious that it is connected to the 
saphenous vein. The numbers indicate the depth of the 
fascia and the diameter of the perforating vein in mm. (f) 
Refluxive tributary. This tributary shall be treated with 
phlebectomy; many little interruption lines in black are 
the signal for this. With permission by [10]
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In the same way, the result of the investigation 
has to be written down in the records of the 
patient and as the base for the surgery. Also in 
this case, the team is free to choose one form of 
representation, but it should be clear to the sur-
geon what is expected from him, and it should be 
clear in case of further interventions what exactly 
was done in the prior occasions. Examples are 
shown in Fig. 11.4.

11.3  Surgical or Interventional 
Settings

11.3.1  Technical Aspects

In the context of CHIVA, different techniques 
will be applied: from sclerotherapy with or with-

out ultrasound control, intervention on tributaries 
(only disconnection or phlebectomy), to surgery 
at the sapheno-femoral and sapheno-popliteal 
junctions and perforators or deep vein recon-
struction. As new modalities, endoluminal heat 
or glue techniques are currently being introduced 
(see also Chap. 7 and Sect. 14.1.2).

The surgical theatre must be prepared to allow 
these procedures, fitted with ultrasound devices 
able to be used in the surgical setting, sterile 
material, and experienced personnel. All the 
locally typical regulations have to be taken into 
account. The physician must have a proper pro-
fessional liability insurance. It must be made sure 
that the patient will be able to reach the surgeon 
or another person with knowledge of the proce-
dures in case of possible complications after the 
intervention.

a b

Fig. 11.2 (a) Image of a mapping according to Fig. 11.1. 
Visible veins marked in green, GSV marked with a green 
straight line. Shunt type 3 with incompetent GSV (compe-
tent terminal valve, incompetent preterminal valve) with 
reflux above and below knee, into a tributary below the 
knee. This “CHIVA 2 Point” is interrupted (F and Line 
with crossbeams), as well as two further tributary branch-
ing points with indication of depth and diameter of vein. 
(b) As the permanent markers do not paint on ultrasound 
gel and it is bothering to always guess, mark, double 

check, and correct, another way to securely mark the tar-
get on the skin is marking a crosshair, whilst the branch-
ing point or the perforator or the sapheno-popliteal 
junction is just below the transducer. The palpable and 
visible veins are marked in green, and then the longitudi-
nal course of the saphenous vein is marked first (black line 
with longitudinal course), and the location of the junction 
between the tributary and the saphenous vein is marked 
afterwards crosswise. With permission by [10]
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Fig. 11.3 Image of another type of mapping. Another 
kind of cartography, more detailed with kind permission 
to publish by Roberto Delfrate, Cremona, Italy (for 
details, see Fig. 11.4b). With permission by [10]

a b

Fig. 11.4 Cartography with the result of the investiga-
tion; different types of cartography are possible; free hand 
painting of the reflux pathways, shunt types, and discon-
nection points must be marked in the scheme. (a) The 
empty scheme contains the deep and the saphenous veins 
as lines. During the cartography, the flow direction and 
relevant connections are marked. Cartography of a pel-
vine shunt type 5 in the great saphenous vein with drain-
age through a tributary and planned disconnection 

(CHIVA 2), corresponding to the photo in Fig. 11.2b. (b) 
Cartography with the result of the investigation corre-
sponding to the clinical case of Fig. 11.3. The empty 
scheme contains the leg shape, a segment of the deep 
veins at knee level (popliteal vein) and at groin level, and 
the dotted lines for the GSV and SSV. The recirculation 
circuit is painted in the scheme. In this case, we find shunt 
types 1 and 2. With permission by [10]
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If the surgeon is not the person doing the pre-
operative mapping, he should know his duplex- 
partner perfectly and should be able to understand 
his markings on the skin and the different paint-
ing options he gives him. Figures 11.1, 11.2 and 
11.3 display some option of marking on the skin, 
and Fig. 11.4 shows different options of how to 
draw the result of the cartography on a paper, 
serving as guide for the intervention.

11.3.2  Anaesthesia During 
the Intervention or Surgery

In regular saphenous sparing surgery, setting the 
intervention can be performed under local anaes-
thesia. Sometimes, preferences of the surgeon or 
the patients are to perform the intervention in 
sedation or general anaesthesia, this will have to 
be discussed with the patient.

Deep vein reconstruction (see Chap. 8) is 
surely best performed under general anaesthesia.

11.4  Perioperative Management

11.4.1  Anticoagulation

The normal guidelines for prophylaxis against 
deep vein thrombosis in leg vein operations also 
apply to saphenous sparing surgery. It can be per-
formed almost always on ambulatory, usually 
without general anaesthesia. According to the 
guidelines, low-molecular-weight heparin is not 
required by otherwise healthy patients without a 
history of thrombosis. The use of this prophylac-
tic is however still widespread in hospitals and 
operations under general anaesthesia, no doubt 
for logistic or forensic reasons.

The German CHIVA Association recom-
mends administration of heparin in the following 
situations:

• After the first step of CHIVA 2 (see Sect. 
6.4.1)

 Thrombosis of the saphenous trunk veins is a 
possible complication of CHIVA interven-
tions. If it occurs in the proximal segment of a 

saphenous vein, it may ascend to the deep 
vein, since the junction has not been inter-
rupted. To avoid this complication, the patient 
is prescribed a prophylactic dose of low- 
molecular heparin for 10 days.

• Shunt type 1
 If the great or small saphenous vein presents 

very a large calibre (greater than 8.5–10 mm 
diameter at mid-thigh) over long segments, 
post-operative superficial vein thrombosis, if 
it occurs, is generally painful [2]. We there-
fore prescribe a prophylactic dose of low- 
molecular heparin for 10 days.

• A prophylactic dose of low-molecular heparin 
is generally prescribed for 5 days in case of 
surgery at the sapheno-popliteal junction.

A blood count is done before the operation to 
count the thrombocytes, and the patient is recom-
mended to have another check-up 5–7 days after 
the operation if heparin is administered for more 
than 5 days.

In Spain, low-molecular-weight heparin is 
given as a rule to every patient for 7 days after 
saphenous vein sparing surgery [3].

Independently of the different country cus-
toms applying anticoagulation after surgery, it is 
important to keep in mind that after the first step 
of CHIVA 2 a superficial vein thrombosis of the 
proximal saphenous segment could progress into 
the deep vein, and therefore preventive anticoag-
ulation has to be installed after surgery, espe-
cially if the saphenous vein is dilated.

11.4.2  Compression

The indication for post-operative compression 
after venous sparing strategy differs from that after 
venous ablation. After stripping or endothermal 
heat ablation and phlebectomy, compression is 
given for oedema and haematoma reduction, thus, 
to reduce the pain level. After stripping, all the 
enlarged veins have been removed, so the 
 compression does no longer target the veins 
themselves.

In case of venous sparing surgery, compres-
sion targets the treated veins: their calibre is large 
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at first, but they carry less blood than before the 
intervention because the recirculation volume 
has been eliminated. Thus, compression takes on 
the role of prophylaxis against thrombosis in the 
superficial leg veins. The external pressure pre-
vents the distended veins from filling when the 
patient is standing, reducing the flow turbulence 
as far as possible. This reduces the residence time 
of the blood in the veins. It also assists vein 
regeneration, since contraction of the vein wall is 
accelerated if distension is avoided. The period of 
postsurgical recovery of the vein tonus depends 
on the preoperative distension.

The patient is fitted with a compression stock-
ing on the operation table. This is kept on for the 
first night, but thereafter it need only be worn 
during the day. The legs do not need to be ban-
daged, as there is no significant danger of sec-
ondary bleeding or haematoma formation.

The following parameters must be observed 
for compression:

• Compression class: Depending on the coun-
tries’ and the patient’s settings, compression 
stockings with either 15–22 or 22–32 mmHg 
at the ankle should be selected.

• Length of the stocking: The highest reflux 
source must be compressed by the stocking. It 
is known that compression stockings cannot 
apply a very high pressure on the thigh, but at 
the top edge of the compression stocking how-
ever, the pressure difference from stocking to 
no stocking is quite enough to cause a reduc-
tion in the calibre of the superficial leg veins, 
which can lead to thrombosis. The upper edge 
of the compression stocking should therefore 
never lie across the course of a treated vein 
(see Fig. 11.5). Compression tights or a long 
compression stocking up to the groin is rec-
ommended after treatment of great saphenous 
vein or perforators at the thigh region. In case 
of treatment of the small saphenous vein, a 
thigh stocking is necessary in most of the 

a b

Fig. 11.5 (a) Diagram of a thigh with compression 
stocking reaching only up to mid-thigh after disconnec-
tion of the sapheno-femoral junction. The blood from 
thigh tributaries is draining towards the perforators at 
distal thigh and below knee (arrowed). The top edge of 
the compression stocking causes a reduction in the cali-

bre of the treated but still distended vein. (b) The diam-
eter change increases the risk of superficial vein 
thrombosis higher up the leg. A thrombus is shown in the 
vein. With Permission by [10]
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cases, as the incision to treat the junction is 
performed in the knee fold and a knee-long 
stocking would not cover the region.

• Compression period: Depending on the sever-
ity of the clinics, we recommend wearing 
compression for 4–6 weeks after the opera-
tion. The leg should be free of compression 
for 1–2 weeks before the post-operative exam-
ination, to make it easier to identify any vari-
cose connections, which may arise in duplex 
ultrasound. In cases of deep vein insufficiency, 
venous ulcer, or advanced chronic venous 
insufficiency, use of the compression stocking 
must of course be continued, even before the 
post-operative examination.

11.4.3  Adjunctive Prescription

As a rule, very little discomfort is caused by opera-
tion under local anaesthetic. The alternative of 
general anaesthesia is available for fearful patients. 
If pain or nervousness arise in the context of an 
operation under local anaesthetic, the anaesthesia 
can be supplemented intraoperatively with pain-
killers and/or an anxiolytic agent, depending on 
the nervousness or pain suffered by the patient.

On the day of the operation, the author gives 
the patient two tablets of paracetamol 500 mg, in 
case of immediate pain from the wounds after 
surgery. According to an in-house survey, only 
21% need the tablets.

On the day of the operation, the patient is handed 
out a prescription for ibuprofen 400 mg in case 
thrombosis of the superficial veins should occur. 
Taking this medication soon after the onset of dis-
tress it will not of itself prevent thrombosis, but it 
can clearly reduce the pain amount and its duration. 
If the patient has strongly pronounced tributary con-
volutes, this medication can be administered as a 
prophylactic in the first days after the operation.

11.5  Post-operative Lifestyle 
Indications

Even if the patient is operated under local anaes-
thetic, we recommend against eating or drinking 
for a few hours before the operation, in case of an 

allergic reaction or other complications, which 
would make intubation necessary. The patient 
must also be warned that he is not allowed to 
drive for 24 h after the administration of local 
anaesthetics (under German law). He must there-
fore arrange to be collected or use public trans-
port to return home.

The patient will be mobile immediately after 
the operation. He should walk for half an hour 
immediately after the operation to prevent the 
risk of superficial and deep vein thrombosis. The 
wounds may then be checked again for bleeding. 
The patient can then normally leave the office or 
hospital and can return to work the following day. 
Only patients whose jobs require them to lift 
heavy weights (including nursing staff!) should 
be given 1 weeks’ sick leave or a medical certifi-
cate saying that they must not lift heavy weights. 
Lifting heavy weights may prejudice vein regen-
eration, especially after tributary disconnection 
only (CHIVA 2).

The patient is informed about the possibilities 
of bleeding, haematoma formation, and superfi-
cial vein thrombosis formation. In case one of 
these occurs, the patient is given a contact tele-
phone number where he can request further 
information or is asked to return to the hospital, if 
the treatment was performed there.

On the day of the operation, we give every 
patient a sheet “What I can and cannot do after 
the operation”. This is very helpful for the patient 
and has saved us a lot of telephone calls with 
questions. It contains the following information:

After the intervention, it is important to 
behave as normal as possible. Usually there 
is no pain; walking around and doing usual 
homework are possible without restric-
tions. You should avoid carrying heavy 
weights (over 20 kg) to avoid haematoma 
formation in the first week. If possible, take 
walks of about 20–30 min twice or three 
times a day in the first week.

If you are returning home by car over a 
long distance, please ask the driver to stop 
after every 30 min to have a little walk.
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11.6  Surgical Management 
in Special Situations

Saphenous vein sparing principles are always a 
good option to treat a patient, because of less side 
effects and less recidives (see Chap. 10). But in 
some cases, the indication to harm less is most 
important, like in obese patients with comorbidi-
ties, multi-morbidity, anticoagulation, legs with 
infections like in the case of venous ulcers, and, 
above all, arterial disease that would benefit from 
a recovered saphenous vein to be used as a bypass 
later on.

11.6.1  Treatment of Obese Patients

The number of obese patients is ascending all 
around the world. Surgery of varicose veins in 
these patients is a challenge, as the veins run 
much deeper in the leg, they often suffer co-mor-
bidities and are very difficult to be fitted with 
compression stockings.

Nevertheless, in case of reflux and obesity, the 
progression of skin changes at the ankle will be 
quicker, as the lymphatic flow reduction due to 
obesity plays a synergistic role.

These patients are special cases where the tis-
sue lesion should be as little as possible to reduce 
infection risk and the surgery time as short as 
possible to reduce thrombus formation. The best 
choice is to close only the proximal insufficiency 
point, if possible with endothermal heat avoiding 
large incisions, and then wait for calibre reduc-
tion in the veins and decide in a second investiga-
tion some months after the first, if further steps 
have to be taken.

11.6.2  Treatment of Patients 
with High Risk of Bleeding

Atrial fibrillation and other diseases make it nec-
essary to take anticoagulating agents. Surgery of 
varicose veins in these patients should be the less 
aggressive as possible. So, these patients are per-
fectly fitted with saphenous sparing surgery, as 
no stripping channel with haematoma formation 
will be produced. A simple Crossotomy can be 
performed under anticoagulation, as well as the 
endoluminal heat treatment of the sapheno- 
femoral or sapheno-popliteal junctions. Tributary 
disconnections without phlebectomies are possi-
ble under anticoagulation, too.

11.6.3  Treatment of Patients 
with Venous Ulceration

Chronic venous ulcers are always contaminated 
with bacteria. This increases the risk of infection 
in case of surgery with subfascial wound forma-
tion like stripping and SEPS (subfascial endo-
scopic perforator surgery). Venous ulcers caused 
by superficial venous reflux mostly depend on 
reflux at the junctions or large perforators. Most 
often the simple disconnection of these reflux 
sources will lead to ulcus healing without the 
need of stripping or ablating veins.

Zamboni et al. could demonstrate the superi-
ority of CHIVA against compression alone in 
case of leg ulceration [4]; see Sect. 10.2.1.

The plaster can be taken off 2 days after 
surgery and replaced by a new one. You 
can take showers 48 h after surgery; bath-
ing is not allowed for 14 days. Seven days 
after surgery, the stitches have to be 
removed.

Compression stockings should be worn 
the first night and then throughout the day 
for 6 weeks. Please stay without compres-
sion at least 1 week before returning to the 
next ultrasound control.

If heparin was prescribed, please inject 
it every day at the same time.

In case of pain and reddening along the 
treated vein, a superficial vein thrombosis 
has to be suspected. Please start taking ibu-
profen 400 mg up to three times a day after 
a meal immediately to reduce the pain, and 
contact us in case the pain did not reduce 
significantly after 1 day.

Please return to the scheduled visit after 
2–3 months.
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11.6.4  Treatment of Patients 
with Arterial Disease

Patients with arterial obstructive disease and vari-
cose veins always present a challenge. Clearly, they 
should not be caused any unnecessary wounds. 
Patients with severe arterial obstruction must not 
be treated conventionally with compression stock-
ings. But in case of mixed ulcers, the treatment of 
the venous disease often improves the clinical situ-
ation significantly, sometimes allowing an arterial 
revascularization after reducing the risk of infec-
tion operating on a leg with a chronic wound.

Most often ulcerations occur in case of incom-
petent saphenous junctions. They can be treated 
easily with endoluminal heat occlusion without 
producing skin incisions. If arterial flow in the 
thigh is good, and only worsens in the lower leg, 
then a crossectomy is perfectly feasible. There is 
no fear of poor healing of a wound in the groin in 
these patients, so long as arterial flow is still good 
in this region. The closure of the reflux point will 
lead to a healing of the ulcer in most of the cases.

Post-operative compression will be applied 
depending on the arterial perfusion. In worst 
cases, no compression will do.

It is particularly important to maintain saphe-
nous veins for bypass material in these patients, 
so these patients present with special indications 
to perform saphenous sparing surgery.

11.7  Complication Identification 
and Management

Duplex examination before the operation is some-
times stressful for the patient. The examination 
often takes quite a long time, especially in the 
learning phase of the doctor. Some patients may 
need to lie down due to orthostatic problems, 
requiring the examination to be interrupted. This 
problem is particularly common in summer.

Every surgical treatment is susceptible of pro-
voking complications. Compared to the ablative 
strategy, the venous sparing strategy per defini-
tion causes less destruction of tissues, and so the 
risk of complications is much less than after all 

the other surgical therapeutic options of vein 
treatment.

The only complication, which is typical of the 
CHIVA method, is thrombosis of saphenous 
trunk veins, which is generally asymptomatic, 
except for the case of large superficial veins prior 
to treatment [2]. This can of course also occur 
after stripping—there is no longer any proximal 
backflow in the saphenous veins after correctly 
performed stripping. Thrombosis in the tributar-
ies left in place, which is known from stripping 
operations, is likewise observed with CHIVA.

11.7.1  General Complications

General surgical complications, like bleeding, hae-
matoma, lymph cyst, and thrombosis, may occur 
after any type of surgery but are less often after 
CHIVA as demonstrated in the Cochrane review 
[5]. The patient must be able to contact someone of 
the team of the surgeon in case of questions or pain, 
bleeding, or haematoma. If necessary, a physical 
investigation is performed, and a duplex investiga-
tion might enlighten the problem. The treating 
team has to be able to cope with complications by 
themselves or cooperate with a centre able to do so.

11.7.2  Superficial Vein Thrombosis

Superficial vein thrombosis is the most frequent 
post-operative complication, occurring in around 
10% of patients [2]—in saphenous veins and/or 
tributaries. It is caused by alterations in their hae-
modynamics: after the interruption of the reflux 
source, a large-calibre vessel is left with a clearly 
reduced blood flow. Compression and movement 
are the best prophylactic measures to keep the 
veins well drained and to enhance the re- 
tonification of the vein wall, as well as heparin in 
prophylactic doses. Sometimes an ill-fitting com-
pression stocking can cause superficial vein 
thrombosis, if differences in pressure occur along 
the course of the vein (Sect. 11.4.2).

In some patients, thrombosis occurs in subcu-
taneous tributaries above the knee joint. In these 
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cases, it is necessary to check whether the stock-
ing forms fold at the knee, as these folds may 
constrict the vein if the patient sits or crouches 
for a long time. In these cases, the best treatment 
for thrombosis in the great saphenous vein or the 
tributary is to remove the ill-fitting compression.

Thrombus of the saphenous vein occurs in up to 
10–15% of the cases [2, 3], but interestingly most 
patients present no symptoms of superficial vein 
thrombosis—it is only noticed in the post- operative 
examination. The most frequent setting is after 
closure of the junction and simultaneously distal 
tributaries, if the saphenous vein is left with too 
little flow volume in relation to its diameter. After 
CHIVA 2 with interruption of the tributary flush at 
the saphenous vein, a thrombus in the saphenous 
vein might occur if the distal saphenous vein is 
very small calibre. In this case, a thrombus pro-
gression to the deep vein is possible.

If the superficial thrombosis causes distress, it 
generally disappears after 1 or 2 days under 
administration of an anti-inflammatory drug as 
soon as pain is noticed—e.g. give ibuprofen, 
3 × 400 mg/day. Local measures such as chilling 
and the application of anti-inflammatory creams 
can help. Prescription of heparin may be consid-
ered for patients with severe pain during throm-
bosis of the tributaries, which does not become 
asymptomatic within a few days under anti- 
inflammatory drugs and for those with symptom-
atic thrombi in the saphenous vein after closure 
of the junction. In case of patent junctions, hepa-
rin is mandatory to prevent ascension.

11.8  Follow-Up Timeline

The operation can be carried out at any time of 
year, although it is more uncomfortable for the 
patient to wear a compression stocking after the 
operation in summer.

Vein regeneration is assessed approximately 8 
weeks to 6 months after the operation, as it is not 
complete until then. After this period, it is possi-
ble to decide whether a further operation is nec-
essary or if the patient only needs to come in 
again for check-ups.

The follow-up timeline depends on the health- 
care system. It is mandatory to have the patient 
checked until the treatment is ready that means 
sometimes after a second intervention in case of 
CHIVA in two steps. Afterwards, often the sur-
gery team has no possibilities to see the patient, 
until a recidivant vein appears and the follow-up 
is performed by other centres for diagnostics or 
of ambulatory assistance.

The patient should be seen after 1 year and 
then depending on the evolution after 5 and 10 
years.

11.9  Outcome Measures

The first outcome measures applied in studies 
were those described by Hobbs, to make CHIVA 
results comparable to stripping series (see Chap. 
10). Hobbs [6] divided the subjective result of the 
patient and the objective findings after surgery 
into:

• Cured
• Improvement
• No changes
• Worse

Other measures applied in further studies are 
duplex investigation of reflux in visible veins and 
cartography of reflux point as in the preoperative 
investigation.

Diameter at proximal thigh preoperatively and 
in the evolution after surgery will first show a 
clear reduction [7–9] and then could possibly be 
used as a marker of recurrence, if again increas-
ing. The diameter decrease of the common femo-
ral vein after CHIVA has also shown that the 
deep vein diameter reduction follows the vari-
cose vein treatment. Thus, the measurement of 
the diameter of the common femoral vein could 
orientate to a recurrence when increasing in the 
follow-up timeline.

Some authors apply plethysmography as a 
global measurement in study situations, which 
has shown to improve significantly after CHIVA 
[7–9].

11 Perioperative Management in Saphenous Sparing Surgery
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Ambulatory Selective Varices 
Ablation Under Local Anaesthesia 
(ASVAL)

Paul Pittaluga and Sylvain Chastanet

12.1  History

For many decades, the so-called “radical” thera-
peutic approach to varicose disease has aimed to 
eliminate saphenous reflux using surgical treat-
ment combining crossectomy and stripping of the 
saphenous vein as a reference [1, 2]. This first 
treatment fits in with the traditional physiopatho-
logical description of varicose disease, which is 
considered to develop from the junctions between 
the deep venous system and the saphenous veins. 
According to this theory, the appearance of reflux 
at the terminal valve of the saphenous vein is the 
key point in the progression of saphenous insuf-
ficiency, leading to the appearance of varicose 
veins in the collaterals throughout the saphenous 
veins from the top to the bottom [3, 4].

The description of a new haemodynamic theory 
of varicose disease treatment by Franceschi at the 
end of the 1980s [5] has been an exception among 
the mainstream concept for pathophysiology.

It was research into a less invasive approach to 
surgical treatment in the late twentieth century that 
led to the appearance of new methods and tech-
niques, with the option of the endovascular route 
just as with arterial surgery, using thermal laser 
energy or radiofrequency [6, 7]. At the same time, 

sclerotherapy was revolutionized by the use of 
foam sclerosants which are considerably more 
effective in larger veins [8–10] and which there-
fore provided a serious competitor to traditional 
surgical and endovenous techniques.

These technique developments took place with-
out calling into question the principle behind sur-
gical treatment, namely, the systematic ablation of 
the refluxing saphenous vein, which is supposed to 
be responsible for the appearance of varices in its 
collaterals. However, to make procedures less 
invasive, crossectomy no longer accompanied 
thermal ablation or sclerotherapy of the saphenous 
vein. This technique-related “detail” caused the 
utility of crossectomy—which was indissociable 
from traditional surgical treatment—to be called 
into question. The absence of direct elimination of 
ostial reflux led to the relevance of the descending 
haemodynamic theory of varicose disease with 
progression from the saphenous vein being called 
into question [11]. This was supported by a work 
based on increased haemodynamic understanding, 
thanks to developments in ultrasound technology 
[12–17]. Some observations support the idea that 
varicose disease develops from the distal superfi-
cial venous network in an ascending or a multifo-
cal way [11–17] and that the elimination of 
varicose tributaries can lead to the reduction of 
the diameter of the saphenous vein or the disap-
pearance of the saphenous vein reflux [18–20]. A 
mini-invasive surgical approach has therefore 
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appeared, based on treatment of the superficial 
varicose reservoir by means of phlebectomy and 
conservation of the saphenous vein, even if the 
saphenous vein presents reflux [11, 21, 22]. 
Supporters of this conservative approach cite the 
physiological role played by the saphenous vein, 
as well as the haemodynamic and clinical efficacy 
in the midterm of a rigorous isolated resection of 
the superficial varicose reservoir, in addition to the 
benefit to preserve the saphenous vein as a poten-
tial material for a coronary or a distal arterial 
bypass in the patient’s future.

12.2  Theoretical Foundations: 
Principles of Treatment

12.2.1  Theoretical Foundations 
of ASVAL

The “haemodynamic hypothesis” is based on 
the idea of upstream saphenous vein insuffi-
ciency being caused by insufficiency of the ter-
minal valves of the saphenous vein or the valves 

in the perforating femoral veins. This theory has 
been widely accepted for a long time, but it is 
now being called into question by the well- 
substantiated arguments put forwards by sup-
porters of the “parietal hypothesis”. These 
arguments essentially concern an initial altera-
tion to the venous wall leading to venous dila-
tion, which in turn causes incontinence of the 
valves as their leaflets no longer meet properly 
[23–26]. A new physiopathological concept has 
been mentioned recently: varicose disease could 
come about at the level of the epifascial tributar-
ies, which are the most superficial and the most 
exposed and whose walls are the thinnest [27]. 
The epifascial veins could be the first to dilate 
through decompensation of their parietal weak-
ness. Progression could initially remain epifas-
cial, creating a dilated and refluxing venous 
network. When this refluxing network becomes 
large enough, it could create a “filling” effect in 
the subfascial saphenous vein, leading to the 
decompensation of the saphenous vein wall, 
moving forwards to reach the saphenofemoral 
or saphenopopliteal junction (see Fig. 12.1).

Fig. 12.1 Concept of ascending evolution of the varicose disease. With permission In Bergan JJ ed. Foam sclerother-
apy London: The Royal Society of Medicine Press, 2008, pp. 163–176
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The saphenous vein is the superficial vein 
with the thickest and most muscular wall. 
Furthermore, the saphenous vein is protected by 
the splitting of the subcutaneous fascia in which 
it flows. It would therefore be the last vein to 
experience decompensation as varicose disease 
progressed. The fact that the ostial valve is fre-
quently continent (>50%) when there is trunk 
reflux has been clearly proven [28]. Numerous 
publications challenge the theory of descending 
progression, citing the possibility of local or mul-
tifocal early distal evolution, sometimes ascend-
ing or anterograde, based on precise and detailed 
echo-Doppler explorations.

12.2.2  Therapeutic Principle 
of ASVAL

This physiopathological theory has two 
consequences:

 1. If there is no saphenous vein reflux, early 
treatment of all varicose tributaries that define 
the varicose reservoir would be useful in order 
to prevent the reflux to spread to the saphe-
nous vein.

 2. If there is saphenous vein reflux, and up until a 
certain stage of the disease, first-line therapy 

should include ablation of the varicose reser-
voir and not elimination of the saphenous reflux 
which is potentially reversible (see Fig. 12.2).

Saphenous stripping or ablation would only be 
indicated in cases for which saphenous reflux 
seems to be irreversible. This approach therefore 
involves selective management of superficial 
venous reflux, depending on the clinical and hae-
modynamic context found in each case.

The main argument in favour of this 
saphenous- sparing approach is the physiological 
role that the saphenous vein could play in 
superficial drainage and, to a lesser extent, its 
availability as revascularization material. In 
the literature, there are reports of the harmful 
effect that resection of the saphenous vein has 
on the long-term progression of saphenous 
vein insufficiency [18].

12.3  Evaluation of the Patient

12.3.1  Technique of Evaluation

The evaluation of the patient is performed by a 
clinical examination and by a duplex ultrasound 
assessment both performed with the patient 
standing upright.

Fig. 12.2 Haemodynamic  
effect on the great 
saphenous vein of the 
treatment by ASVAL 
technique. The yellow 
“x” on the left image 
refers to the veins that are 
ablated. With permission: 
In Bergan JJ ed. Foam 
sclerotherapy. London: 
The Royal Society of 
Medicine Press, 2008, 
pp. 163–176
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For the clinical examination technique, each 
lower limb is divided into four surface areas 
(anterior, posterior, lateral, and medial), and 
then each surface area was divided in eight 
zones: the thigh into three zones (the upper 
third, middle third, and lower third), the calf 
into three zones (the upper third, middle third, 
and lower third), plus one zone for the knee and 
one zone for the foot. Therefore, each limb is 
divided into 32 zones in the preoperative clini-
cal mapping (Fig. 12.3). On the virgin figure, 
the varicose veins are drawn that are visible or 
palpable during the examination of each side, 
and the number of zones in which varicose veins 
are present is counted. The total number of 
zones is called the number of zones to be treated 
(NZT) by phlebectomy. In the example in 
Fig. 12.4, the NZT is seven, which means that 
there are seven zones occupied by varicose 
veins. The extent of the varicose reservoir is 
evaluated according to this NZT.

The duplex ultrasound scanning uses the man-
ual venous flushing manoeuvre in the calf region, 
and venous haemodynamics are recorded at the 
moment of the sudden release of manual com-
pression of the calf. Under these conditions, a 
reflux is considered to be pathological if the 
reflux duration (RD) exceeds 0.5 s for the super-
ficial veins and 1 s for the deep veins.

12.3.2  Selection of Patients Eligible 
for ASVAL

According to more than 10 years of experience, 
and according to the results published in litera-
ture, we can bring out some simple tools in order 
to determine the patients that will profit from 
ASVAL:

 1. Haemodynamic/anatomical criteria
 (a) Saphenous vein reflux patterns: The pres-

ence of a competent junction or of a seg-
mental saphenous vein reflux [17, 21, 27, 
31], a saphenous vein reflux limited at the 
thigh [21, 22, 31], and a limited dilatation 
of the saphenous vein [21, 27]

 (b) The reflux elimination test (RET) is con-
sidered as positive if the reflux of the 
saphenous vein is completely abolished 
by the compression of the varicose tribu-
tary at the moment of the sudden release 
of manual compression on the calf, dur-
ing a duplex ultrasound examination per-
formed with the patient standing upright. 
The positive predictive value of the RET 
for the abolition of reflux of the great 
saphenous vein has been reported as 
95.7% and 94.7% at 1 and 2 years of 
follow- up [29, 30].

 2. Clinical and demographic data
 (a) The extent of the varicose reservoir is a 

determinant factor for the haemodynamic 
and clinical efficiency of ASVAL [27]. A 
significant linear trend between the out-
comes after ASVAL and the NZT has 
been shown [1].

 (b) The presence of a unique or limited num-
ber of varicose tributaries, especially at 
the thigh, increases the likelihood for the 
freedom of varicose vein recurrence at 
midterm [21]

 (c) The nulliparity is a criterion that should 
be taken in account for the preservation of 
the saphenous vein in young women. The 
benefit of the ASVAL treatment for nul-
lipara patients has been reported for the 
reduction of complexity, signs, and symp-
toms in the event of varicose vein recur-
rence after pregnancy [29].

 (d) The young age [27] and the absence of 
symptoms with a cosmetic concern [27, 
31] are also criteria that plead in favour of 
the preservation of the saphenous vein.

 3. Predictive Score
  Biemans et al. [21] have reported a PREST pre-

diction model including CEAP classification, 
number of refluxing segments, great saphenous 
vein diameter (above the tributary), and RET 
result, in order to give a preoperative score that 
correlates with a probability of restoring great 
saphenous vein competence. For example, for 
patients with great  saphenous vein reflux in one 
segment (3 points), C2 (3 points), positive reflux 

P. Pittaluga and S. Chastanet



257

elimination test result (2 points), and great 
saphenous vein diameter of 5 mm at proximal 
thigh (approx. 15 cm away from the sapheno-

femoral junction) (6 points), the model can pre-
dict that phlebectomy will be effective in 90% 
(total of 14 points).
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Fig. 12.3 Diagram used for the preoperative mapping during the clinical examination. Copyright: [Paul Pittaluga]
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12.4  Surgical Technique

12.4.1  Preoperative Skin Marking

Skin marking before the surgery is mandatory to 
perform a thorough ablation of the varicose reser-
voir, which is essential since we have reported 
that the removal of a large varicose reservoir is 
one of the keys to get good clinical and haemody-
namic result after ASVAL [27]. A precise skin 
marking enables a more precise and less aggres-
sive surgical gesture, enabling to reduce the risk 
of lymphatic complication after varicose vein 
surgery [32]. Ideally this skin marking should be 
done by the surgeon treating the patient. The first 
step of the skin marking procedure has to be done 
by clinical examination with the marking of vis-
ible and palpable varicose veins, followed by the 
ultrasound location of deeper veins (subfascial 

veins or epifascial veins in obese patients) as 
complement of the clinical marking (Fig. 12.5). It 
is advised to store the picture of the skin marking 
before the surgery.

12.4.2  Tumescent Local Anaesthesia

Tumescent local anaesthesia is essential for the 
performance of the surgical procedure for 
ASVAL. It is very efficient for the pain abolition, 
and it reduces dramatically the bleeding by the 
subcutaneous high pressure, thanks to a large 
infiltration of liquid. It gives to the surgeon an 
excellent comfort for removing the varicose 
veins. It has been reported that the use of isotonic 
bicarbonate improves furthermore the efficiency 
of the lidocaine and allows to reduce the total 
amount of lidocaine, enabling to inject large 

POST MEDIAL

7 Zones
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Fig. 12.4 Example of varicose veins with seven number 
of zones to be treated (NZT). With kind permission by 
Elsevier from: Pittaluga P, Chastanet S, Rea B, Barbe R 

“Midterm results of the surgical treatment of varices by 
phlebectomy with conservation of a refluxing saphenous 
vein”. J Vasc Surg 2009;50: 107–118
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 volume of tumescence and therefore to treat a 
large surface on the lower limb [33].

12.4.3  Microsurgical Technique

The varicose veins are extracted by micro- 
phlebectomy. The use of magnificent glasses is 
mandatory to perform the micro-phlebectomy 
properly. The incisions are done with an 18-gauge 
needle (see Fig. 12.6). The bevel of the needle 
makes a flap on the skin that facilitates the pene-

tration of the hook through the skin and gives an 
excellent cosmetic result (Fig. 12.7). As it is a 
tangential flap, the skin healing will be invisible. 
In the authors’ experience, the best tool is the 
Muller hook n°0. The phlebectomy should be 
atraumatic, thanks to a precise skin marking that 
enables to make the micro-incision directly above 
the vein, avoiding the scraping of the subcutane-
ous tissues with the hook to get the veins. In order 
to get the best cosmetic result, it is recommended 
to avoid leaving a piece of varicose, since it limits 
the risk of staining. The force of pulling should 
be gently exerted in the axis of the vein (and not 
perpendicularly) so to pull out the entire segment 
of the vein without rupture between two incisions 
(Fig. 12.8).

12.4.4  Postoperative Management

The use of stiches is not necessary, thanks to the 
limited size of the micro-incisions performed 
with the 18-gauge needle. Stretch sterile strips 
are recommended in order to avoid blisters. The 
patient is invited to walk immediately at the end 
of the procedure and can usually leave the hos-
pital or office 1 h after the end of the 
procedure.

In the authors’ experience, wearing of com-
pression stockings is not necessary after the first 
24 h following a mini-invasive procedure [34].

a

b

Fig. 12.5 The two consecutive steps of the preoperative 
skin marking: (a) (left) 1st clinical marking. (b) (right) 
2nd ultrasound marking. Copyright: [Paul Pittaluga]

Fig. 12.6 Technique applying ASVAL: After exact skin 
marking and application of tumescent anaesthesia, little 
incisions are performed with an 18-gauge needle making 
a skin flap. Copyright: [Paul Pittaluga]
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Fig. 12.7 Technique for vein extraction. Between inci-
sions 1 and 2, the vein segment has already been extracted 
(arrow); now the hook is inserted in incision number 3. (a) 
The first segment of the vein is already extracted (arrow). 
Introduction of the hook in the next incision place. (b) The 
vein is emerging through the skin flap at position 3 (see a); 
the mosquito clamp is used to fix the skin down and gently 

pull the vein outside the little skin lesion. (c) The mos-
quito clamp is used to pull the vein out after a loop of the 
vein is visible on the surface; note that the visible vein in 
image a has disappeared through incision 2 (arrow), 
because the vein is being pulled out through to the next 
incision. (d) The vein is now completely extracted through 
incision number 3. Copyright: [Paul Pittaluga]

a b

Fig. 12.8 (a) Extraction of the varicose tributary at the 
last incision by a gentle force of pulling exerted in the axis 
of the vein in order to take out the entire segment of the 
vein without rupture between two incisions. (b) A vein 
loop can be seen emerging from the skin incision. (c) The 

vein is extracted completely. (d) Checking that the full 
length of the vein has been extracted. Copyright: Paul 
Pittaluga, with kind permission from Tips & tricks in 
angiology. Eds: C. Allegra, P.L. Antignani, E. Kalodiki. 
Edizioni Minerva Medic, Torino, 2016, 161–165
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12.5  Results Published 
in Literature

Since the publication of the preliminary results of 
the ASVAL method (303 lower limbs with a 
mean follow-up period of 7 months) [11], with a 
disappearance of the saphenous vein reflux in 
69.1%, a relief of symptoms in 91.8%, and a cos-
metic benefit in 90.4%, this initial cohort has 
been followed up regularly, and the medium-term 
results were published [27] and are shown in 
Table 12.1. The abolition of the saphenous vein 
reflux at 4 years was observed in 66.3% of the 
limbs, and the diameter of the saphenofemoral 
junction significantly decreased, as measured at 
the saphenous confluence, in 243 lower limbs 
after 6 months (5.87 vs. 7.87 mm preoperatively, 
P < 0.0001). Symptom relief after 4 years was 
still present in 78.0%. Mean venous disability 
score was significantly lower at 6 months postop-
eratively for the symptomatic limbs (0.64 vs 1.30 
preoperatively, P < 0.001) and remained until the 
4th year of follow-up. At last, the freedom of 
varicose vein recurrence in the treated lower 
limbs was 88.5% after 4 years. In this study, we 
found a significant link between the NZT and the 
postoperative evolution of saphenous reflux and 
existence of symptom relief: when the NZT was 
above seven, an abolition of the saphenous reflux 
was 6.81 times more likely obtained (P = 0.037) 
and a symptom relief 2.91 times more likely 
achieved (P = 0.004).

Biemans et al. showed a lower frequency of 
abolition of the great saphenous vein reflux after 

single phlebectomy at 1 year (50%), with an abo-
lition of symptoms in 66%, but this study included 
unselected patients [21]. However, he found that 
after the ASVAL procedure, the diameter of the 
great saphenous vein was significantly reduced, 
the CEAP classification decreased and the VCCS 
and VCSS scores were improved for all patients, 
independent of the haemodynamic evolution. 
The authors stated in this paper that “phlebecto-
mies probably reduce the total refluxing volume, 
explaining the clinical and haemodynamic 
improvements, even if saphenous reflux persists”. 
We found the same evolution in a study in which 
we followed 1010 limbs treated by ASVAL until 
the 5th year [31]: at 5 years, the freedom of 
 presence of a persistent or recurrent great saphe-
nous vein reflux >0.5 s in the treated limb was at 
66.2% and the freedom of clinical varicose veins 
recurrence at 87% and the absence of need of a 
secondary surgical procedure at 95.5%. It was 
obvious that a significant proportion of patients 
had a persisting reflux without clinical conse-
quence (Fig. 12.9). As Biemans stated this quasi- 
systematic clinical improvement after ablation of 
the varicose reservoir is probably explained by 
the dramatic reduction of the refluxing volume in 
the saphenous vein which has been spared during 
the ASVAL procedure. It has been already 
reported that single phlebectomy has a haemody-
namic effect on a saphenous vein [17–19]. We 
have been also able to determine groups of 
patients with lower risk of recurrence after 
ASVAL in this 5 years of follow-up study: the 
patients with a great saphenous vein reflux 

c d

Fig. 12.8 (continued)
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 limited to the thigh had a significant lower risk of 
clinical varicose vein recurrence at 5 years than 
with a reflux extended below the knee; that was 
also the case when the emergence of varicose 
veins was limited at the thigh in comparison with 
multiple emergences of varicose veins below the 
knee [31]. Biemans defined preoperative predic-
tors for haemodynamic success after ASVAL: a 
lower frequency of C3 or C4, a lower VCSS and 
quality of life score (AVVQ), a limited length of 
refluxing saphenous vein (<10 cm), a limited 
dilatation of the saphenous vein, and the positiv-
ity of the RET were associated with a higher fre-
quency of disappearance of the saphenous vein 
reflux at 1 year of follow-up.

Zolotukhin has also recently published his 
experience of ASVAL at short term [22]. He 
reported an abolition of the great saphenous vein 
reflux in 66% of the cases at 1 year of follow-up 
after an ASVAL procedure performed in an 
unselected population. The diameter of all the 
veins decreased significantly no matter if reflux 
disappeared or not. The overall frequency of clin-
ical varicose vein recurrence was at 13.5%. He 

observed that the reflux disappearance during the 
reflux elimination test (RET), a great saphenous 
vein diameter below 8 at the proximal thigh 
approximately 15 cm below the inguinal fold and 
a great saphenous vein reflux limited above the 
knee were associated with a lower frequency of 
clinical varicose veins recurrence.

At last the authors have recently published the 
long-term results of a cohort of patients treated 
by ASVAL [35]: survival curve analysis showed 
an absence of saphenous reflux in 64.4% of the 
cases, an absence of clinical varicose veins recur-
rence in 68.8% of the cases, an absence of surgi-
cal re-intervention in 76.7% of the cases, a 
functional improvement in 69.9% of the cases, 
and aesthetic improvement in 65.7% of the cases 
at 10 years (see Table 12.2).

These results showed a stable evolution of the 
saphenous vein reflux, while the clinical evolution 
was slightly but continuously worsened through-
out the follow-up until year 10 (Fig. 12.10). 
Therefore, it seems that the evolution of the venous 
insufficiency follows the  natural evolution of the 
disease, mostly independent of the reflux.

In so much as the recurrence rate for the 
ASVAL method in the short, medium, and long 

Table 12.1 Outcomes at midterm after ASVAL [27]

6 months 1 year 2 years 3 years 4 years

Abolition of saphenous reflux 69.6% 69.2% 68.7% 68% 66.3%
Symptom relief 84.2% 84.2% 83.4% 81.4% 78%
Freedom of varicose vein recurrence 98.9% 95.5% 94.6% 91.5% 88.5%
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Fig. 12.9 Freedom of saphenous reflux, clinical varicose 
vein recurrence, and need of a secondary surgical proce-
dure till 5 years of follow-up (With permission from 
Pittaluga and Chastanet, Phlebology 2015; 30: 98–106)

Table 12.2 Outcomes at long term after ASVAL [35]

2 years 5 years 7 years 10 years

Abolition of 
saphenous 
reflux

71% 69.7% 68.5% 64.4%

Absence of 
clinical varicose 
vein recurrence

93.1% 84.7% 75.5% 68.8%

Functional 
improvement

86.7% 83.8% 78% 69.9%

Aesthetic 
improvement

92.2% 86% 77.2% 65.7%

Absence of 
surgical 
re-intervention

96.9% 90% 83.6% 76.7%
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term is not higher than for techniques that involve 
removal or ablation of the saphenous vein, it is 
worth to ask ourselves whether a saphenous vein- 
sparing approach is not therefore justified as a 
first-line therapy when there is only partial saphe-
nous vein reflux and when the saphenous vein is 
only moderately dilated. The main argument in 
favour of this conservative approach is the physi-
ological role that the saphenous vein could play 
in superficial drainage and, to a lesser extent, its 
availability as revascularization material.

As a consequence there is no longer any place 
for systematic elimination of the saphenous vein: 
numerous studies show that extensive axial reflux 
is involved in only a minority of cases. Regardless 
of the technique chosen, the procedure should be 
adapted to each individual case and should 
involve the less aggressive option.

Therefore, it seems that first-line therapy 
should always consider the option of sparing the 
saphenous vein, depending on the clinical exami-
nation, the duplex ultrasound assessment, and the 
patient’s concern for consulting. Isolated treat-
ment of the varicose reservoir by ASVAL proce-
dure at stage C2 of the CEAP classification will 
probably therefore often be the most appropriate 
course of action. Ablation of the saphenous vein 
using traditional surgery, endothermal ablation 
by laser, or radiofrequency and chemical ablation 

by foam sclerotherapy should then only be indi-
cated at the advanced stages of the varicose 
disease.

In terms of isolated treatment of the varicose 
reservoir, micro-phlebectomy seems to be the 
most appropriate technique, but ultrasound- 
guided foam sclerotherapy of the tributaries is 
possible [10], provided that it blocks the scle-
rosant from entering the saphenous vein, which 
is, however, not an easy thing to do.
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External Valvuloplasty 
of the Sapheno-Femoral Junction

Paolo Zamboni and Sergio Gianesini

13.1  Surgical Rationale

In 1940 two Boston researchers, Edwards and 
Edwards [1], published an article in the American 
Heart Journal to demonstrate the possibility of 
studying varicosity based on an autopsy examina-
tion of varicose patients. They stratified the possi-
ble findings in four different stages (see Fig. 13.1) 
according to the image of the valves at the level of 
the ostium (sapheno-femoral junction).

It is visible that no direct lesions of the valvu-
lar structure are detectable in the first two stages. 
The postulated explanation was that in early 
stages, valvular insufficiency is secondary to wall 
dilation, which by separating the valvular cusps 
from one another makes them incompetent. In 
later stages, atrophy, retraction and other damage 
are found, directly affecting the tiny valvular 
leaflets, due either to the turbulence created by 
reflux or to the progression of the disease. These 
histological observations have also been con-
firmed by other authors [2, 3].

Figure 13.2 provides an example of histologi-
cally intact valves of the great saphenous vein 
following stripping procedure. Quite recently, 
several authors demonstrated that about 50% of 
the terminal valves when investigated by duplex 
are competent, challenging the vision of the 
obliging treatment with high tie of the sapheno 
femoral junction [4–6].

From the cases A and B showed in Fig. 13.1, 
it seems that a saphenous vein with healthy val-
vular cusps and a wall with early dilation might 
be restored to normal hemodynamic function by 
rectifying the dilated wall alone. This is the aim 
of the external valvuloplasty: to correct the wall 
defect and to permit a normal functioning of 
healthy valvular cusps.

This simple surgical idea was first tested, par-
adoxically, on the most difficult deepest vein sys-
tem [7, 8].

Subsequently other authors demonstrated the 
efficacy of external valvular banding in the treat-
ment of primary valvular insufficiency of the 
sapheno-femoral junction, with various tech-
niques of external banding [9–17].

13.2  Patient Selection

The biggest problem associated with testing intu-
itions about possible new beneficial surgical 
techniques involves the definition of indications 
and creation of a patient selection protocol. This 
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procedure has been successfully used with 
patients who have the following characteristics:

13.2.1  Clinical Criteria

These criteria have been chosen to apply extralu-
minal valvuloplasty:

• Patients with moderate varices of recent onset 
Clinical Class C2

• Patients without previous surgical interven-
tion or sclerotherapy

• Patients without previous thrombosis of the 
saphenous veins

The last two clinical exclusion criteria are 
important to prevent postoperative saphenous 

thrombosis, which is more easily induced by previ-
ous endothelial damage. Corcos excluded also 
patients for whom ablation of varicose veins is con-
sidered as an important prophylactic preparation 
for major abdominal or orthopaedic surgery [10].

13.2.2  Ultrasound Criteria

Apart from a sapheno-femoral reflux in ultra-
sound, mobile valvular leaflets in the terminal 
and subterminal valves of the great saphenous 
vein should be visible. The dilation of the valvu-
lar site should also be measured relative to the 
segments above and below it (Fig. 13.3).

The number of millimetres that the valvular 
commissure is dilated beyond the adjacent saphe-

Fig. 13.1 Progression 
of saphenous ostial 
valve insufficiency. In 
the first two stages, A 
and B, wall dilation is 
causing separation of the 
valvular cusps. In stages 
C and D vein wall 
degeneration has 
occurred, as well as 
valve alterations. 
Modified from Am. 
Heart J. 19:338–351, 
1940. © P. Zamboni

Fig. 13.2 Histological examination of integral valve 
leaflets inserted on a dilated vein wall. © P. Zamboni

Fig. 13.3 Duplex scanning of the sapheno-femoral junc-
tion with measurement of the diameter of the valvular site 
for repair. © P. Zamboni
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nous trunk needs to be calculated. To establish this, 
it is important to perform scans that provide visual-
ization of the valve in relation to the lumen. Finally, 
sapheno-femoral reflux and the competence of the 
deep venous circulation must be confirmed.

13.3  Anaesthesia and Preparation 
of the Patient

13.3.1  Type of Anaesthesia

The procedure can be performed under local or 
general anaesthesia. The authors have always 
used loco-regional anaesthesia when performing 
external banding of the sapheno-femoral valves. 
Such anaesthesia permits outpatient surgery and 
rapid mobilization of the patient and at the same 
time total control of intra- and postoperative pain. 
In fact, no patient asked for postoperative pain 
medication.

The patient is monitored on ECG, and a 
sphygmomanometer is placed on the arm contra-
lateral to venous access. Resuscitative equipment 
and skilled emergency personnel are available 
during the procedure; the intervention is per-
formed without an anaesthesiologist.

For local anaesthesia, 15 cc. of lidocaine 1% 
are injected. Lidocaine is preferred, because of 
its very rapid action and because its half-life is 
sufficiently protracted to guarantee coverage of 
this type of surgery.

The injection is performed along the preferred 
line of incision, from the femoral pulse medially 
for 5 cm along the inguinal crease, using an insu-
lin needle and infiltrating the hypoderm some-
what superficially, about 1 cm deep. Besides 
injecting the line of incision, it is necessary to 
infiltrate the superior and surrounding tissue in a 
half circle and at the same depth, with provision 
for aspiration to prevent accidental systemic 
injection of the anaesthetic into a dilated varix, or 
it may be administered using the “mesotherapeu-
tic” technique (consult Chap. 7).

After a usually brief interval, 3 min on aver-
age, disappearance of pain sensation is tested by 
pricking the skin with the point of the scalpel. In 

case of missing anaesthesia, the site can be 
sprayed with an additional 5–10 cc of lidocaine 
1%. After at least 30–60 s, the field can be dried 
and the procedure continued.

We used this diluted anaesthetic because of its 
more prolonged anaesthetic action. If the indica-
tions we have listed are followed, the mean 
amount of anaesthetic needed is never greater 
than 20 cc of mepivacaine 1%.

Valvuloplasty under angioscopic monitoring is 
very well tolerated under local anaesthesia and does 
not require any additional use of drugs or devices.

13.3.2  Premedication

The patient is placed supine on the operating 
table. A peripheral vein is cannulated through 
which a 5% glucose solution is administered. If a 
patient is particularly anxious despite the prior 
requisite informational session, it may be advis-
able to administer a slow-drip benzodiazepine by 
the open intravenous route. In the case of patients 
with a history of peptic or gastroduodenal ulcer 
disease, a bolus of two vials of ranitidine 
(100 mg) can be given. All patients receive intra-
venous 1 g of ceftriaxone for ultra-short-term 
antibiotic prophylaxis. Administration of antibi-
otics is indicated if a heterologous prosthesis is 
used, regardless of small size or even if implanted 
extravascularly as in this case.

13.3.3  Heparin Prophylaxis

Although delicate in execution, extensive manip-
ulation takes place on the junction, the valvular 
structures and the femoral vein. In addition, this 
is the only surgical procedure that manipulates at 
the sapheno-femoral junction and maintains the 
sapheno-femoral ostium patent and in continuity 
with deep vein circulation. Therefore, the possi-
bility of a thrombosis has a very different clinical 
significance.

Thus, a heparin prophylaxis is indicated with 
low-molecular heparin at the day of the interven-
tion, in case of high-risk patients for 1 week.

13 External Valvuloplasty of the Sapheno-Femoral Junction
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13.4  Manual Valvuloplasty

13.4.1  General Principles of Manual 
Valvuloplasty

During the initial attempts, the procedure has 
been performed in a number of different ways. By 
increasing experience, the parachute technique 
demonstrated to be the more rapid and effective 
(Fig. 13.4). Whatever technique of external band-
ing the surgeon should prefer, he/she has to be 
compliant with the following principles:

 1. The valvular repair location must be enclosed 
externally in a prosthetic material of similar 
circumference to match the orthostatic cir-
cumference of the zone inferior to the valvular 
site (rectification of the saphenous diameter). 
To do this, the required circumference may be 
extrapolated on the basis of diameters obtain-
able from vascular sonography.

 2. Should any intraoperative monitoring system 
for restoration of valvular competence (strip 
test, Doppler, angioscopy) detect failure of the 
finished repair, a revision procedure should be 
performed or the repair should be converted to 
a standard high ligation of the sapheno- 
femoral junction.

 3. The intervention should be very “clean” and 
careful in its approach to haemostasis and 
exposure of the structures. Indeed, if dead 
space is left between the prosthetic material 
and the external surface of the saphenous 
vein, the result may well be crushing of the 
vein (because of the low internal venous 
 pressure) leading to thrombus formation or it 
may promote onset of infection.

 4. Surgical asepsis rules must be rigorously fol-
lowed, even with outpatient surgery, since het-
erologous material is being implanted. It is 
absolutely critical to avoid all contact between 
the prosthetic material and the patient’s skin.

TV

LSV

STV

FV

Fig. 13.4 Parachute 
method of placing 
ultrafine PTFE around 
respectively the terminal 
(TV) and subterminal 
(STV) valves of the 
saphenofemoral 
junction. FV femoral 
vein. © P. Zamboni
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 5. In the author’s opinion, all collaterals should 
be saved, if at all possible. In a procedure that 
is intended to be conservative, preservation of 
competent tributaries at the sapheno-femoral 
junction potentiates drainage of the superficial 
and pelvic venous circulation and increases 
inflow into the saphenous, which in turn will 
preserve long-term patency of the saphenous 
trunk.

13.4.2  Surgical Technique

The authors prefer a transverse incision at the 
inguinal crease and extending 4–5 cm medially 
from the femoral pulse mark. The incision is 
deepened to the subcutaneous fascia; this is dis-
sected with the scissors and retracted with three 
Farabeuf forceps. Generally, this procedure is 
used to expose the proximal segment of the great 
saphenous proceeding approximately 4–5 cm 
from the confluence with the femoral vein.

Skeletisation of the saphenous trunk proceeds 
cephalad, including skeletisation of all the tribu-
taries of the sapheno-femoral junction. Both the 
proximal saphenous and tributaries must be 
secured with an elastic sling (Fig. 13.5).

Particular care must be taken while dissecting 
the cribriform fascia against penetration of the 
oval fossa. This segment of the saphenous vein 

that courses from the origin of the final tributaries 
to the femoral vein should be carefully prepared 
by removal of excess adventitia and elevated like-
wise on an elastic sling.

Using blunt dissection, it is necessary also to 
expose the superior surface of the femoral vein, 
retracting it more cephalad with a Farabeuf for-
ceps in order to leave the sapheno-femoral junc-
tion with its ostial valve clear and visible 
(Fig. 13.5).

During this stage of the procedure, an arteriole 
may be encountered with origin in the common 
femoral artery. If there is a tight adhesion between 
the arteriole and the posterior surface of the ter-
minal saphenous vein, it should be ligated and 
divided between the two ligatures.

Sometimes, however, this arteriole crosses the 
sapheno-femoral junction superiorly — or passes 
beneath it — but does not adhere tightly. In many 
cases, it is sufficient simply to run a sling or tie 
underneath and apply traction on it to obtain 
space without sacrificing the vessel.

Other possible encounters are outlets of tiny 
tributaries of less than 1.5 mm at the sapheno- 
femoral junction or perforating veins usually 
originating from the deep femoral vein. Since 
these have a tiny diameter, they should be ligated 
and divided, flush with the wall using a 4/0 
absorbable tie (see Sect. 13.4.4).

But whenever a collateral vein with diameter 
greater than 1.5 mm is encountered at the level of 
the valve to be repaired (and this is very rare), it 
should be ligated and divided, first taking care to 
leave a long stump. This will help to facilitate the 
protrusion of the stump itself through the pros-
thesis. The stump will then protrude either 
through a perforation created in the prosthesis 
with the scissors or a punch-type instrument or 
even through a suture hole (see Sect. 13.4.4). As 
will be explained, as soon as the valvular repair is 
completed, the stump should be ligated as closely 
as possible to the saphenous wall.

Once the terminal saphenous has been pre-
pared, a Valsalva manoeuvre is performed on the 
patient; this manoeuvre reveals very well any 
excessive dilation of the valvular wall, which 

Fig. 13.5 Intraoperative view of the dilated wall from the 
sapheno-femoral junction, with the ostial valve well 
apparent. All the tributaries are preserved and encircled 
by elastic slings. © P. Zamboni

13 External Valvuloplasty of the Sapheno-Femoral Junction



270

sometimes also involves the superior surface of 
the femoral vein whenever one of the two valvu-
lar cusps is inserted at this location.

13.4.3  Measurement and Preparation 
of the Prosthesis

The authors have always used 0.4 mm single- 
velour Dacron patches and e-PTFE cardiovascu-
lar patches as prosthetic materials. The latter 
material has proved to be the most adaptable and 
suitable for this type of intervention. Other inves-
tigators have tried to use biological and absorb-
able materials.

A very fine stamp-size segment is cut from the 
e-PTFE patch, equivalent in circumference to 
that of the saphenous vein in the segment below 
the terminal valve. This dimension should be 
increased by at least 2–3 mm, to compensate for 
the space “stolen” by the suture. The length is 
approximately 12–15 mm (see Fig. 13.4). The 
authors have found that this tiny external prosthe-
sis is adequate to correct dilation of the valve site 
and restore valvular competence.

Banding the valvular site with the prosthesis is 
not always easy; to facilitate the procedure, there-
fore, we advise anchoring two or even all four 
corners of the prosthesis with 7/0 PTFE ties. The 
terminal saphenous vein can be elevated by work-
ing it up and down and applying traction to the 

slings that were passed under the saphenous vein 
and tributaries.

The PTFE ties anchoring the corners of the 
prosthesis may be passed easily beneath the ter-
minal valve (see Figs. 13.4 and 13.6); by crossing 
them on the superior surface of the great saphe-
nous vein, the terminal valve is banded, and the 
prosthetic edges are approximated.

The prosthesis is attached around the valve 
using 4–5 interrupted sutures of 7/0 PTFE; be 
sure to barely bite the prosthesis edge so as not to 
reduce the diameter of the prosthesis. If, as men-
tioned, the ostial valve presents a cusp with fem-
oral vein insertion, the authors bite the adventitia 
of the superior surface of the femoral vein with 
the needle. In this way, besides positioning and 
attaching the prosthesis, PTFE is also stitched on 
the insertion point of the valvular cusp and rein-
force the wall at this delicate point (see Fig. 13.7).

13.4.4  Intraoperative Testing 
of Valvular Function

As soon as the terminal valve repair has been com-
pleted, it is imperative to evaluate the closure of the 
valves intraoperatively. Because of this, intraopera-
tive Doppler testing has been performed in all the 
surgical cases. The authors have used an 8 MHz 
continuous wave sterile probe or a probe intro-
duced in the finger of a sterile glove filled with gel 

a b

Fig. 13.6 (a) Example of a method for configuring a 
PTFE prosthesis in such a way that the tributaries may be 
preserved. (b) In this particular case—insertion of a single 
prosthesis over a lambdoid saphenous vein—the terminal 

valve and two subterminal valves are each banded at the 
location of the outlet of the confluence of the anterior 
accessory with the great saphenous vein. © P. Zamboni
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(Fig. 13.8). This instrument is supported lightly (so 
as not to crush it) on the great saphenous vein 
immediately downstream from the valvuloplasty.

The test is performed with the use either of the 
Valsalva manoeuvre or the compression/release 
test. Activation of the thoracic pump can be 
achieved also through deep inspiration to test the 
saphenous vein patency.

The authors performed 21 cases under video 
angioscopic monitoring of valvular competence 
(Figs. 13.7 and 13.9).

The angioscope is introduced into the saphe-
nous vein through one of the leg collaterals with 
an outlet close to the saphenous vein, located dur-
ing preoperative mapping with the duplex scan-
ner. Under local anaesthesia, the collateral is 
exposed through a micro-incision of the skin. 
The angioscope is introduced into the saphenous 
vein through this collateral and continued 
upwards as far as the inguinal cleft. Cross illumi-
nation of the vessel facilitates placement imme-
diately downstream from the terminal valve.

Continuous flushing and traction on the sling 
passed around the saphenous vein and its tribu-
taries permit flow reduction in the saphenous 
vein and visualization of the valvular cusps from 
below. The primary data coming from the test 
should confirm the preoperative diagnosis of 
macroscopically healthy valvular cusps inserted 
on a dilated wall.

Fig. 13.7 External banding of the terminal valve by 
using parachute technique and a 0.4 mm thick ePTFE. The 
light of the angioscopy controlling the valve repair is vis-
ible in the great saphenous vein. © P. Zamboni

Fig. 13.8 Intraoperative Doppler test of the valvular 
function respectively under Valsalva and deep breathing. 
© P. Zamboni

Fig. 13.9 Left: Preoperative angioscopy showing the terminal valve of the sapheno-femoral junction with lack of con-
tact of the two cusps. Right: Postoperative control after banding demonstrating an effective valve closure. © P. Zamboni
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The angioscopic view (Fig. 13.9a) demon-
strates two valvular leaflets more or less dis-
tanced from each other, free of perforations, 
fissures, atrophic changes, collapse, or other 
abnormalities specific to pathological valvular 
cusps. Postoperative check can demonstrate the 
effectiveness of the procedure (Fig. 13.9b).

Although the angioscopic procedure is well 
tolerated under local anaesthesia, it does not 
increase the intervention time by more than 
20–30 min and requires no more than 1000 cc of 
flushing solution; still, it is obvious that it cannot 
be routinely used for interventions on a day- 
surgery basis.

Another intraoperative test of valvular compe-
tence that has long been used in valvular surgery 
of the deep venous system is the so-called strip 
test, which is a type of manual squeezing at the 
level of the repaired valve. The authors have 
never used it because the method involves venous 
clamping and any kind of unnecessary injury to 
the vein should be avoided.

13.4.5  Tributary Management

During preparation of the sapheno-femoral junc-
tion, therefore, the tributaries should be skeleton-
ized over the first few centimetres that separate 
them from the saphenous lumen and elevated on 
elastic slings (see Fig. 13.5).

In this way, applying moderate traction alter-
nately up and down, it is possible to position the 
prosthesis around the valve without allowing the 
outlet of a tributary to fall within the range of 
contact of the prosthesis.

In cases of very severe anatomical anomaly, 
such as the emergence of tributaries barely 
1–1.5 cm from the femoral vein, it becomes nec-
essary to sacrifice the tributary by ligating and 
dividing it. Should the lumen of this tributary 
measure less than 1.5 mm, ligation should be per-
formed flush with the saphenous vein using a 4/0 
thread.

A small stump of this size, even if crushed 
between the prosthesis and the saphenous wall, 
will not cause significant modification or defor-
mation of the venous lumen. But if the tributary 

diameter is greater than 1.5 mm at the time it is 
ligated and divided, it is better to allow the stump 
to emerge from the saphenous for a few millime-
tres rather than to perform a flush ligation.

Once the valvuloplasty is completed, a perfo-
ration at the level of the ligated tributary can be 
created in the prosthesis with a stab of the scis-
sors. Grasping the loops of the previous ligation 
with forceps, the tributary can be retracted and 
retied flush with the perforation. The benefit of 
perforation is that it prevents crushing of the 
small stump of the collateral vein in the dead 
space between the prosthesis and the saphenous 
wall. Crushing may lead to lumen deformation, 
turbulence with associated thrombosis risk, or 
interference with the operation of the valve 
resulting from the protrusion of the stump.

13.5  Stapler Valvuloplasty

In 1988 Jessup and Lane described a device that 
had been used initially on experimental animals 
and later successfully marketed under the name 
Venocuff. It was capable of installing a silicone- 
reinforced Dacron external sleeve around the 
valve designated for repair.

The system proposed by Lane, supported as it 
was by appropriate technology, obviously drew 
more attention and led to the marketing of the 
Venocuff device which is illustrated in Figs. 13.10 
left and right [11].

The device is equipped with a gage that per-
mits the desired degree of tightening of the pros-
thesis around the valve; it displays the attained 
diameter of the dilated vein in millimetres. When 
the desired diameter is reached, the suture is 
inserted by activating the two release tabs; at the 
same time, the excess prosthesis material project-
ing over the suture staple is trimmed (Fig. 13.10).

When external repair of the sapheno-femoral 
junction is contemplated, the approach and prep-
aration of the junction follows the principles 
already enunciated in the previous section.

The stapler is certainly more awkward to use 
than the tiny PTFE “parachute” used in the man-
ual method. To simplify, therefore, the position-
ing of the cartridge-mounted prosthesis around 
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the ostial valve, it is advisable to sacrifice one or 
two tributaries immediately adjacent to the outlet 
of the femoral vein.

The sling that passes under the vein should be 
manipulated to elevate the terminal saphenous 
vein. The cartridge-mounted prosthesis is passed 
beneath the valvular site and an attempt is made 
to push the notch on the prosthesis into the angle 
of contact of the saphenous vein at the femoral 
vein.

When a diameter is reached that matches the 
straight vein segment underneath (determined 
by B mode imaging, with the patient standing) 
and excessive dilation is corrected, the release 
tabs on the side of the device are pressed; the 
excess prosthetic material is trimmed, and 
simultaneously the stapler automatically fires a 
single metallic staple which will fasten the pros-
thesis at the selected diameter.

Theoretically, a valve competence test could 
be performed with intraoperative Doppler imag-
ing before the staple is released, through selection 
of a diameter equal to the diameter that causes the 
reflux signal to disappear on ultrasound.

In practice, however, although there is an 
undeniable advantage in adjusting the prosthesis 
diameter before trimming and suturing begin, 
this test is not easy to perform. The stapler shuts 
out a lot of the surgical lighting and makes it dif-
ficult to position the Doppler probe beneath the 

valve during the repair, at least when the surgical 
approach described is being used. There is no dif-
ficulty, however, in choosing the appropriate 
diameter when the more complicated but also 
more accurate angioscopic monitoring is used.

Visualization of the correctly approximated 
cusps is a sufficient criterion for safely proceed-
ing with firing the cartridge.

13.6  Results

The authors have used this surgical technique in 
72 cases: 42 manual and 30 with Venocuff; fol-
low- up is 72 months; the indications listed above 
were observed.

The results obtained in this carefully selected 
patient group were a surprise to anyone who, like 
the authors, supports a true challenge to the pro-
gression of varicose disease rather than just per-
forming another clinical experiment.

This very carefully selected group of patients 
was for obvious reasons followed with extreme 
care by members of the author’s medical group. 
The results have been analysed from different 
perspectives: clinical, sonographic, radiological 
and hemodynamic; the postoperative changes in 
superficial blood pressure and the filling time for 
the limb using photoplethysmography have been 
measured.

A

B

Fig. 13.10 Left: Stapler valvuloplasty of the terminal valve. A Indicates the Venocuff gage and B a release tabs. Right: 
The original venocuff device. © P. Zamboni
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13.6.1  Clinical Results

All procedures were performed under local 
anaesthesia under an outpatient surgery regimen 
without ever having to use analgesics. The 
patients were discharged with an 18–20 mmHg 
prophylactic elastic stocking and quickly 
resumed their normal daily schedules.

Two cases of superficial postoperative throm-
bosis were recorded which required an immedi-
ate re-intervention involving short stripping of 
the proximal saphenous vein.

After a learning curve, there was no longer 
any type of problem, so that the procedure can be 
proposed as safe.

During the follow-up, in 91% of cases the dis-
appearance or fusion of moderate peripheral vari-
ces involved in sapheno-femoral reflux were 
observed [16]. Varicosity recurrence occurred in 
6% of cases due to perforating veins not refluxing 
at the time of intervention.

This percentage is indeed very low and does 
not represent a failure of the technique in ques-
tion, although it does represent one aspect of the 
natural progression of the varicose disease.

13.6.2  Results on Ultrasonography

Although the initial application of external valvu-
loplasty was performed on a very carefully 
selected group of patients, which has no compari-
son in the literature, the procedure provided sur-
prising results.

Recurrence of sapheno-femoral reflux was 
observed only in 6% of the group (Fig. 13.11). 
Another important feature is the low number of 
saphenous veins lost after the procedure.

Duplex scanning data shows us a 94% saphe-
nous patency rate with a mean diameter of 4 mm 
at the thigh, ideal therefore for an autologous 
arterial graft and in the ranges of normal popula-
tion [18].

An investigation by Rutherford demonstrated 
a 21% rate of saphenous occlusion after high 
ligation of the sapheno-femoral junction, and 

therefore these were unusable as arterial grafts 
[19]. Fligelstone obtained only a 64% total 
patency rate for the saphenous vein despite excel-
lent results in controlling the varicosity syndrome 
with high ligation of the sapheno-femoral junc-
tion and peripheral phlebectomy [20].

Such evidence confirms the importance of 
maintaining saphenous drainage to stabilize the 
superficial venous system.

With regard to Doppler ultrasound evaluation 
of sapheno-femoral valvuloplasty, no vascular 
ultrasound probe has the resolution power capable 
of visualizing the fine valvular leaflets after they 
have been banded by the external prosthesis.

On vascular ultrasonography, the ultrafine 
PTFE we have suggested, 0.4 mm thick, and the 
silicone-reinforced Dacron mesh mounted on a 
Venocuff create the appearance of a hyperechoic 
line around the saphenous lumen. By placing the 
sample volume of the pulsed Doppler beneath the 
repaired segment, it is easy to test for valvular 
competence. Duplex scanning also enables deter-
mination of continued stability of the saphenous 
diameter at the level of the valvular site.

But the most reassuring result from ultrasonog-
raphy is the evidence of saphenous anterograde 
drainage, which restores physiologic emptying of 
the superficial system at systole (Fig. 13.11).

Fig. 13.11 Manual squeezing of the calf demonstrated 
an upward flow and reflux disappearance in 94% of 
patients operated on by external valvuloplasty.  
© P. Zamboni
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13.6.3  Radiographic Results

The authors had been using prostheses derived 
from arterial vascular surgery during the first pio-
neering years of performing this intervention 
and, as mentioned previously, found that they are 
not suitable for postoperative imaging.

In the initial years, the patients had to undergo 
descending venographic testing in order to docu-
ment the restoration of valvular function. In 
Fig. 13.12, descending venography clearly 
depicts the restored terminal valve function.

13.6.4  Haemodynamic Results

Saphenous anterograde emptying with elimina-
tion of primary and secondary reflux is the basic 
factor behind the highly significant (statistically 
speaking) reduction in ambulatory venous pres-
sure (AVP) and protraction of refilling time (RT) 
recorded in this group of patients. The authors 
believe that this evidence lends even greater sup-
port to the proposed procedure [13].

 Conclusion

On the basis of their experience, the authors 
consider external valvuloplasty of the 
sapheno- femoral junction to be the procedure 
of choice in cases of sapheno-femoral reflux 
in the presence of valvular cusps that are 
shown to be mobile and intact on sonogram at 
the level of the proximal saphenous vein, if 
concomitant presence of other reflux sites on 
incompetent perforating veins are regarded as 
an exclusion criterion for the procedure.

The intervention is always possible under 
local anaesthesia with ligation of incompetent 
tributaries and adjunctive vein avulsion with 
multiple stab incisions. Experience reported in 
the literature indicates that this approach 
enables slowing of the progression of varicos-
ity while “saving the saphenous” in its func-
tion of anterograde emptying.

Intraoperative testing of valvular compe-
tence is more than adequate using Doppler; 
there is no need to have recourse to strip tests 
or angioscopy.

There is room for improvement in the area 
of banding materials, and so the authors still 
have research in progress on a material that is 
more compliant and generates very little 
fibrotic reaction in the wall, so that removal 
should be made easier.
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Treatment Options Depending 
on the Patient’s Presentation

Erika Mendoza

14.1  Introduction

There are very different types of personalities 
behind varicose veins. Some consult in despair 
when observing a little spider—which is only found 
by the doctor after the patient shows it with the fin-
gertip. Others never ever consult, even though the 
leg turns brown and hard and finally bursts open 
with an ulceration. The same as with the personali-
ties we can observe with the symptoms. There are 
typical venous symptoms with swelling and begin-
ning corona at the ankle, and the only duplex find-
ing is a thin refluxive saphenous vein from the groin 
(mostly with competent terminal valve) to the ankle. 
And persons with meandering thick tributaries all 
over the leg and calf live without any symptoms.

And then we have lots of treatment options with 
little evidence. We never studied if compression is 
better than surgery in early stages. Nobody investi-
gated how long it will take an asymptomatic vein 
with no skin changes to develop to a symptomatic 
vein or to produce complications. All of us know 
patients since years or even decades that consult 
with visible veins, no complaints, no skin changes 
(asymptomatic C2), and we see little or no evolutiv-
ity. We recommend just to wear stockings and to 
come back after some years, because there still is no 
need to perform any intervention. The only proven 

so far is that people with symptoms and skin 
changes have entered the evolutivity phase and will 
suffer progression if no treatment is performed [1].

This variability in the presentation and evolu-
tion of the illness and variety of treatment options 
makes phlebology that thrilling speciality. There 
are no real evidence-based protocols to be fol-
lowed. In this chapter, the author aims to give an 
orientation to the diagnostic approach and treat-
ment options in a number of typical situations, 
working out which ones could be the options in 
each situation in case we decide for a treatment.

Decisions depending on the patient’s comor-
bidities are discussed in Chap. 11.

To be able to apply the topic “choosing 
wisely” in phlebology, we do need to have a cer-
tain minimal setting in our unit concerning diag-
nostic possibilities and treatment options. We 
need to know if the venous disease is only cos-
metically bothering or it is already provoking 
clinically visible consequences that might have 
an evolution to irreversible skin changes.

In theory, we do need to be independent of the 
reimbursement when recommending options to 
the patient. As this is not the reality in lots of 
countries, at least we should always contrast our 
recommendation to our patients with what we 
would offer our relatives in the same situation.

E. Mendoza, M.D., Ph.D.  
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14.1.1  Diagnostic Facilities

An appropriate diagnostic result is impossible 
without asking the patient about the history of his 
disease and about the concerns he has. Often 
patients consult, because visible veins are thought 
to be the reason of spinal nerve-induced pain in 
the leg. A simple anamnesis will sort this out. 
Our commitment is not only to find a varicose 
vein but also to put the vein in the correct context 
of the patient’s concerns. Important examples of 
questions are as follows:

• Is the pain relieved with compression stock-
ings—probably venous origin?

• Is the pain also present at night—mostly not 
venous origin?

• Does the pain start at the back and follow neu-
ral pathways alongside the inner or lateral part 
of the leg—mostly not venous origin?

• Do numbness and tingling mostly have neuro-
logic reasons?

We must inform the patient if the problems he 
suffers will be relieved after a treatment of the 
varicose veins.

Physical exploration is important to sort out 
other, like neuromuscular, diseases. Through the 
exploration, we will detect the degree of skin 
affection due to venous disease. Even though the 
clinics in CEAP classification allow large discus-
sions [2–4], it is clear that skin changes classified 
as C4–6 are obvious alarming signals if combined 
with visible or detectable varicose veins. Oedema 
has multiple reasons, and not every oedema is an 
alarming sign if coexisting with varicose veins. 
Patients with lipoedema might suffer from vari-
cose veins; the same happens with obesity-induced 
oedema and lymphoedema. In these cases, it is the 
personal experience of the treating team together 
with the patient that must decide which treatment 
options are possible and do make sense. It is only 
the physical exploration that gives the hint to the 
clinical severity of the varicose vein illness.

Duplex ultrasound is available since late 
1980s. Today the devices have become as acces-
sible to every phlebologist that it can be asked as 
mandatory to use a duplex investigation in the 

diagnostics of a patient affected with varicose 
veins. When using duplex in experienced hands, 
no phlebography is necessary—and hand-held 
Doppler devices are no more appropriate as sin-
gle diagnostic tool, except for those regions 
where other technical possibilities are not avail-
able. In case of complex varicose veins after deep 
venous thrombosis, further investigations might 
be necessary (see Chap. 5).

14.1.2  Therapeutic Options

Fifty years ago, there was only one surgical 
option in the treatment of truncal varicose veins: 
high ligation and stripping of the affected vein or 
wait and see—with or without compression.

Things have changed—and will go on chang-
ing in the future. This means that we have devel-
oped from one disease, one treatment to a 
patient-oriented, finding-tailored treatment [5]. 
But we will only be able to offer this to our 
patients if we are able to perform all the avail-
able techniques and strategies—in our team or 
in another unit, where we can send our patients 
in certain cases.

When we inform patients about therapeutic 
options, we must inform about the consequences 
as well; that means the side effects of the proposed 

Basic diagnostic tools to define the pres-
ence and extent of venous disease:

• Anamnesis
• Physical exploration
• Duplex ultrasound with colour and PW 

mode

Supplementary diagnostic tools:

• Plethysmographic methods to quantify 
deep venous impairment and as a global 
parameter of venous function

• CW Doppler to exclude arterial disease
• MRI/CT to examine complex post- 

thrombotic diseases
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treatment and the alternative options and the long-
term results and recidives. And we should inform 
the patient about the consequences of doing noth-
ing or at least only compression stockings. And we 
should confess that there is a huge lack of informa-
tion concerning lots of long- term results in the 
new techniques. We have to inform the patient that 
we do not know about the evolution time of 
uncomplicated varicose veins—we do only know 
about the progressivity of complicated varicose 
veins on treatment waiting lists [1] and about the 
recidives after applying a treatment [6].

So today we should be able to give our 
patients different options from wait and see, 
compression stockings and treatment—which 
should involve surgery (of saphenous veins, 
perforators and tributaries), foam sclerotherapy 
(ultrasound guided for saphenous veins and 
perforators) and endoluminal devices. The opti-
mum setting is a team with skilled persons in 
all these options. But often the national health 
services are built in categories: the basic ones 
with the diagnostics and the specialised ones 
with the therapeutic options. A good feedback 
in the form of discussion of patients allows a 
better understanding of which strategy and 
which technique would fit which patient best 
and help the patients to be sent to the specialist 
at the perfect moment.

14.1.3  Personal Experience

Treatment of varicose veins is suffering quick 
evolution. Nobody is able to have large personal 
experience in every treatment option. Therefore, 
phlebologists need to have good continued for-
mation possibilities and need to be humble 
enough to tell the patient that they personally do 
not have experience with some technique or 
 strategy—but are willing to send him to an expe-
rienced colleague. The author is aware of the fact 
that waiting lists and structures in some health-
care systems or extreme poverty in some coun-
tries counteract this vision.

14.2  Legs with Varicose Veins 
and No Truncal Reflux

Some studies suggest that there is an evolution 
from distal to proximal, from refluxive R3 to 
refluxive R2 and ascending along the R2 [7–9]. 
Other theories state that it is the vein wall that has 
an incorrect function and this fact induces the 
varicose vein. As long as nobody knows exactly 
what happens in the evolution of varicose veins, a 
way to decide in each situation has to be found. 
Only when the real processes have been anal-
ysed, perhaps physicians will have the opportu-
nity to learn how to interact with them to prevent 
varicose vein formation.

This part of the chapter deals with patients 
with competent saphenous veins, competent deep 
veins and visible tributaries. In the vast majority 
of cases, there are no signs of chronic venous 
insufficiency; that means no oedema and no skin 
changes. Symptoms of heavy legs in summer and 
itching are possible.

14.2.1  Tributaries Not Related 
to the Saphenous Veins  
or the Pelvic System

Figure 14.1 shows the haemodynamic situation 
with competent saphenous veins and no con-
nection between the visible tributaries (or spi-
der veins) and the saphenous vein. No reflux 

Obligate therapeutic options:

• Surgical options:
 – Possibility to perform surgery of the 

junctions and perforators with or 
without stripping of the saphenous 
veins

 – Tributary phlebectomy
• Ultrasound-guided foam sclerotherapy
• Compression stockings
• Endoluminal treatment options with at 

least one of the following devices:
 – Laser
 – Radio frequency
 – Glue

14 Treatment Options Depending on the Patient’s Presentation
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source is found like refluxing pelvic vessels 
(reflux in I-point or P-point; see Chap. 8) or 
perforators.

The patient usually has no complaints, only 
seldom itching. The treatment is done under cos-
metic considerations. Experience tells us that 
untreated spider veins or reticular varicosities 
progress over time and will become more and 
more visible. So, it might be helpful to treat the 
visible veins with the least possible invasiveness. 
We do not know if a treatment in this situation 
prevents from progression of disease to a higher- 
level vein (saphenous vein, perforator). After 
explaining this to the patient, the tributary can be 
treated either with mini-phlebectomies or sclero-
therapy. A treatment of the—competent!—
saphenous vein is not indicated.

14.2.2  Tributaries Fed by Reflux 
Originating in the Pelvic 
System

In some cases, we find varicose veins emerg-
ing from the groin cease or the pudendal 
region. In ultrasound examination, we dis-
cover competent deep leg veins, competent 
saphenous veins and no reflux at the level of 
the sapheno-femoral junction. But a refluxing 
vein emerges from the P-point or the I-point 

(see Chap. 8) or just from superficial epigas-
tric vessels running from the abdominal wall 
to the ventral aspect of the thigh. The insuffi-
ciency starts mostly in the pelvic network. It 
looks like better results with surgery are 
achieved, if the phlebectomy is performed up 
to the trans-fascial exit point (I- or P-point; 
see Chap. 8). Another effective possibility is 
the foam sclerotherapy next to the emerging 
points of the visible veins and with injection 
direction to the pelvis. Foam will reach into 
the trans-fascial veins and could achieve a bet-
ter occlusion of the connection to the network. 
Nevertheless, these veins are very prone to 
recidives after sclerotherapy. Again, any treat-
ment of the—competent!—saphenous vein is 
not indicated (Fig. 14.2).

14.2.3  Tributaries Fed by Competent 
Saphenous Veins

Sometimes visible tributaries are fed by a compe-
tent saphenous vein. The saphenous vein has only 
orthograde flow, but feeds the tributary, which is 
refluxive starting at the point it leaves the saphenous 
vein. This is the situation we find in shunt type 2 
after Franceschi (see Fig. 14.3). The tributary usu-
ally is not very dilated, as there is no real recircula-
tion (open shunt when draining through a perforator 

SSV DV GSV

a b

Fig. 14.1 (a) Schematic view of the refluxive tributary (N3) 
without connection to saphenous or deep veins. (b) Typical 
finding with thin veins, most often under 2 mm of diameter 

and forming profuse networks. SSV small saphenous vein, 
GSV great saphenous vein, DV deep veins. Deep veins, N1: 
dark blue. Superficial veins, N2: blue. Refluxive vein: red
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SSV DV GSV

a b

Fig. 14.2 (a) Schematic view of the refluxive tributary 
filled by pelvic network, without connection to saphenous 
or deep veins. (b) Typical finding with thin veins, at the 
ventral aspect of the thigh, emerging lateral of the 

sapheno-femoral junction. SSV small saphenous vein, 
GSV great saphenous vein, DV deep veins. Deep veins, 
N1: dark blue. Superficial veins, N2: blue. Refluxive vein: 
red. Pelvic network: dark red

SSV DV GSV
Fig. 14.3 Schematic view of the refluxive tributary fed 
by a competent saphenous vein. Open shunt, if the drain-
age is via a perforator; closed shunt, if the drainage is via 
the same saphenous vein, closing the circle of recircula-
tion [16]. SSV small saphenous vein, GSV great saphenous 
vein, DV deep veins. Deep veins, N1: dark blue. Superficial 
veins, N2: blue. Refluxive vein: red

or the other saphenous vein; see Fig. 3.19b). In case 
of a closed shunt with drainage of the superficial 
blood (N3) into the same saphenous vein further 
down (see Fig. 3.19a) this could lead to a more 
prominent refluxive tributary. Possibly this situation 
is the first step in the evolution to a retrograde flow 
in the saphenous vein (ascending theory).

In these cases, a treatment of the tributary 
might stop a progression of reflux into the 
saphenous vein. Even if the philosophy fitting 
to venous-sparing treatments might be to harm 
as little as possible, we do not know if in these 
cases the early treatment with little invasive-
ness could bring a benefit to the patient in the 
long run. A flush ligation of the tributary at the 
emerging point of the saphenous vein—with or 
without phlebectomy of the tributary itself 
could be the surgical option or a foam sclero-
therapy with digital compression of the saphe-
nous vein to avoid passing of foam to the 
healthy trunk ([10]; see Sect. 7.12). In the expe-
rience of the author, these cases have a very 
good evolution. They must be differentiated 
from those with little reflux in the saphenous 
vein fed by proximal, healthy tributaries (shunt 
“0”), described in Sect. 3.7.4, which might have 
a poorer evolution in the long term.

14 Treatment Options Depending on the Patient’s Presentation
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14.2.4  Tributaries Fed by Refluxive 
Perforators

Some varicose veins are fed by perforators with-
out having a saphenous vein involved in the recir-
culation. It can be the perforator located at the 
posterior or lateral aspect of the thigh (see 
Fig. 14.4), an isolated perforator in the knee-fold 
or a perforator at any place of the leg connecting 
the deep veins (N1) with a superficial tributary 
(N3). Another option is a trans-osseal perforator 
filling varicose veins mostly at the shin [11] (Fig. 
3.13). Depending on the diameter of the perfora-
tor and the history of the patient, large reflux 
amounts can be found, leading to skin changes 
and signs of chronic venous insufficiency. In case 
of venous symptoms, there is an obvious treat-
ment indication to avoid progression. Other cases 
might be treated under cosmetic points of view or 
to meet the patient’s wish to avoid progression. 

One exception should be made in case of trans- 
osseal perforators (see below).

Depending on the further drainage paths of the 
reflux, e.g. through saphenous veins, other com-
binations of treatments will be necessary. In this 
paragraph, we deal exclusively with those 
refluxes that are not touching saphenous veins, 
corresponding with the shunt type 6.

Depending on the flow through the incompe-
tent perforating vein, a foam sclerotherapy might 
be enough (thinner veins, diameter less than 
5 mm in standing position, reflux velocity not too 
fast) [10]. Alternatively, the interruption of the 
perforator at subfascial level is necessary, either 
surgically or if the anatomy does allow it with 
endoluminal devices.

Again, the treatment of the competent saphe-
nous veins is not indicated in this situation.

In case of bone perforators, most frequently 
trans-tibial ones (see Fig. 3.13), there is little data 
about aetiology and evolution. A hole in the bone 
wall connects with a perforator that feeds the 
varicose vein. No connection to the deep venous 
system or saphenous system is observed at this 
level; the bone marrow is possibly fed by a tribu-
tary of the posterior tibial vein [11]. The first 
observations of evolution after treatment suggest 
that a surgical interruption is technically difficult, 
because there is a real hole in the bone wall 
impeding a classical ligature. So, it looks like 
foam sclerotherapy is the unique solution and 
should be applied as soon as possible, because 
the larger the vein, the more sessions of sclero-
therapy seem to be needed.

14.3  Legs with Truncal Reflux 
and Little Disease (C1–C2n)

Visible varicose tributaries (N3) without other 
clinical complaints can be fed by an incompetent 
saphenous vein or other sources (see Sect. 14.2). 
A saphenous vein treatment is only indicated if 
there is a reflux in the saphenous vein—thus all 
the cases described in Sect. 14.2 do not need any 
saphenous vein treatment.

Some schools defend the theory that by the time 
a reflux is detected in any saphenous vein, a surgery 

^

SSV DV GSV

+

Fig. 14.4 Schematic view of the refluxive tributary (red, 
+) fed by a refluxive perforator (^) at the dorsal part of the 
thigh. Drainage into the deep vein of the calf through a 
terminalising perforating vein, not touching the saphe-
nous vein (Image with kind permission from Schattauer, 
Phlebologie [10]. SSV small saphenous vein, GSV great 
saphenous vein, DV deep veins. Deep veins, N1: dark 
blue. Superficial veins, N2: blue. Refluxive vein: red
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indication is given. Looking at the statistics, we 
know that up to 50% of patients suffer a recidive 
5–10 years after stripping and still 26% after venous 
sparing surgery (see literature, Chap. 10). We do not 
know how many patients with little disease will 
have an evolution to clinical deterioration in the 
next 5–10 years. So, we really do not know what to 
recommend patients with little disease. If the patient 
has no cosmetic complaints, a wait-and-see strategy 
(with or without compression stockings) and a new 
investigation in case of visible progress or new 
symptoms can be a recommendation. Lots of 
patients stay in this situation for many years.

If the patient is bothered by the optical impair-
ment, a treatment option with minimal invasive-
ness and recidives should be chosen, regarding 
there is little disease. As seen in Sects. 6.4.1 and 
6.11.4, the results depend on some factors, worth-
while to be summarised here. The main differen-
tiation at the moment of the decision might be the 
competence of the terminal valve [12].

14.3.1  Competent Terminal Valve

Little disease and great saphenous vein reflux are 
often the case, when the terminal valve is compe-
tent. Lesser saphenous vein diameters are found 
[13]. According to Bernardini [7] and Caggiati 
[8], there is an ascending evolution of varicose 
disease, meaning that a saphenous reflux with 
competent terminal valve will evolve to terminal 
valve incompetence throughout the years.

On the other hand, we know that in case of no 
draining perforator on the saphenous vein (shunt 
type 5; see Sect. 6.11.4.4), 97% of patients treated 
with interruption of the tributary at the level of 
the saphenous vein achieve a flow correction with 
orthograde flows in the saphenous vein after 
3 years (Fig. 14.5) [12]. If the “untreated” evolu-
tion is to develop incompetent terminal valves—
and the long-lasting good result for the evolution 
after treatment of the saphenous trunk depends 
on the competence of the terminal valve—the 
treatment in this situation could be performed 
under a preventive aspect.

Even in case of little reflux amounts, compe-
tent terminal valve and draining perforator on the 

saphenous vein, a disconnection of the tributary 
(ASVAL or CHIVA; that means tributary discon-
nection with or without phlebectomies) could 
induce a situation with a persisting little reflux in 
the great saphenous vein but without clinics and 
without visible tributaries (Fig. 14.6).

Foam sclerotherapy of the tributary with dig-
ital compression of the saphenous vein is an 

SSV DV GSV

97%

Fig. 14.5 Left: schematic view of a reflux in the GSV 
with competent terminal valve. Reflux source: groin tribu-
tary. Reflux leaves the GSV through a tributary, no drain-
ing perforator (reflux elimination test positive; see Sect. 
3.8.9), green line: point of surgical interruption. Right: 
situation after interruption of the distal draining tributary 
at its origin (GSV), with or without phlebectomy. This 
situation is stable in 97% after 3 years [12, 16]. SSV small 
saphenous vein, GSV great saphenous vein, DV deep 
veins. Deep veins, N1: dark blue. Superficial veins, N2: 
blue. Refluxive vein: red

SSV DV GSV

Fig. 14.6 Left: schematic view of a reflux in the GSV 
with competent terminal valve. Reflux source: groin tribu-
tary. Reflux leaves the GSV through a tributary and a 
draining perforator (reflux elimination test negative), 
green line: point of surgical interruption. Right: situation 
after interruption of the distal draining tributary at its ori-
gin (GSV), with or without phlebectomy. No data avail-
able about how stable the situation might be [16]. SSV 
small saphenous vein, GSV great saphenous vein, DV 
deep veins. Deep veins, N1: dark blue. Superficial veins, 
N2: blue. Refluxive vein: red
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alternative option in case of very thin saphenous 
vein or little reflux and cosmetic complaints; 
there are no studies of long-term results (see 
Sect. 7.12).

Of course, the treatment option in case of 
competent terminal valve and incompetent 
 preterminal valve will be the same, if the clinical 
presentation is with oedema or skin changes.

14.3.2  Incompetent Terminal Valve

In case of incompetent terminal valve, saphenous 
reflux and little disease, we have the option to 
achieve a flow correction in the saphenous vein 
when performing a distal, draining tributary liga-
tion in about 40% at 1 year and 20% in about 
3 years—which is very little [12]. Saphenous vein 
treatment of any kind can be offered (stripping, 
endoluminal treatment—thermal, glue or foam—
of the saphenous vein, extraluminal valvuloplasty 
in case of diameter less than 10 mm at the groin or 
CHIVA with treatment of the SFJ). The question 
still not resolved is what will be better in the long 
term—treating or waiting. So, in case the patient 
has no complaints, a wait-and- see option seems to 
be a good option in this situation, at least an option 
to be offered to the patient.

When deciding the treatment strategy, the 
patient is to be informed about different treat-
ment options and the recidives rate of each.

14.3.3  Reflux Escaping Through 
Accessory Anterior 
Saphenous Vein (AASV)

In these cases, the saphenous vein itself is only 
refluxive between the terminal and the pretermi-
nal valve, but the cosmetic situation is usually 
bothering. In case of thin diameter of the AASV, 
the refluxive vein might be treated with foam 
sclerotherapy, starting with ultrasound guidance 
and perhaps a higher concentration next to the 
sapheno-femoral junction and applying foam 
along the visible tributary. It might be good to 
treat the vein before an evolution to larger 
diameters.

The “lateral crossectomy” or surgical ligation 
of the AASV at the level of the GSV is an option 
in case of larger diameters, as well as endolumi-
nal catheter-assisted techniques in case there is 
an interfascial rectilinear segment of the 
AASV. The very short segment of refluxive GSV 
between the deep vein and the raising of the 
AASV reverts its flow in the clear majority of 
cases (Fig. 14.7) in the experience of the authors 
(data not published).

14.4  Legs with Truncal Reflux 
and Venous Complaints  
(C2s, C3–C6)

Usually, in case of venous complaints, the termi-
nal valve is incompetent, or a greater perforator 
feeds the saphenous vein.

Clinics are also possible, though seldom, in 
case of terminal valve competence. Treatment 
options are described in Sect. 14.3.1 and apply 
also to symptomatic patients.

As described in Sect. 14.3.2, in these cases and 
depending on the specialisation of the surgeon and 
the wishes of the patients, sclerotherapy (best in 
smaller diameters), stripping, endoluminal thera-
pies and CHIVA (possible in all diameters) are 
possible options. ASVAL is also described for 

SSV DV GSV

Fig. 14.7 Left: schematic view of a reflux in the GSV 
with competent terminal valve. Reflux source: groin tribu-
tary. Reflux leaves the GSV through a tributary and a 
draining perforator, green line: point of surgical interrup-
tion. Right: situation after interruption of the distal drain-
ing tributary at its origin (GSV), with or without 
phlebectomy. No data available about how stable the situ-
ation might be [16]. SSV small saphenous vein, GSV great 
saphenous vein, DV deep veins. Deep veins, N1: dark 
blue. Superficial veins, N2: blue. Refluxive vein: red
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large diameters if the refluxive segment of GSV is 
not too long. Extraluminal valvuloplasty is only 
possible, when a certain diameter at the groin is 
given. If a saphenous ablation option is discussed, 
the patient must be informed about the possibility 
of saving the saphenous vein and the lesser amount 
of complications and recidives when choosing a 
venous sparing option, as evidenced by the 
Cochrane review [6].

14.4.1  Treatment Options in Case 
of Thin Great Saphenous Vein

Seldom we find a long-lasting reflux in thin 
saphenous veins with oedema, very seldom with 
skin changes. The first impression of the vein in 
ultrasound is that its calibre is so thin that a reflux 
seems unlikely—sometimes the reflux is only vis-
ible after a dependency manoeuvre (see Sect. 
4.3.3.1). This type of reflux is defined as “non- 
drained” reflux (see Sect. 3.5.6). Venous diameter 
is so thin that a reduction of diameter will not 
improve the valve function. That is why a sclero-
therapy of the saphenous vein seems to be the less 
invasive option with good probabilities of occlu-
sion in one session due to the small diameter. Of 
course, all the other therapeutic options are pos-
sible (crossectomy and stripping, endoluminal 
heat or glue ablation. CHIVA will not be the opti-
mum choice in this situation, as multiple interrup-
tions of the course of the saphenous trunk are 
necessary to reach a fractioning of the pressure 
column). The invasiveness-effectiveness ratio is 
surely best with sclerotherapy—though no studies 
were performed in these seldom situation.

14.4.2  Treatment Options in Case 
of Skin Changes at the Calf  
or Ulceration

As described above, patients with skin changes 
usually suffer axial reflux. Depending on the 
preferences of the surgeon, every treatment 
option with saphenous vein flow correction could 
be chosen: CHIVA (interruption of the escape 
point(s), fractioning of the column), stripping or 

endoluminal ablation of the saphenous vein. As 
the incisions in the skin with dermato- 
liposclerosis (C4–6) is often followed by poor 
healing, in these cases the venous-sparing options 
are preferable: only interruption of the most 
important escape point (mostly the sapheno- 
femoral junction), waiting for a regression of 
skin changes—which might take months. If there 
is still a therapy necessity afterwards, further 
steps like phlebectomies or sclerotherapy or fur-
ther interruptions could be taken.

These patients are especially prone to minimal 
invasive interventions, like CHIVA—other than 
postulated in the past [14]—because CHIVA 
offers the possibility to treat in different sessions 
according to the necessities of the patient.

14.5  Superficial Reflux After 
Superficial Vein Thrombosis

Thrombosis of superficial veins might occur in 
saphenous veins and/or tributaries; the treatment 
options depend on the localisation.

14.5.1  Treatment Options in Case 
of Post-thrombotic Changes 
in Saphenous Veins

In the acute phase of thrombosis of a superficial 
vein, the international consensus recommends 
fondaparinux 2.5 mg a day s.c. for 42 days, in 
case of thrombi next to the junction anticoagula-
tion for weeks to months. After a good regression 
of the thrombus, a treatment of the varicose vein 
should be planned [15].

Large scars after thrombosis of saphenous 
veins will make it impossible to pass a stripping 
or endoluminal device through a saphenous vein. 
Residual thrombi could be displaced and provoke 
emboli when touched with an endoluminal 
device. In case of competent terminal valve but 
post-thrombotic lesions in the proximal saphe-
nous vein, an interruption of the tributary with 
the goal to achieve a competent saphenous vein 
(see Sect. 6.4.1) has a theoretic higher risk of 
recidivant saphenous vein thrombosis and should 
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therefore be avoided, the same as ASVAL or 
extraluminal valvuloplasty. A new thrombus with 
progression to the deep vein could end up in a 
pulmonary embolism, as the sapheno-femoral 
junction is not closed.

For the reasons explained above, a crossec-
tomy/crossotomy seems to be the most rationale 
option in these cases, especially to avoid a 
thrombus dislocation during a manoeuvre. As a 
vein with scars after superficial vein thrombosis 
might develop new thrombi after the crossotomy, 
a longer postioerative anticoagulation should be 
installed. In addition the vein should be treated 
with sclerotherapy foam simultaneously to sur-
gery or some days to weeks after the surgery.

14.5.2  Treatment Options After 
Thrombosis of Tributaries

Thrombi in tributaries usually keep a long time 
until they are resorbed from the vein by physio-
logic thrombolysis. After the acute phase treat-
ment depending on the extension and the 
symptoms of the thrombosis [15], any chosen 
treatment (stripping, endoluminal or foam abla-
tion, CHIVA or extraluminal valvuloplasty) can 
be applied to the saphenous veins. After an inter-
ruption of the reflux into the tributary, the blood 
flow in relation to the diameter will be less. As 
the vein wall is damaged by thrombosis, it will 
not react in a proper calibre reduction and could 
reactivate the thrombosis due to the stasis. Thus, 
the post-thrombotic superficial vein segment 
should be separated from the saphenous trunk by 
disconnection, as otherwise a new thrombus 
could enter the saphenous vein destroying it. 
Usually sclerotherapy of the post-thrombotic 
tributary (N3) is the optimum solution, as a phle-
bectomy can be difficult due to adherences.

 Conclusion

In every situation, patient context and venous 
illness degree offer the possibility to apply 
saphenous vein-saving surgery. The choice has 
to be taken after informing the patient about all 
the options, the advantages and disadvantages 
and the personal experience of the surgeon.
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