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Abstract The approach to the diagnosis and treatment
of venous insufficiencies involves two opposing attitudes:
demolition and conservation of the venous system. CHIVA
is based on knowledge of the pathophysiology of venous
insufficiency. Through an accurate and standard echo color
Doppler investigation, a mandatory method that must be
within the capabilities of a modern phlebologist, the causes
of the increase in transmural pressure are identified, a
map is prepared and finally a therapeutic strategy aimed
at normalizing the transmural pressure is planned. CHIVA
represents a scientific progress in the approach to venous
insufficiency. The CHIVA strategy is applied mainly, but

Introduction
CHIVA is the French acronym for “Cure
conservatrice et Hemodynamique de [I’Insuffisance

Veineuse en Ambulatoire": conservative and hemodynamic
treatment of venous insufficiency in out-patients. This

treatment was proposed by Claude Franceschi in 1988'.
It is based on a hemodynamic model of the venous
pathophysiology where venous insufficiency is defined as
the inability of the venous system to maintain a normal
venous trans-mural pressure TMP, to fulfill its functions of
tissue drainage, right heart pre-load, and thermoregulation.
So, the excess of TMP is regarded as the cause of the
symptoms and signs of venous insufficiency. Consequently,
restoring a normal TMP is considered mandatory and
sufficient to cure this disease.

The venous system is made of cardiac, thoraco-
abdominal, muscular pumps, venous network, and venous
side of the micro-circulation. The TPM excess can be due
to the malfunction of one or more of its components. TMP
is the pressure resulting from the intra-venous pressure
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not only, with conservative surgical tactics based on the
faithful reproduction of the strategy planned with the
cartography. CHIVA respects venous function and seeks
to preserve the GSV useful for all arterial surgery needs.
Studies performed according to the rules of evidence-based
medicine, Cochrane reviews and meta-analyses certify the
validity of the CHIVA strategy in the treatment of venous
insufficiencies of the lower extremities.

Keywords TransMural Pressure (TMP), Shunt, echo-
Doppler, cartography, strategy

(IVP) and the extra-venous pressure (EVP) opposition. So,
it increases with the rise of IVP, the decrease of EVP,
and vice versa. IVP is composed of Residual Pressure
(RP) provided by the arterial pressure through the micro-
circulation resistance, Gravitational Hydrostatic Pressure
(GHP) proportional to the vertical height of the venous
blood column and Valvular Muscular Pump Pressure
(VMPP) provided by the Valvular Muscular Pumps (VMP).

CHIVA assesses and corrects specifically the GHP,
VMPP and RP excesses. By fractioning the venous
blood column, it corrects the Dynamic Fractioning of
the Gravitational Hydrostatic Pressure (DFGHP) impaired
by valve incompetence. It reduces the VMPP excess by
disconnecting the source of the diastolic overloading flows
and pressure. It prevents excessive RP by preserving the
drainage through the original and compensatory veins. For
the same reason, it preserves also any vein even if varicose
and/or refluxing provided it suppresses the overloading
component of the reflux.
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A flow is physiologically correct whatever its
antegrade or retrograde direction, provided it is made

only of the draining blood of its area (venosome)*®. It
is conservative for hemodynamic reasons, i.e restoring a
proper TMP which results in the cure of signs (cosmetics
included) and symptoms of venous insufficiency. As the
venous insufficiency cases are more or less complex
according to their hemodynamic configuration, CHIVA
strategy must be tailored for each anatomical-functional
configuration.

Some pioneers can be considered CHIVA precursors’
because they related the fluid mechanics to the venous
pathophysiology (Table 1). They described the reverse flow
in the dilated great saphenous veins (GSV), the excess of
pressure caused by a defect of blood column fragmentation
due to valve incompetence, and favorable evolution of leg
ulcers after high ligation of the GSV.

Some decades after Benjamin Brodie®, Friedrich

Trendelenburg9 (1890) observed that the varicose GSV
compressed with a finger at the groin on a recumbent
patient, inflated less quickly when standing up if he kept
the pressure than when he released it (Trendelenburg Test).
Georg Perthes, his assistant, noticed that by placing a
tourniquet at the thigh, the varicose veins collapsed when
the patient was walking, except in case of deep veins
impairment (Perthes Test).

Contrary to the dramatic occlusive effects of
the femoral vein ligation, the varicose GSV ligation
provided good outcomes, Trendelenburg suspected a
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“private circulation” where the superficial veins are drained
back downwards into the deep veins through alternative
pathways (perforators) thanks to the activity of muscle
pumps.

A century later Claude Franceschi took over the
hemodynamic approach and developed complementary
concepts thanks to the Doppler Ultrasound vascular
investigation that he pioneered and published in the very

first book in the world in 1977'° as well as the first

vascular Ultrasound imaging book in 1986''. He studied
fluid mechanics to understand his observations, which
led him to propose an hemodynamic model of venous
pathophysiology. Being an angiologist who faced the
everyday need for vital GSV grafts to treat arterial and
coronary diseases, he took the most of this model to design a
GSV conservative treatment of venous insufficiency named
CHIVA, published in 1988.

Over time, CHIVA was demonstrated better than the
non-conservative methods by several reviews, randomized
and controlled trials, and Cochrane Library reviews'> .
Nowadays, many options, conservative and ablative, are
proposed to treat the primitive varicose veins of the lower

extremities.

The conservative consists of medical compression
or CHIVA strategy that is eligible in all the cases,
while ASVAL is ablative of the GSV tributaries and
GSV conservative only in selected cases because it is

based on different hemodynamic concepts'®. The non-
conservatives are represented by various surgical or
endovenous procedures.

Table I
CHIVA precursors who described the hemodynamic aspects
of the venous insufficiency and its therapeutic consequences

Ambroise Paré 1509-1590: first GSV ligation at the middle height of the thigh.

Everard Home 1756-1832: causal relation between valve incompetence, excess of hydrostatic
pressure and consequent leg ulcer healing by GSV ligation.

Tommaso Rima 1777-1843: hypothesis of a veins reflux refilling the varicose veins when standing
up and the consequent effects of GSV ligation at the thigh.

Benjamin Collins Brodie 1783-1862: fluid dynamic explanation of Rima’s hypothesis.

walking.

Friedrich Trendelenburg 1844-1924: hypothesis of a venous “private circulation® activated by

impairment.

Georg Clemens Perthes 1869-1927: confirmation of “private circulation” stopped by deep veins

Claude Franceschi 1988: hemodynamic approach of venous insufficiency. The CHIVA Strategy.
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Figure 1 - Leg GSV Hystological specimen after CHIVA treatment. Hematoxylin and Eosin staining techinque on the left.
Desmin immunohistochemistry staining technique on the right: smooth muscle cell in Brown. There is moderate intimal
fibrosis, hypertrophy of the media and adventitia with vasa vasorum. Muscle fibers are well represented as a result of
muscle work training. Three ordered layers of smooth muscle fibers: longitudinal on the intimal side, central circular,
longitudinal on the adventitial side. Regular appearance of the endothelium of the intima layer. Normal hystoarchitecture.

2007 CHIVA (TSFL) RIGHT
6 mm diameter

2006 CHIVA (TSFL) LEFT
GSV, 4.2 mm diameter.

Figure 2 - B mode appearance of the thigh right and left GSV, 15 and 16 years after CHIVA 1 strategy: saphenous-femoral
disconnection without arch section (TSFL. Triple Saphenous Femoral Ligation). GSV regular B-mode appearance. Right
GSV 6 mm, left GSV 4.2 mm diameter at the upper third of the thigh.

The Great Saphenous Veins preservation

The GSV CHIVA conservation objective is dual: to
restore its drainage function (whatever its flow direction)
provided its pressure and flow content are normalized,

sparing the GSV vein trunk for potential future bypass' !>

16.2-3% of patients treated for varicose veins will need an
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arterial bypass'’? Some studies confirm the refluxing GSV
eligibility for arterial bypass®* . 70% of varicose patients
had venous segments eligible for coronary bypass®. It is
demonstrated that GSV homograft prevails over the post-

stripping cryopreserved GSV allografts® ™.
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Figure 3 - wvalvulo-musclular pump and Dynamic
Fractioning of the Gravitational Hydrostatic Pressure
(DFGHP). Note the valves behavior.
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Figure 4 - anatomical-functional venous networks N1: in
ACI :sub-fascial deep veins. N2 in AC2. N2: Great and
Small Saphenous veins, part of Anterior Saphenous, and
Giacomini’s vein intra-fascial pathway N3 and N4 in AC3.
N3: Great and Small Saphenous tributaries and other epi-
fascial veins. N4L: Longitudinal connecting veins between
two different level saphenous zones. N4T: Transversal
connecting veins between Great and small Saphenous veins.
Drainage physiological hierarchy: N3>N2>NI, N3>NI
through junctions and perforators. 1 terminal valve, 2
preterminal valve, 3 cardinal valve.

Indeed, if GSV preservation is a condition for
recurrence-rate reduction, is it also of great interest as a
potential venous graft. In addition, histologic assessments
were performed. The GSV is a propulsive vein, with a
smooth muscular layer growing hyperplasic during life due

to the workload that is daily subjected to?®. This is also

confirmed in the arterialized venous grafts in mice**>". The
histoarchitecture of segments of the post-CHIV A preserved
GSV was normal (fig.1) with hyperplastic smooth muscular

layer’’. So, the preserved post-CHIVA GSV may be
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useful for lower limb or coronary bypasses if the B-mode
appearance is, most of the time, regular (fig.2).

CHIVA Hemodynamic basis

The venous hemodynamics takes into account various
venous pressure parameters -,

Transmural Pressure: TMP is the pressure
resulting from the intra-venous pressure [IVP and the extra-
venous pressure EVP opposition. So, it increases with
the rise of IVP, decrease of EVP, and vice versa. IVP
is composed of Residual Pressure (RP) provided by the
arterial pressure through the micro-circulation resistance,
Gravitational Hydrostatic Pressure (GHP) that varies with
the vertical height of the venous blood column, and
the Valvo-Muscular Pump Pressure (VMPP) provided
by the Valvo-Muscular pumps (VMP). Gravitational
Hydrostatic Pressure (GHP) and Dynamic Fractioning of
the Gravitational Hydrostatic Pressure (DFGHP): in healthy
individuals GHP varies with the vertical height of the blood
column from the heart to the feet. So maximum in standing
and minimum in horizontal position.

It decreases when walking because the VMP closes
alternately the upstream and downstream valves during the
systolic and diastolic phases (fig.3): DFGHP. So, DFGHP
is impaired in proportion to the deep and/or superficial
venous valve incompetence. Restoring it, is one of the aims
of CHIVA. Residual Pressure: physiologically, RP is low
and varies only with the resistance of the micro-circulation.
It increases pathologically in case of a venous obstacle to
the draining flow, right heart failure or intra-abdominal
cava vein compression. So CHIVA prevents RP excess by
preserving the veins patency.

Venous hierarchical drainage (fig.4 ): normally,
the venous flow obeys a hierarchical drainage from the
superficial to the deep venous network. N1 are all the deep
veins below the muscular fascia; N2 are the saphenous axis
veins (Great Saphenous Vein (GSV), Short Saphenous Vein
(SSV), intra-fascial segment of the Anterior Accessory
Saphenous Vein (AASV), and the Giacomini Vein (GV)
located in inside the duplicate subcutancous fascia above
the muscular fascia (Egyptian eyes)** %,

N3 are the veins above the subcutaneous fascia.
N4 veins interconnect different levels of the same N2
(N4L Longitudinal) or different N2 (N4T Transversal). The
physiological drainage hierarchy is N3>N2>N1, N3>NI.
The competent valves block the reflux triggered by any
reverse, i.e cardio-fugal, pressure gradient PG (cough,
Valsalva maneuver, diastolic phase of the VMP) so
hampering the reversal of the hierarchical direction.
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Figure 5 - OVS on the left. The flow enters the shunt due to
the need for drainage in the presence of organic anatomical
or functional obstruction or stenosis of the physiological
venous drainage pathway. ODS on the right. Diastolic flow
is not overloaded by any N1 flow, but only by N2.

In case of superficial valve incompetence, this
hierarchy is reversed, i.e N1>N2>N3, N1>N3, N2>N3,
during the Valsalva maneuver and/or the lower limbs
VMP diastole. CHIVA restores the hierarchy N3>N2>N1,
N3>NI. Notice that even if the flow direction of some
of N2 or N3 segments is retrograde (reflux) it plays its
physiological role provided it obeys the proper hierarchy.

Veno-venous shunts: a shunt is defined as a conduit
connecting two points of a circuit that represent an
additional pathway for the flow. Veno-venous shunts are
veins overloaded by an additional flow provided by other
veins. Their hemodynamic significance differs according
to the feature of flow they divert from another vein. The
place where the flow is diverted is called escape point EP
and the distant place where it is restituted is called re-
entry point RP. The blood that enters the shunt reverses the
physiological hierarchy and adds its flow and pressure to
the physiological drainage of the shunting vein. According
to the type of the shunt, the overloading flow is activated at
rest, during the systolic, diastolic or both phases of VMP.
The Open Vicarious Shunt (OVS) is a compensatory
pathway activated at rest by the Residual Pressure and
by the VMP systole (fig.5). The EP is N1>N2 or N1>N3
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and it is activated by Paranad /Squeezing systole. RP is
N3>N1 or N2>NI. It may be active at rest or only when
evoked by a dynamic test. A dynamic obstacle exists and it
bypasses it. Its rate of compensation effect is assessed by the
Doppler measure of the Posterior Tibial Vein Pressure in a

recumbent posture, at rest, and at stress>>*. These shunts
are respected by CHIVA.

A Closed Shunt (CS) is always made of an N1>N2 or
N1>N3 EP; there is only one exception represented by a
variant of shunt 2a with N2-N4L escape point. It works like
a closed circuit because part of the diastolic refluxing flow
entering N1 is recycled through the EP in the same shunt
by the successive VMP diastole (fig.6). So CS confirms the
Trendelenburg intuition. CHIVA disconnection of N1> N2
or N1>N3 EP suppresses the overflow provided by N1.
Open Deviated Shunt (ODS) is never fed by NI1>N2
nor N1>N3 EPs, but N2>N3, so its diastolic flow is not
overloaded by any N1 flow but only by N2 (fig.5). So,
there is no recirculation, just a diastolic deviation. CHIVA
disconnection of N2>N3 EP suppresses the overflow
provided by N2.

Mixed Shunt (MS) combines CS and OVS. Their common
EP is NI>N2 or N1>N3 EP and their common proximal
segment is N2 or N3 which shows consecutive systolic and
diastolic refluxes. Their EP and proximal venous segment

are common and their terminal segments diverge at the

Separation Point (SP)*** towards distinct Re-entry Points

(fig.6). So, there is only a Parana/squeezing diastolic flow
in the CS terminal segment and only a systolic flow in
the terminal OVS segment. Consequently, CHIVA doesn’t
disconnect the common EP but only the terminal segment
of the CS at the SP level.

Duplex US
cartography

assessment and venous

Duplex Ultrasound scanning is mandatory to perform
an accurate venous anatomy-hemodynamic cartography
because it is the key point of the strategy and tactics of the
CHIVA treatment. The Echo Doppler of the lower limbs is
performed using a 7-12 Mhz linear probe, Pulse Repetition
Frequency (PRF) being adjusted between 0.75-1 kHz,
capable of detecting even low-speed flow from 0.05-0.10m/
sec. A convex probe of 3-7 Mhz is also necessary.
Hemodynamic maneuvers must be used to activate the
pumps.

Squeezing is the most common maneuver, and
consists of manually squeezing and releasing the muscle
pump of the venous collector being analyzed, i.e. not
only the calf. The Parand maneuver is preferable to the
squeezing test because it activates more physiologically

the VMP**"_ 1t consists of a slight push to the waist of
the patient which triggers a calf proprioceptive contraction-
relaxation reflex.
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Figure 6 - Closed Shunt (a). It is a private circulation. Blood recirculates in a group of veins and is withdrawn from the
general circulation. It can involve superficial veins but also only veins in the N1 district. Mixed Shunt (b). it combines

a CS and an OVS.

The Valsalva test consists of a blocked and forced
expiration that reverses downwards the Pressure Gradient.
It stops the flow of the competent veins but it reverses it
through N1>N2 and N1>N3 EPs. Notice that it triggers a
reflux throughout N2 and N3 only if N1>N2 or N1>N3
junctions are incompetent. If NI>N2 or N1>N3 junctions

Escape points

Pelvic Leak Points (PLP): PLPs are 7 at each side
of the perineum and the pubis. They represent the N1>N3
refluxing perforators from the pelvic N1 down to N1>N3
EP where they feed 4 or 5 Shunts types (see below). Their
VMP diastolic reflux must be confirmed by a Valsava reflux
because the VPM reflux is not specific N1>N3 EP reflux.
Their exceptional permanent reflux at rest attests to their
compensatory role OVS of a pelvic N1 obstruction.

Three of them are fed by the parietal branches of the
hypogastric vein. Female and male Obturator Point (OP)
when the anterior muscular circumflex vein, the anterior
branch of the Obturator Vein connects to the GSV at the
groin.

_A\ Vasculab

are competent, it cannot trigger a N2 or N3 reflux neither in
S0, even if these veins show a Parana diastolic reflux.

The Perthes maneuver tests the effect of the eventual
escape point disconnection on the varicose vein collapse as
well as the quality of the RP.

Superior and Inferior Gluteal Points (SGP-IGP)
when N3 Valsalva reflux is fed by the superior and inferior
gluteal veins. Three additional PLPs, Perineal Point (PP),
Inguinal Point (IP), and Clitoris Point (CP), were

described by Franceschi*®*! They are particularly present in
women who had one or more previous pregnancies, where
they are responsible for an important rate of varicose veins.
They represent the N1>N3 refluxing perforators from the
visceral branches of the Hypogastric Vein.

The PP (Fig.7) is the posterior vulvar veins perforate
the Perineal Superficial Fascia just underneath the posterior
quarter of the vulva-perineal fold.
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Table 11
Clinical conditions associated with increased TMP
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stenosis or obstruction of a venous segment or reflux with overload of a venous district

iatrogenic from drugs, or collapse of arteriolar resistances from FAV

preferential flow resulting from the angle of insertion of a perforator into a deep vein

functional stenosis from tendon lamination, or postural clamps

congenital absence of outflow pathways of malformative origin

pathways

intense muscular activity with increased arterial flow and consequent overloading of the venous

TMP - trans-mural pressure

The CP (Fig.7)is the anastomotic plexus that
connects the Internal Pudendal Vein, the Bulbar Vein,
the Dorsal Clitoris Vein, and the External Pudendal Vein.
The reflux can feed ipsilateral or contralateral perineal or
anterior labial veins, the External Pudendal Vein, and then
the GSV.

An Intermediate Perineal Point (IPP) also exists
(Fig.7) and represents the hole of the Perineal Superficial
Fascia through which the intermediate vulvar vein reaches
the vulvar plexuses.

The IP (Fig.8) is the the superficial ring of the
inguinal canal. It is fed by the refluxing vein of the Uterus
Round Ligament (URLYV). The URLYV reflux is most of
the time fed by Gonadal veins reflux.

Male I Point (MIP): In the male, the gonadal vein,
especially when refluxing (varicocele) may feed a reflux
in the GSV directly or throughout the superficial epigastric
veins. Male C Point (MCP). Most rarely the GSV reflux
is fed by the dorsal plexus of the penis which refluxes
throughout an EP located at the subcutaneous fascia.

Notice that the PLP reflux can feed any N2 or N3
veins at any random level of the thigh and the leg and
that an I, P, or C point reflux may cross the middle
line and feed the varicose veins of the opposite limb.
The impact of a female pelvic escape point on a varicose
vein is significant. In personal experience, in the 8.3%
of all the varicose veins treated, a pelvic escape point
was disconnected (90% female, 10% male). Overlooked
pelvic escape points may cause a relapse of varicose veins,

especially chaotic in case of ablation of the GSV>%3,

Figure 7 - On the left patient position for P points echo-duplex check. In the mid image of a PP: the white arrow shows
the PP systolic Valsalva reflux, while the white dashed line represents the vulvar fascia. On the right are represented all
the 6 perineal escape points: C, IPP, PP. The black line and arrow represent the varicose vein fed by the PP systolic
Valsalva reflux
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Figure 8 - Right IP. The systolic valsalva reflux is detectable
in the round ligament venous plexus running into the
inguinal canal from the internal ring and the medial
subcutaneous ring (vellow arrow). The transversalis fascia
and the fascia of the oblique external muscle are the
hyperechoic lines detectable above and below the round
ligament

& NE A
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Figure 9 - Perforators appearance: linear straight
appearance (a), upward branched (b), downward branched
(c), direct confluence into a straight N1 collector generally
the superficial femoral vein (d), confluence into a collateral
of a main N1 collector generally the superficial femoral
vein (e), confluence into an arch of an NI collector
generally a posterior tibial vein (f)

Saphenous femoral junction (SFJ): the SFJ is
a strategic point where several different hemodynamic
patterns may be misinterpreted. As a matter of fact, the
N1>N2 reflux at the GSV end assessed by Parana/squeezing
is not specific of the incompetence of the terminal valve
and must be every time confirmed by positive Valsalva.
This reflux can be also due to a PLP. That is why Valsalva
must check the arch tributaries. If it is positive, these
tributaries are followed upwards until the Ep is detected.
If Valsalva is negative, the Parana reflux is just due to the

_A\ Vasculab
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incompetence of the pre-terminal valve below a competent
terminal valve or a post-CHIVA disconnection SFJ (see
below shunt 0). Notice that the physiologic flow of the arch
tributaries may be evoked by Parand/squeezing diastole, but
it is always stopped by the Valsalva systole and released
by the Valsalva diastole. When the SFJ is the EP of an
OVS as Palma due to an iliac obstruction, it refluxes during
the Parand/squeezing systole. The reflux is successively
systolic and diastolic in the case of Mixed Shunt (see
below). It may also be an RP of the opposite SFJ EP.

Saphenous popliteal junction (SPJ): Its location is
variable and the Saphenous popliteal junction may be not
direct to the Popliteal vein but to a Gastrocnemian Vein. It
is more subject to a Mixed Shunt because of constitutional
stenosis of the Femoral Vein at the Hunter annulus.

Perforators: are interconnecting veins between the
deep (N1/AC1) and superficial venous system above the
muscular fascia (N2, N2, N4/AC2, AC3). Perforators
must be differentiated from venous collectors, which on
the contrary are permanently and normally visible, and
represent a system of veins draining from the surface to
the depths, forming an interconnecting system between
the venous network of the abdominal wall, gluteus, and
lower limbs and the pelvic venous plexuses. They are
generally, though not exclusively, visible in the event of
overloading of a venous path, with the functional purpose
of redistributing flows and pressures. Perforators represent
an emergency defensive system activated by an increase in

PTM (Table 2). Regardless of the anatomical location®® %7,
different typologies of perforators exist according to their
morphological appearance and confluence in N1 (Fig.9).
From the anatomical and functional point of view, two
different categories of perforators can be distinguished:
direct (from the surface to an intermuscular vein) and
indirect perforators (from the surface into an intramuscular
vein). All the features just listed affect therapeutic strategy
and clinical outcome. Normally flow goes from the surface
to the deep through crosses, collectors, or perforating veins

thanks to a favorable pressure gradientsg.

The foot is the only exception. The closure of their
valves prevents reflux when the gradient is reversed. The
pressure gradient is physiologically reversed during the
systole of the lower limbs and thoracoabdominal pumps
(coughing, defecation efforts, Valsalva maneuver). It is
reversed pathologically at rest as well as during pump
systole when run-off resistances increase and consequently
also the residual pressure). The reflux always manifests the
valve incontinence of the perforator, therefore a pathology
of the perforator vein, but this valvular pathology does
not always create pathogenic conditions (venous function
impairment).
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Figure 10 - on the left 5.4 mm. paratibial direct continent perforator; Parana systolic and diastolic inward flow. It’s a
perfect re-entry point. On the right direct paratibial biphasic perforator: it’s a re-entry point.

To correctly check perforator veins hemodynamic
maneuvers are mandatory. Gravitational tests (static-
squeezing, dynamic-Parand) hypertensive test- Valsalva.
The systole of the Valsalva maneuver increases N1
collectors pressure, highlighting every incompetent
perforator anywhere in the lower limbs. Gravitational
maneuvers highlight open vicarious shunts. Echoduplex
is necessary for the evaluation of superficial as well as
deep venous paths. The echo-duplex check looks for escape
points, re-entry points, and venous paths, to identify a
venous shunt and prepare the cartographic report. The
ambulatory non-invasive deep pressure measurement, at
rest on both sides or after muscle activation of the flow, is
necessary too. It’s necessary to understand if a perforator
represents an escape point or a re-entry point as encoded
by the CHIVA hemodynamic conservative strategy. A re-
entry point is activated by the same conditions as the EP
it is connected to, but it flows inwards instead of outwards.
Most of the time it is represented by the perforators below
the knee.

A reflux (upstream flow) through a perforator during
muscle pump systole caused by manual compression of
the calf or Parana maneuver is always an expression of a
perforator pathology, but it may not be pathogenic in the
absence of a deep obstruction if the diverted flow return
downstream and continue towards the right heart: N1-N2-
NI1. The venous function is not impaired. The systolic
reflux in a perforator vein during muscle pump contraction
(gravitational tests) is pathological when it compensates for
an obstacle in the deep allowing the outflow, and so tissue
drainage. The systolic reflux of a perforator during the
Valsalva maneuver is always pathological and pathogenic
because it translates a reflux that continues in an inverted
direction into the superficial network.

_A\ Vasculab

The systolic diverted flow continues in a retrograde
superficial venous path until it reaches a re-entry perforator
thanks to a diastolic favorable pressure gradient (diastolic
pump aspiration). perforator reflux activated by the muscle
pumps diastole (gravitational static and dynamic tests),
associated or not with deep reflux, is always pathological
and also pathogenic because it causes a flow contrary
to the direction of tissue drainage and generates an
overload of flow and venous pressure in the district. Bi-
Phasic perforator flow: frequently, essentially below the
knee, the inward re-entry inflow evoked by the Parana/
Squeezing diastole is preceded by a systolic outflow. The
last one is of low hemodynamic relevance and is usually
much less important than the inflow. Biphasic perforators
may represent a re-entry point (Fig.10). Is the perforator
diameter a suitable parameter to define a pathological and
pathogenic perforator? In the AVF 2023 guidelines are
considered pathologic the perforator veins with an outward

flow duration > 500 ms and a diameter > 3.5 mm on DU>’.

In my personal experience, re-entry perforators are
often dilated by the excess pressure and flow rate of the
N2/N3 overloaded by one or more Escape Points (Fig.10).
It’s necessary to respect these re-entry perforators as they
work to reduce the TMP. This analysis refers to the
hemodynamic bases of venous pathophysiology confirmed
by the results of the CHIVA treatment. For these reasons,
the flow of perforators should be defined at rest, in systole
and diastole of both the thoracoabdominal (Valsalva) and
the muscle pump (dynamic/Parana and static gravitational
tests. Squeezing alone in a patient standing or sitting is not
sufficient, and creates a risk of overtreatment.
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Shunt 0

Figure 11 - Shunt 0. A segment of Saphenous vein with
the retrograde flow in diastole, also intermittent (after
muscular activation), arising from the inflow of a trunk
or arch collateral (a,b), or post-CHIVA (c). Respected
hierarchy of drainage.

Shunt 2a Shunt 2a
oDs cs
A
| v
@
N2-N4T-N2; N2-N4L-N2 N2-N4T-N2
N2-N3-N1
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Shunt 1 (CS) Shunt 1+2 (CS + ODS)
3 r 3
\ a—

N1- N2- N1 N1- N2- N1; N2-N3-N1

Figure 12 - Shunt 1 on the left. Escape Points: terminal
valve SFJ (red continuous line), SPJ (red dotted line), N2
direct insufficient perforanting vein (blue line and blue
circle). NI-N2-N1. Shunt 1 + 2 on the right: one or more
Open Derivative (red dashed) Shunt(s) are added to shunt
1.

Shunt 2b (ODS)
A

e

Shunt 2¢ (ODS)

-

N
*.

K

N2-N4L-N2 N2-N3-N1 N2-N1: N2-N3-N1

Figure 13 - Shunt 2a on the left side. Two distinct types of shunt 2a exist. ODS and CS (the only exception in shunts 2a.

Only hydrostatic pressure increases in the ODS. There are
and Shunt 2c on the right.

Shunts

The following classification is consistent with what
was established by the VII meeting of the European Chiva
Association held in Teupitz in 2002 °* ® and coherent

with the shunt classification originally reported by Claude
Franceschi in 1988 and Jorge Juan Samso in 2003%%.
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no N2 segments with retrograde flow. Shunt 2b in the midle

Shunt 0 (Zero) is a harmless shunt (fig.11). It is a
vein that fulfills its physiological role despite its retrograde
flow (reflux) because it is not overloaded and respects
the physiological hierarchy. It may be the case of any
refluxing N2 or N3 veins in healthy people or after CHIVA
disconnection of CS and ODS EPs because it leaves behind
a no more overloaded flow. It is activated only by the
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VMP diastole (Parana/Squeezing) and not by the Valsalva
systole. Notice that the alleged inflammatory role of
oscillatory flow disappears after CHIVA even if retrograde.

R Delfrate - CHIVA strategy in the treatment of venous insufficiency

This is attested by a study regarding the inflammatory effect

of oscillating flow®.

Shunt 3

S

N1-N2-N3-N1 N1-N2-N4L-N2-N1

N1-N2-N3-N1 N1-N2-N4L-N2-N1

Figure 14 - Shunt 3. It’s a closed shunt. Escape point N1-N2, with an N3 or N4 interposing itself between the escape point

and the re-entry to bypass an N2 continent segment.

Shunt 4 Shunt 5 Shunt 5 Shunt 5

A A 3 r 3

N1-N3-N2-N3-N1

N1-N3-N2-N1 N1-N3-N2-N4T-N2-N1 N1-N3-N2-N4L-N2-N1

Figure 15 - Shunt 4 on the left: PLP red circle and
continuous line, indirect perforator red circle and dashed
line. A shunt type 2 (blue line and blue circle) can be
associated with a shunt type 4: a direct re-entry on N2 and
indirect re-entry through N3 exist. It's a shunt type 4+2.
Different typologies of shunt 5 in the middle and on the
right.

Shunt 1: CS. TransMural Pressure increases due to
an increase in Hydrostatic Pressure and the addition of
Shunt Pressure It shows an N1>N2>N1 reflux triggered by
both Parana/Squeezing diastole and Valsalva systole. Three
different escape points (N1-N2) are possible: the terminal
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Shunt 6

>\

N1- N3- N1 N1-N3-N2-N1

Figure 16 - Two possible typologies of shunt 6.

valve of the SFJ as well as the SPJ, or a direct perforation
of N2 (Fig.12). RP may be multiple along N1 and the more
distal one is called Terminal RP.

Shunt 2: it shows an N2>N3 or N2>N4L, or
N2>N4T reflux triggered by Parand/Squeezing diastole
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but not by Valsalva systole. Three different types of
shunt 2 exist: 2A, 2B, and 2C (Fig.13). Two distinct
types of shunt 2a exist: ODS and CS (the only exception
in shunts 2a). Only hydrostatic pressure increases in
the ODS. There are no N2 segments with retrograde
flow. Shunt 2b is an Open Derivative Shunt (ODS)
with proximal saphenous incontinence and a re-entry path
exclusively through N3, N4L, N4T. Only hydrostatic
pressure increases. Shunt 2c¢ is an open derivative shunt
(ODS ) with proximal saphenous incontinence. Saphenous
N2 re-entry point, without any interposition of continent
N2 segment, and in addition through N3. Terminal
valve continence, possible preterminal incontinence. Only
hydrostatic pressure increases.

Shunt 1+2: CS. It's a shunt type 1 plus a shunt type
2 (Fig.12). It is a Shunt 2 connected to a Shunt 1. It shows
an N1>N2>N1 + N2>N3 reflux triggered by both Parana/
Squeezing diastole and Valsalva systole. Notice that when
the N1>N2 EP is disconnected, Valsalva doesn’t evoke
anymore a N2>N3 reflux. One or more Shunt 2s may
connect to the Shunt 1. In a shunt 1+2 the main RP is on
N2, while in the shunt 2+1 it’s indirect.

Shunt 3: CS. NI>N2 reflux is evoked by both
Parana /squeezing diastole and Valsalva systole but N1
doesn’t drain directly because intermediate RP is absent
(Fig.14). So it drains into an incompetent N3 then directly
or indirectly into a RP. Different types of shunt 3 may
exist, with re-entry flow passing through an N4L/N4T to
reach an N3-N1 re-entry point, or an N2. As sometimes
the intermediate RP may be not seen whilst present, a re-
entry test is possible. It consists in looking at the N2 flow
when blocking N3 during a Parand/squeezing maneuver or
preferably Valsalva, particularly when the RP is searched
at the thigh. TMP increases due to the presence of shunt
pressure and increased hydrostatic pressure.

Shunt 4: CS. Its reflux is fed by NI>N3 EP
(Perforator or Pelvic Point) then drains into N1 through a
N2 segment: N1>N3>N2>N1 (Fig.15).

Shunt 5: CS. Its reflux is fed by NI>N3 EP
(Pelvic or Perforator) then drains into N1 through a
NI>N3>N2>N3>N1 (Fig.15).

Notice that most of the time EP in Shunt 4 and 5 is
a pelvic leak point, and N1 most of the time refluxes in
one or more of the descending tributary of the GSV arch
(Superficial Epigastric Vein, External Pudendal, Epigastric
Vein) and through the Obturator veins in the anterior medial
circumflex muscular vein. As the physiological and the
overloaded flow of Shunts 4 or 5 are both descending,
Parana and Squeezing evoke a descending flow when the
GSV vein is incompetent irrespectively of its content i.e.
only physiologic or overloaded by a pelvic leak. The only
way to distinguish them is the systolic phase of the Valsava
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maneuver which stops the physiologic flow but increases
the overloading flow.

Shunt 6: CS. Its Parand/squeezing diastolic, Valsalva
systolic N3 reflux (Fig. 16). It’s fed by N1>N3 EP. The
escape point is an indirect perforator draining into an N3
collector. Two different typologies of shunt 6 exist N1-N3-
N1 (no involvement of N2), and N1-N3-N2-N1 (N2 doesn’t
show any refluxing segment).

When a MS combined with deep venous reflux and/
or obstruction: whatever N1 damage and impairment, the
VMP can in some cases still provide an efficient diastolic
inflow. In that case, a satisfactory diastolic reflux in N2
and/or N3 and a Perthes test vein collapse confirm it.
In that cases CHIVA disconnections can be performed.
The absence of diastolic reflux and Perthes test collapse
forbids any disconnection but doesn't identify the NI
damage. No diastolic reflux and small or absent systolic
flow in a large varicose N2 (usually GSV trunk) is due
to a Deep Competitive Reflux (DCR). Dominant systolic
flow attests to a OVS due to an N1 hemodynamical
significant obstruction. In addition, a Doppler Venous
Pressure measurement in a recumbent posture is possible
to assess the hemodynamic significance of a possible deep
venous obstruction.

Deep CHIVA®. I performed the disconnection of
3 Femoral veins and in addition 6 Posterior Tibial Veins
ligations, 5 at the middle third of the leg and one posteriorly
to the medial malleolus. Deep CHIVA is also possible.
It regards the diagnosis and treatment of the deep venous
closed shunts. It obeys the same hemodynamic principles
as CHIVA. Most of the time applied in Post-Thrombotic
Syndrome (PTS).

Post CHIVA Duplex US assessment: the
disconnected veins are checked: patency, caliber, Parana /
Squeezing, and Valsalva maneuvers. Most of all the
previously treated refluxing veins show normally a
retrograde flow triggered by Parana/Squeezing maneuvers
because they are Shunts 0. Positive Valsalva is due to
an NI1>N2 or NI>N3 reflux recurrence or not treated
(incomplete CHIVA procedure). As N2>N3 EPs are
not activated by Valsalva, N2>N3 connections must be
checked.

Cartography and Mapping: cartography is a
schematic drawing of a venous network that reports the flow
direction and the related shunts of each specific individual
configuration to tailor as well the strategy and the tactics
of the eventual CHIVA treatment. Then waterproof echo-
guided signs are drawn on the skin at the very points to be
treated.

Treatment

CHIVA is eligible in any case of superficial venous
insufficiency of the lower extremities. The CHIV A strategy
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is also applicable in deep venous insufficiency to disconnect
closed shunts for treatment of ulcers resistant to non-
invasive therapy.

Strategy

The CHIVA strategy aims at the TMP restoration, the
prevention of the varicose recurrence and the preservation
of the eventual venous grafts by :

- Gravitational hydrostatic pressure fractionation
- Closed and Open Deviated Shunt disconnection
- Veins and Re-entry Perforators preservation

- Open vicarious shunt preservation

- GSV preservation for eventual bypass need

Shunts 1, 2, 4, 5, 6 are disconnected in one stage.

Shunts 3 and mixed shunts are subject to peculiar
strategies.

In shunt 3 the intermediate N2 re-entry perforator
is absent. So the simultaneous NI>N2 and N2>N3
disconnection would leave behind a thrombosed GSV trunk

Tactics

Most of the time the incision is cosmetic short under
local anesthesia (fig 11). All sutures are non-absorbable
to avoid any redo to angiogenesis caused by inflammatory
consumption of the thread. The disconnections should
avoid leaving behind any stump. The N2>N3 disconnection
is a division-ligation of N3 flush N2 with 2 to 3 cms
phlebectomy. The PLP disconnections are division ligation
+ fascia suture procedures.

SFJ disconnection is performed flush the Common
Femoral vein completed with a clip at the very SFIJ.
The disconnection consists of Crossotomy instead of

Outcomes

Many studies were done for 30 years over the world.
All of them showed the non-inferiority of CHIVA vs
other Open surgery or endovenous methods. Moreover,
RCTs'?"® and Cochrane reviews'®!” CHIVA vs Stripping,
CHIVA vs Laser, CHIVA vs all the other methods attest

True CHIVA or Pseudo CHIVA

Nowadays several studies certify the reliability of
the CHIVA strategy for the treatment of CVI: starting
from the first pioneering EBM'*!3, to the Cochrane review
in 2015'"7 and other recently published papers>”’. But
CHIVA needs a learning curve to avoid “bad CHIVA”
procedures due to the lack of correct hemodynamic
evaluation and cartography, as any other strategy or
technique of surgery. CHIVA performed by experts is
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because no more drained. To avoid it, two strategies are
proposed. The first one consists of a two steps procedure.
The first step disconnects the N2>N3 Eps that restores the

GSV antegrade flow® ° but is rarely sustainable because
it leaves behind a high GHP column which causes a redo
N1>N2 reflux due to secondary RP opening. So, in that
case, a second step disconnects later the N1>N2 (SFJ) when
the reflux recurs. The second strategy is preferable when
possible, i.e. when the competent GSV trunk below the
N2>N3 EP is present and not hypoplastic. It consists of the

devalvulation®' of the competent segment of the trunk so
that it allows reflux down to a lower RP perforator. Usually,
this procedure is followed by a transient thrombosis and
then a complete restore of the GSV trunk.

In mixed shunts, the common escape point is not
disconnected but only the distal segment that diverges
towards the CS RP. In Shunts 4 and 5, the disconnection of
the PLPs can be done without any prior pelvic endovenous
procedures in the absence of true Pelvic Compression

symptoms without significant recurrence’.

Crossectomy because preserves the arch tributaries to

prevent cavernomatous recanalization®”. To reduce the risk
of bleeding in an ambulatory operation, a peculiar Triple

Sapheno-Femoral Ligation (TSFL) was proposed®®.

In the case of Short Saphenous vein reflux, the SPJ

disconnection is most of the time performed below the

Giacomini vein junction69'71 and always in case of mixed

shunt; the muscle fascia must be properly sutured with
non-absorbable thread. Light compression + 12 days of
preventive anticoagulation are prescribed.

to the CHIVA prevailing in terms of satisfactory clinical

outcomes. recurrence and complications’>”%. The clinical
relief of the symptoms is followed by a progressive cure
of the signs such as varicose veins complete collapse, skin
damage and ulcers.

better than stripping, but good stripping is better than

bad CHIVA performed by non-experts”>. CHIVA is a
complex approach, and high-level training and experience
are needed to attain the results presented in RCT.
Venous specialists require considerable education and
determination to learn this approach. The best results are
achieved if the same specialist can carry out both the
hemodynamic and cartography phases and the surgical
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procedure. Otherwise, teama composed of a hemodynamic
echo-duplex specialist and a surgeon is required. In this
latter case, the surgeon must attend the fundamental phase
of preoperative cartography to eliminate every possible
mistake during surgery. To conclude, to increase the quality

Conclusion

CHIVA could look reluctant because of its steep
learning curve. Yet, it is easy for those who have learned
the hemodynamic basis and trained beside a mentor. The
satisfaction doesn’t regard only the good clinical outcomes
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