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hronic venous insufficiency has been known as a distinct patho-

logic entity at least since the time of Hippocrates, yet many patho-

logic features of this common ailment remain obscure. A recent

resurgence of investigative effort in chronic venous insufficiency has

occurred, spurred by the development of valve reconstruction surgery.

The advent of newer diagnostic devices and techniques such as duplex

scan and air plethysmography allow for a more detailed examination of

the venous system than was possible previously.

PATHOPHYSIOLOGY

Hemodynamic forces in veins are dis-
tinctly different from arteries; veins
function as collapsible tubes in the nor-
mal physiologic pressure ranges. This is
especially evident during pressure
changes that normally occur with ambu-
lation. In a person standing erect and
motionless with the calf muscles relaxed,
the foot venous pressure is high (about
90 mm Hg) and the calf veins are full
and distended (‘stretching’ regimen).
With emptying of calf veins after ambu-
lation, these veins collapse (‘bending’
regimen), resulting in a reduction of foot
venous pressure. Collapse of the calf
veins is primarily responsible for the foot
venous pressure reduction even though
column segmentation may occur concur-
ren‘dy.1 The volume pressure relationship
in collapsible tubes is nonlinear and asyn-
chronous. This is apparent in volume
pressure curves obtained from a
mechanical model simulating calf venous
pump action (Figure 1).
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It is evident that most of the pressure
reduction occurs during the initial phase
of tube emptying in the stretching regi-
men from a relatively small initial vol-
ume reduction. In the collapsed stage
(‘bending’ regimen), pressure remains
relatively constant when large changes
in volume take place with further ejec-
tion. By setting the mechanical model
for varying degrees of reflux and ejec-
tion fractions, it can be shown that the
tube in the collapsed mode functions as
a buffer, keeping pressure relatively con-
stant despite wide variations in reflux
volume and ejection fraction. The pri-
mary pressure—regulating mechanism is
tube collapse with valve closure having a
secondary role by maintaining and pro-
longing tube collapse. Because of the
nonlinear volume pressure relationship,
a reduction in reflux volume following
valve reconstruction may result in little
change in ambulatory venous pressure,
even though the duration of tube col-
lapse (ie, recovery time) is usually pro-

longed.
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Figure 1: Volume pressure curves derived from a mechanical model of calf venous pump. Note the rapid
reduction of pressure up to about 30% ejection fraction after which the curve flattens out; pressure
remains relatively constant around 30 mm Hg for a wide range of ejection fractions and valve opening
(reflux). (With permission from: Raju S, Fredericks R, Lishman P, Negién P, et al. Observations on the calf
venous pump mechanism: Determinants of postexercise pressure. J Vasc Surg 1993; 17:459-69.)

It is highly likely that changes in
venous wall compliance, such as might
occur in the postthrombotic extremity,
will significantly alter calf venous func-
tion impeding its buffering capacity.
This aspect of venous pathophysiology
remains largely unexplored.

The causal relationship between
ambulatory venous hypertension and
venous stasis ulceration has been con-
sidered nearly axiomatic, yet approxi-
mately 20% of patients with stasis
ulceration have ambulatory venous
pressures considered to be in the ‘nor-
mal’ range.2 Little is known about the
precise relationship between ambulato-
ry venous hypertension and venous sta-
sis changes. Plethysmographic studies
indicate that the superficial and deep
venous system function as a single, inte-
grated, hemodynamic entity and the
traditional separation between the two
might be artificial.” Significant reflux
that occurs in either system may result
in pathologic venous stasis. The role of
perforators and the concept of perfora-
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Figure 2: Methods of venous valve reconstruction: A: Internal valvuloplasty. B: External valvuloplasty. C: Angioscopic valvuloplasty. D: Prosthetic sleeve in situ.

E: Kistner segment transfer. F: Axillary vein valve transfer.
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tor incompetence as a major factor
inducing venous stasis changes are
undergoing reevaluation; duplex and
contrast studies indicate that a bi-direc-
tional to-and-fro flow is normally pre-
sent in perforators,* and prominent
reverse flow is invariably the result of
popliteal or tibial valve incompetence.S

Chronic venous insufficiency may
result from obstruction, reflux, or a
combination of these factors. Reflux may
arise from a variety of congenital abnor-
malities involving aplasia or dysplasia of
the venous valve and conduit. ‘Primary’
valve reflux, believed to be non-throm-
botic in origin, is one of the major etio-
logic mechanisms in chronic venous
insufficiency and accounts for about 30%
of reflux cases encountered in modern
hospital practice. The remainder result
from postthrombotic syndrome.

An overwhelming proportion of cases
exhibiting obstruction or a combination
of obstruction and reflux is also the result
of previous venous thrombosis. Obstruction
is occasionally produced by non-throm-
botic causes such as tumor, bands, or
compression by the adjacent artery (eg,
the left iliac vein compression by the right
common iliac artery). Sequential duplex
examination of extremities affected by
deep venous thrombosis has documented
the rapid resolution of thrombosed
venous segments.®

Clot resolution/retraction occurs in
80% to 90% of thrombosed venous seg-
ments by four months after the initial
onset. Complete resolution is seldom
achieved, however, with partial obstruc-
tion being present in most venous seg-
ments and 14% remaining completely
thrombosed. Collateral development is
often rapid following venous thrombosis
and frequently results in normalized
venous pressures even when recanaliza-
tion is partial or totally absent. When
developed, collaterals appear to persist
even when the initial thrombus is later
completely resolved.”

Collateral reflux frequently accom-
panies collateral reflux and compounds
the reflux that may occur through the
recanalized axial vein itself. Post-
thrombotic compliance and capacitance
changes in calf veins, resulting in calf
venous pump dysfunction, add to the
aforementioned reflux abnormality in
producing the panoply of symptoms and
signs generally described as postthrom-
botic syndrome. Venous claudication syn-
drome, in which the venous pressure
rises above resting levels with calf exer-
cise, is an extremely rare entity despite
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the attention it has received in the liter-
ature.

The advent of duplex Doppler has
supplanted earlier indirect diagnostic
methods (photoplethysmography, tran-
scutaneous oxygen measurement, etc.)
and invasive diagnostic procedures
(ambulatory venous pressure measure-
ment) as the initial screening choice in
assessing chronic venous insufficiency.
Duplex is, however, largely a qualitative
tool, but recent attempts have been
made to extract quantitative information
with this technique. These efforts
involve measurement of reflux duration
compared to the ejection phase,® or
measuring actual valve closure times
using standardized rapid inflation/defla-
tion pneumatic cuffs applied to the calf
and thigh muscles.” The development of
air plethysmography (APG™, ACI

Medical, Sunnyvale, CA) has facilitated
easy clinical application of the plethys-
mographic technique, providing details
of calf venous pump function and quan-
tification of venous reflux.

Diagnostic techniques applicable to
venous obstruction have lagged behind
those developed for assessment of
reflux. Ascending venography remains
the mainstay of evaluating obstruction in
many centers. Contrast ascending
venography is an anatomic method that
provides little useful physiologic infor-
mation regarding the functional adequa-
cy of recanalization and collateral
development. In fact, ascending venog-
raphy can be misleading in this respect. '

Plethysmographic techniques, such
as measurement of outflow fraction, are
cumbersome and prone to technical
error, difficult to standardize, and may
be affected solely by venous compliance
changes independent of any obstruction
impeding outflow. Measurement of

VENOUS VALVE RECONSTRUCTION

Methods Comments

Internal Valvuloplasty Initial technique of valve reconstruction described by
Kistner.'? Precise and effective. Valve may be approached by
way of a longitudinal, transverse or T-incision. Time-con-
suming. Currently, not applicable to valves in the crural

veins.

External Valvuloplasty Avoids venotomy. Valve attachment lines are brought togeth-
er by external sutures, closing the wide commissural angle.
Rapid. Applicable to valves in small-caliber veins. Durability

is currently under assessment.

Prosthetic Sleeve In Situ ~ May be used when surgical manipulation results in venocon-
striction while restoring valve competency by strip test.
Indirect technique, rapid and applicable to small-caliber
veins. Not recommended when gross reflux is present after
venoconstriction.

Angioscopic Valvuloplasty Uses combined internal/external technique. Minimal venoto-
my. Extent of valve tightening can be accurately assessed
with angioscopic visualization. Function of the repaired valve
can also be better assessed by angioscopic irrigation rather
than the traditional strip test.

Kistner Segment Transfer ~ The superficial femoral vein is divided and anastomosed to
the profunda vein below a competent profunda valve. Not

applicable when the profunda valve is absent or incompetent.

Useful option when the postthrombotic valve is beyond repair.
Forty percent of axillary vein valves are refluxive in situ. Yields
inferior results compared to valvuloplasty because transferred
axillary vein valves frequently dilate (probably from compli-
ance mismatch) and become refluxive. The restrictive pros-
thetic sleeve may aid in preventing such dilatation.

Axillary Vein Valve Transfer

Table 1.
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arm/foot venous pressure differential
combined with monitoring foot/venous
pressure elevation following reactive
hyperemia induction appear to be the
most reliable method currently available
for the diagnosis and grading of venous
obstruction.!! ’

In high—grade venous obstruction
(grade 4 decompensated), expected
foot/venous pressure elevation followin,
a period of ischemic cuff occlusion is
paradoxically absent, apparently because
the reactive hyperemia response is either
muted or absent ent_irely.7 Application of
this diagnostic technique in a large num-
ber of venographic obstructions illus-
trates the variable pattern of functional
adaptation to the presence of axial
venous obstruction. Axial venous
obstruction in the pelvis and abdomen
(ie, iliac veins and vena cava) was fully
compensated by collateral development
in more than half the cases studied.
Thus, the venographic appearance of

axial venous obstruction may belie the
underlying functional adequacy. Five
percent of crural obstructions may be
high grade (grade 4) because of the inad-

equate recanalization/ collateralization.

CLINICAL FEATURES AND INDICATIONS

FOR SURGERY

Pain, swelling, and stasis skin
changes or combinations thereof are
presenting features of chronic venous
insufficiency. Stasis skin changes imply
reflux either in its pure form (‘primary’
reflux) or in combination with obstruc-
tion in postthrombotic syndrome.
Painful swelling without stasis changes
is a feature of severe venous obstruction
even though reflux may also be a
causative factor in producing this symp-
tom combination in some cases.

Recurrent cellulitis and recurrent
venous thrombosis are less commonly
recognized features of chronic venous

N ,ﬁ/ _

Figure 3: Veno-venous bypass for obstruction: A: Veno-atrial bypass routed through the bare area of the
liver. B: llio-iliac bypass through the space of Retzius. C: Adjunctive arteriovenous fistula with limiting
prosthetic sleeve. D: Husni bypass for popliteal vein obstruction. E: Perforator bypass for crural vein
obstruction. Inset in Figure 3E shows orientation of the perforator valves impeding the flow from deep to

the superficial system in symptomatic patients.
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insufficiency and are each present in
about 5% of cases. The mainstay of treat-
ment in chronic venous insufficiency
remains conservative, consisting of com-
pression therapy and support stockings
combined with leg elevation. Failure of
conservative therapy or recurrent com-
plications are indications for surgical
intervention. Socioeconomic factors,
such as age, occupational requirements,
or others, may preclude effective conser-
vative therapy. Surgery may be consid-
ered on a selective basis in such instances.

TREATMENT: REFLUX

Ascending and descending venogra-
phy should be performed before
surgery to obtain the necessary anatom-
ic detail for the surgical approach. The
technique of valve repair by internal
valvuloplasty as initially described by
Kistner'? has since evolved into a num-
ber of technical options, both direct
and indirect, to reconstruct the reflux-
ive valve (Figure 2; Table I). Repair of a
single valve in the axial vein, either in
the femoral area or distally in the
adductor canal, is usually adequate in
primary valve reflux. In postthrombotic
syndrome when significant collateral
reflux is present, multiple valve recon-
struction is recommended to control
reflux both at the inflow and outflow
sites of the collateral.” Ligation of col-
laterals is not recommended because
outflow obstruction may result from
residual lesions present in the axial vein
due to incomplete recanalization. The
presence of residual obstructive lesions
cannot be reliably assessed by ascending
venography.

Valve reconstruction surgery yields
excellent results, with 60% to 80% res-
olution of venous stasis.>!'* These
results appear to be durable, with decay
of only 10% to 20% during the first
three to four years and remaining stable
from then on.

VENOUS OBSTRUCTION

There is increasing awareness that a
venous bypass should not be performed
on the basis of venographic appearance
alone without accompanying functional
tests that confirm the presence of a sig-
nificant gradient across the site of the
obstruction. For iliac and vena cava
obstruction, a large prosthesis (prefer-
ably 14 mm to 17 mm) stented to pre-
vent collapse from higher abdominal
pressure is recommended (Figure 3).



In most instances, the saphenous
vein, as used originally in the Palma
procedure, is inadequate in size to
decompress an obstruction of the iliac
or vena cava level. An adjunctive arteri-
ovenous fistula between the saphenous
vein or tributary and the adjoining
superficial femoral vein increases bypass
flow and maintains graft patency during
the critical early postoperative period.
A prosthetic sleeve of Dacron® or
Gore-Tex®, which limits the fistula to
about 4 mm, diminishes the chance of
distal venous hypertension and assists in
percutaneous closure of the fistula later,
if necessary (Figure 3).

Even though the prosthetic veno-
venous bypass enjoys a surprisingly
good short-term patency up to six
months," information regarding long-
term outlook is scant. Using a preperi-
toneal route through the space of
Retzius (Figure 3), Gruss has reported
excellent long—term patency in veno-
venous bypasses for iliac vein obstruc-
tion.'® Axial venous obstruction in the
femoral vein or crural veins is usually
well-compensated and a bypass is gen-
erally not required. As indicated previ-
ously, high-grade venous obstruction
may be present occasionally, however,
and a bypass may be considered in such
cases (Figure 3). The Husni'” and perfo-
rator bypasses'® use the saphenous vein
in situ for direct anastomosis to the
popliteal or crural veins to bypass
obstruction (Figure 3).
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Despite the high incidence of early
postoperative thrombosis, perforator
bypasses curiously recanalize to yield an
excellent 100% 1ong—term patency rate
with resolution of obstructed symp-
toms. Reported results of the Husni
bypass are also similarly excellent. HIl
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