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EDITORIAL

Ez’s issue of Phlebolymphology will provide you with much information that is not readily
available elsewhere.

Were you aware that an incompetent small saphenous vein with centrifugal reflux is only rarely
associated with a high junction above the popliteal fossa? One has to admit that this fact has
considerable practical consequences with regard to surgery. Do you know why most high
Jjunctions are competent, or sometimes show centripetal reflux? You will find out when you study
the comprehensive article by Denis Creton.

Lam sure that you have already heard about the new catheter techniques utilizing radiofrequency
or various laser probes for the treatment of great or small saphenous vein incompetence. If you
would like an updated review of these topics then read the survey by Michel Perrin, and you
will find out everything you need to know about indications, techniques, and the latest results
with these promising new endovenous procedures.

You are probably already aware of the fact that compression is the most important treatment
modality for the management of patients with venous leg ulcers. But did you also know that
often this remains just mere theory, and that noncomplicance of ulcer patients with wearing
bandages or stockings is a reality. In the article by Nicholas Fassiadis, you will find a review
of the literature on this important practical issue.

Are you interested in lymphological research, with regards to the latest insights into
lymphangiogenesis and lymphatic regeneration? Then I reommend the paper by Prof Seiji Kato,
which presents fascinating data on various newly discovered lymphatic endothelial cell markers.

Enjoy reading!

Dr Hugo Partsch

PHLEBOLYMPHOLOGY 2005;48
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Endovenous treatment of lower-limb
varices by laser and radiofrequency

Michel PERRIN

Vascular Surgery
Chassieu - France
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SUMMARY

Endovenous treatment of varicose veins is an old technique, but new proce-
dures using both radiofrequency and laser have markedly revived interest in it.
In effect, the thermal energy these procedures generate and deliver to the
venous wall results in vein wall fibrotic retraction and its subsequent occlusion.
Details are given on the material and techniques used, including the difficulties,
incidents, and accidents that can be encountered during the procedure.

The indications and contraindications concerning endovenous treatment of
varicose veins are still debatable. Assessment of results remains difficult, parti-
cularly in laser procedures, since the material and technique used is variable
and the techniques nonstandardized. Besides long-term results are not yet
available.

INTRODUCTION

Varicose veins are subcutaneous veins that are permanently dilated, exhibit
vessel wall alterations, and have a diameter greater than 3 mm when the patient
is standing. They are usually tortuous, but the fact that they are a site of reflux
is rarely mentioned.

Endovascular treatment means any therapeutic procedure carried out from the
lumen of the vein that results in occlusion of the diseased vein, without
anatomical excision, excluding sclerotherapy. Until the last few years, endovas-
cular treatment of varicose veins had only seen limited development.

Principle and mode of action of radiofrequency (RF)
and endovenous laser treatment (EVL)

Radiofrequency generates controlled thermal energy that raises the temperature
of the vascular wall. It destroys the intima and causes contraction and thick-
ening of the collagen fibers within the adventitia and especially the media
(Figures la, 1b, Ic).
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Figure 1a. Histopathology of the saphenous vein after Closure.
Coagulation necrosis of the intima and media. Trichrome-light
green stain.

Figure 1b. Histopathology of the saphenous vein after Closure. The
myocytes of the media are stretched and flattened within the necro-
tic area. Trichrome-light green stain.

Figure 1c. Histopathology of the saphenous vein after Closure. The
elastic fibers are fragmented. Orcein.

la
Figure 2. Fibrous transformation of the main body of the great
1b saphenous vein. Doppler sonography checkup 4 years after the
Closure procedure.
CLOSURE™ catheter tips
(bipolar retractable electrodes opened out)
Ic

Figure 3. Tip of the Closure 5 and 8 F catheters.
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The diameter of the vein is thus greatly reduced by
contraction and thickening of collagen fibrils and also by
the spasm induced by the increased temperature. These
phenomena cause secondary fibrous changes, which are
usually gradual, and result in the occlusion of the venous
lumen (Figure 2). Thrombus formation is reduced to a
minimum, since the procedure is performed on a vein
containing no blood, eliminating the risk of recanalization
by thrombolysis.

Radiofrequency produces this controlled thermal effect
through a generator connected to a catheter. The catheters
used have bipolar electrodes that deliver a temperature of
85°C at their tip (Figure 3). This temperature increase is
obtained over a cylindrical zone, 6 to 8 mm long. The diffu-
sion of this heat depends on the distance from the
electrode, the temperature decreasing progressively with
the distance from the point of contact between the catheter
and the vein, falling to values in the region of 43°C at a 4da
distance of 2 mm. This is why the thermal energy is
diffused continuously.

Lasers. Laser treatment uses thermal energy, acting
through three complex and successive stages:

- Conversion of light to heat by optical diffusion, which
varies according to the medium in which the light is
delivered. As Proebstle!? convincingly showed when
studying the effects of the diode laser (810 nm, 940 nm,
and 980 nm), the effect differs according to whether the
light is delivered in normal saline, plasma, or blood. The
laser energy, delivered into the blood with a 600-um fiber
using successive pulses of variable length, creates bubbles
of vapor generated by the hemolyzed blood. Indeed, the
treated vein is not collapsed during this procedure.

Three successive stages have been identified:

- Conversion of laser light into heat by optical diffusion. 4b
The volume heated, which in this case is blood, is termed
the “primary heated volume.”

- Transfer of the heat by conduction into the surrounding
tissues, ie, the venous wall. The bubbles transmit the
thermal energy to the entire circumference of the internal
venous wall, the “secondary heated volume.” The average
temperature measured at the tip of the laser fiber is on
average 729°C.> The thermal effect is diffused weakly in

Figure 4a. Histopathology of the saphenous vein after laser
procedure. Trichrome-light green stain.

Figure 4b. Histopathology of the saphenous vein after laser
procedure. Coagulation necrosis involving the intima. Orcein.
Figure 4c. Histopathology of the saphenous vein after laser
procedure. Localized coagulation necrosis involving the intima.
Trichrome-light green stain.
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Figure 5. Atrophic appearance on Duplex sonography of the treated
vein, 6 months after laser treatment.

blood: its penetration ability in the tissues is 0.3 mm?.

- The 3rd stage is thermochemical. It results in the destruc-
tion of tissue. The appearance on histopathology® (Figures
4a, 4b, 4c) and ultrasound (Figure 5) of the treated vein is
well documented. If applied continuously, the laser can
cause perforation of the venous wall.?

Equipment

Radiofrequency The equipment is currently marketed by a
single company, and is called Closure™

Endovenous laser The equipment is currently marketed by
several companies, providing diode lasers, which have
supplanted the YAG laser.

Technique

1) RF and EVL procedures have a number of points in
common. They are usually performed under local (tumes-
cent in most cases) or locoregional anesthetic, and require:
- either a tiny surgical incision, with limited exposure of
the distal part of the vein to be treated, which can be
accessed using a phlebectomy hook, then opened by
phlebotomy;

- Or percutaneous puncture.

In practice the vein is accessed below the segment to be
treated (usually at the knee for the great saphenous vein)
after localization using Duplex sonography (DS). A straight
or J-shaped metal guidewire or better still a hydrophilic
guidewire is then passed along the vein, and its position is
checked using DS. An introducer is then passed over the
guidewire.

After the procedure, the (Closure) catheter or the fiber-
catheter unit (EVL) is withdrawn from the lumen of the
vein. The cutaneous incision is closed and a compression
bandage or an elastic stocking is put on the treated limb
immediately.

2) Closure™ procedure

The choice of catheter depends on the caliber of the vein to
be treated: 6 F (1.7 mm) is used for veins with a diameter
less than or equal to 8 mm, measured in the supine
position, and 8 F (2.7 mm) for veins of more than 8 mm.
The catheter is connected to the generator and to a
heparinized saline infusion that is maintained throughout
the procedure to prevent thrombus formation inside the
catheter. The catheter is passed along the vein with the
electrodes folded (Figure 6a) as far as the upper segment of
the area to treat. The blood is expelled from the limb by
applying an Esmarch bandage, with additional manual
compression over the tip of the catheter, the patient lying
with the legs higher than the head at an angle of about 20°.
The electrodes are deployed to make contact with the wall
of the vein (Figure 6b). The position of the catheter is then
determined accurately (using ultrasound or fluoroscopy).
It is important that the limb is not moved after this step.
The various parameters are displayed on the screen of the
generator: power (6 watts), temperature (85°C) and the
duration of the procedure (999 s). Before commencing the
procedure, the impedance is measured. The value
displayed should be greater than or equal to 200 ohms,
indicating that there is adequate contact between the
electrodes with the venous wall. The treatment is then
started. The catheter, with its electrodes deployed, is slowly
drawn back from the proximal to the distal end of the area
to be treated (Figures 6c, d) at a speed of 2 to 3 cm/minute

Figures 6 a, b, c, d. Closure procedure.
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and the various parameters are monitored constantly.
The maintenance of a constant temperature (85+3°C)
determines the speed at which the Closure catheter can be
advanced.

As mentioned above, two localization techniques may be
used. The choice is usually made on the basis of the local
availability of these investigations. Radiological techniques
are rarely favored.

Duplex sonography (DS)* is the most commonly used
investigation. Initially, it is used while entering the
catheterized vein and later to monitor the progression of
the catheter and its final position before radiofrequency is
delivered, and finally to check the efficacy of the procedure
after the intervention (absence of flow). The use of DS
requires the presence of an operator who is experienced in
this investigation, but it is faster than radiological mapping
and is easy to repeat.

Figure 7. Laser procedure: the distance between the point where the
fiber was introduced and the upper part of the vein to be treated is
measured and marked on the laser fiber.

3) Laser procedures

Initially, the length of the vein to be treated is marked on
the catheter using a Steri-strip or Steri-stip. It corresponds
to the distance between the point of introduction and the
point corresponding to the upper limit of the vein to be
treated (Figure 7). Similarly, the length of the catheter plus
2 c¢m is marked on the laser fiber. The catheter is then
introduced into the lumen of the vein and moved along
the guidewire using the introducer, which is left in place
after any verification of reflux and rinsing with normal
saline. Its tip must be positioned 4 cm below the upper
limit of the vein to be treated (Figure 8), its position is easily
checked by DS, whereas the laser fiber is difficult to

Figure 8. The tip of the laser fiber is positioned 2 cm below the
saphenofemoral junction. It protrudes from the catheter by 2 cm.

Figure 9. Laser procedure: the laser fiber is easily identified when it
protrudes from the proximal tip of the catheter.

identify. The guidewire is then withdrawn and the laser
fiber connected to the generator in standby position. The
laser fiber is then introduced into the lumen of the catheter
and pushed in until its tip (the sighting beam) is visible,
which happens as soon as it emerges from the catheter as
it is luminescent (Figure 9). The tip of the fiber is therefore
positioned 2 cm below the vein to be treated (Figure 8). The
fiber and the catheter are locked together. If the local
anesthetic that was given at the point of introduction is
used, it is then adminis- tered along the entire course of the
vein to be treated. Tumescent anesthesia is the most
common method. Everyone present in the theater wears
protection glasses. The fiber-catheter unit is then
withdrawn and disconti- nuous laser pulses are fired along
the vein (Figure 10). The various parameters (duration of

PHLEBOLYMPHOLOGY 2005;48:337-346
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Figure 10. Laser procedure: laser pulses are delivered as the fiber is
withdrawn.

the pulses, distance between two pulses, etc) vary
according to the type of laser used. However, certain types
deliver laser energy continuously.

The sighting beam can be seen through the skin, which
means that in most cases the tip of the laser fiber can be
visualized during the procedure as it moves along the vein.
4) Additional procedures: when the treated vein is the
trunk of the great or small saphenous vein a number of
further procedures can be performed.

Saphenofemoral junction ligation. This is no longer performed
in the Closure technique because a study’ showed that the
results were equivalent with or without saphenofemoral
junction ligation. It can be associated with the laser proce-
dure® or not.>™

Phlebectomy or sclerotherapy of collateral vessels. In the Closure
technique, phlebectomy using mini-incisions along the

Procedure No of limbs DVT PE
(GSV or SSV) Number (%) Number (%)

RF

Merchant™ 319 GSV-SSV | 3 (1) 1(0.3)

Kistner™ 300 GSV 2(0.7) 0

Weiss'™ 140 GSV 0 0

EVL

Min® 499 GSV 0 0

Anastasie® 232 GSV 2(0.9) 0
+79 SSV

Proebstle™ 37 SSV 1(2.7) 0

Gerard’ 20 GSV 0 0

Abbreviations: ST = superficial thrombophlebitis; GSV = great saphenous vein;
SSV = small saphenous vein; DVT = deep vein thrombosis; PE = pulmonary embolism

Table 1. Thromboembolic complications (excluding ST) after RF

and EVL.

collateral or tributary veins is usually combined with
treament for venous insufficiency of the main vessel. As a
rule, sclerotherapy is used postoperatively.

In EVL techniques, phlebectomy was performed in one
series with a laser fiber.c In the others, the diseased
collaterals were treated during the same operation by
multiple-incision phlebectomy® or later by sclerotherapy.’

Intraoperative problems, incidents and accidents.
Very few were reported in the various series
analyzed.>¢71o1

Postoperative complications. These are presented in
Tables I, II, and II1.

Contraindications. There are some contraindications to
the Closure technique: presence of thrombus in the vein to
be treated or extreme tortuous vein. A very superficial GSV
is not a contraindication, because the risk of cutaneous
burning can be avoided.

For EVL, the various companies mention no specific
contraindications related to the morphology or diameter of
the vein to be treated.

Therapeutic indications

1) Dependent on the anatomical or topographic localiza-
tion of the varicose veins to be treated.

The GSV is generally treated by surgery, and is usually
limited to the portion situated above the knee due to the
risk of damage to the saphenous nerve in the crural
segment. This same neurological risk means that the SSV
has been treated less frequently using endoluminal proce-
dures, but one series of SSVs was nevertheless treated by
diode laser.'* Where there is no venous insufficiency of the
saphenofemoral junction or the main trunk, the collaterals
of varicose saphenous veins can also be treated using
EVL.”

2) Dependent on the clinical context. In theory they are
identical to those for conventional surgical treatment of
varicose veins.

Results

The results of surgery on varicose veins are difficult to
judge at the clinical level. We will discuss briefly the main
reasons for this.

Depending on the series, treatment of the saphenous
trunk was either supplemented or not supplemented

342
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Complication type
1 week 6 months 1 year 2 years 3 years®™
(n=286) (n=223) (n=232) (n=142) (n=68)
Hematoma 14 (5%) 1(0.4%) 0 0 0
Infection 0 0 0 0 0
Superficial vein thrombosis 6 (2.1%) 1(0.4%) 0 0 0
Dysesthesias 43 (15%) 24 (9.4%) 9 (3.9%) 8 (5.6%) 0
Skin burns 6 (2.1%) 0 0 0 0
Table I1. Complications following Closure.”"”
Author No of Complications expressed in %
limbs
treated
Infect Hem Pain Pain Induration | SVT Dysesthesias | Swelling Pigmentation
(mean requiring of treated (duration (duration (duration
duration | an analgesic | vein (mean in weeks) in weeks) in weeks)
in weeks) | (mean duration
duration in weeks)
in weeks)
Anastasie™ 311 0 2.1 NI NI NI 1.7 NI NI NI
Chang® 252 NI 0.8 NI NI NI 1.6 36.5 (1) 100 (1) 23 (1)
2.8 (24) 0 (24) 0.8 (24)
0(52) 0(52)
Min® 499 0 24 NI NI 90 5 0 NI NI
Proebstle
GSV*® 104 0 45 67 (1) 51 45 (3) 10 NI NI NI
Ssvre 11 0 46 54 (1) 49 (1) 38 (4) 8 11 (6.5) NI 0
Abbreviations: Infect=Infection; Hem=Hematoma; SVT=superficial venous thrombophlebitis, NI=no information
Table I11. Complications after EVL.
No of limbs Absence of reflux
assessed and Signs (%) Symptoms (%) on Duplex US
duplex US results in the vein
Varices Pigmentation Derma | Edema Pain Fatigability (to be treated
No and (%) sclerosis or treated) (%)
Preoperation 95 21.6 6.6 304 83.1 76.2 0
319
Postoperation
1 year:
232
CO 194 (83.6) 5.7 9.3 15 0.5 3.1 1 100
NCO 13 (5.6) 15.4 7.7 0 0 85
Table IV. REC 25 (10.8) 40 16 4 4 12 12 28
Radiofrequency | Postoperation
clinical results $4yzears:
and duplex US.”
CO 121 (85.2) 8.3 7.4 0.8 4.1 3.3 1.7 100
Abbreviations:
CO: complete occlusion, NCO: near NCO 5 (3.5) g : ‘ v 2 2 [
complete occlusion (patent<5 cm), REC 16 (11.3) 46.2 18.8 12.5 12.5 25 18.8 13
REC; recanalization (patent >5 cm)

PHLEBOLYMPHOLOGY 2005;48:337-346
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during the initial procedure by high ligation or/and stab
avulsion of the branches. Whether or not these adjunctive
procedures had influence on the treatment results is not
clear.

Similarly, it is difficult to determine the importance of the
additional procedures performed or not performed during
the follow-up period.

Finally, the result can be judged on the basis of different
criteria: clinical (symptoms, signs, quality of life) or hemo-
dynamic criteria. However, not all of these criteria can be
quantified easily.

Traditionally, the result is assessed in terms of:
The symptoms, which remain a subjective element. To
quantify each symptom, a descriptive term can be
used, generally 3 or 4 adjectives: absent, moderate,
(significant), severe. The same scale may be used for
each symptom.
A visual, analogue pain scale appears, however, to be
more quantitative.
Whatever tool is used, it must be remembered that the
so-called “venous” symptoms do not correlate well
with presence or absence of varicose veins.*
Clinical signs. There are different classifications; the
most commonly used classification is the CEAP?
but it is relatively unsuitable for varicose veins when
there is no skin or subcutaneous change. The European
phlebological file** recently renamed Computerized Venous
Registry is probably a more precise tool. However, if the
esthetic result is considered above all, it has been
shown that this result is assessed differently by the
physician and the patient.?
The venous clinical severity scores incorporating both
signs and symptoms are certainly more suitable for
judging the effectiveness of a treatment.** This score
was validated,” but it seems more suitable for severe
forms of chronic venous disease, ie, chronic venous
insufficiency.?
- Quality of life is measured by generic and specific
questionnaires.?” Quality of life has already been used
to estimate the results of conventional varicose vein
surgery at 2 years.”

All of the comments just made concerning the difficulty
of judging the results clinically are also valid for conven-
tional surgery and sclerotherapy.

The results judged by means of the duplex US investigation,
namely complete obliteration of the vein treated by EVL
or RF appear equivalent percentage-wise, of the order of
90% at 3 years. In Merchant’s series, we note a satisfying
correlation between the clinical result and duplex US

when the result is judged by the physicians, undoubtedly
influenced by their knowledge of duplex US (Table IV).

It must also be noted that in the absence of long-term
results for the endoluminal methods, we do not know
what the future holds, clinically speaking, for patients
with a patent SFJ stump (patient listed near complete
obliteration (NCO) following RF). It is known only that at
2 years, there is no significant difference between the
complete obliteration and NCO groups).'

Finally, we do not currently have at our disposal controlled
studies allowing us to judge mid-term or long-term endo-
luminal surgery versus conventional surgery.

However, indirect comparison is possible using data from
different studies as a reference, in which patients have
benefited from systematic preoperative duplex US. For this
purpose, we have the Rutgers® series, which analyzed at
3 years the results for 69 limbs treated by crossectomy
(high ligation)+ stripping of the trunk+phlebectomy of
the branches. It appears that there is no significant diffe-
rence in terms of clinical results with RF used alone where
the results published provide 3 years of hindsight."”

One point is worth highlighting: the absence of the
phenomena of neovascularization, in particular at the
level of the saphenofemoral and saphenopopliteal junc-
tions following endoluminal surgery. It is known that this
phenomenon, which occurs frequently after conventional
surgery, plays an important role in the incidence of recur-
rence.”””

It is difficult to determine whether not using high ligation
can alone explain the absence of neovascularization. It is
also possible that maintaining the patency of the saphe-
nous termination tributaries plays a favorable role in that
they drain physiologically.***?

CONCLUSIONS

The following conclusions may be drawn after analysis of
the publications on RF and EVL:

Many articles have been written on endovenous laser and
venous ablation using radiofrequency.

Whereas the RF procedure has been standardized, the
protocols for EVL vary because of the diversity of the
equipment used.

The time to resumption of normal activities and the length
of the convalescence period are considerably shorter after
endoluminal procedures. The type and number of compli-
cations associated with these interventions are well
documented. They appear to be transient and mild.

The medium-term clinical results for RF are better

344
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documented than those of EVL. In terms of hemody-

namics, ablation of the treated vein is identified by Duplex
sonography in 90% of cases after 3 years for both proce-

dures.

The absence of controlled long-term studies compared
with sclerotherapy and conventional surgery means that
grade A or B recommendations cannot currently be

formulated for them.
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Saphenopopliteal junctions are
significantly lower when incompetent.
Embryological hypothesis and surgical
implications
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SUMMARY

The aim of this study was to compare the levels of the small saphenous junction
with deep veins in a control group versus a group of patients with insufficient
short saphenous junctions. A comparative meta-analysis of the data from 15 series
shows that the incompetent junctions were significantly lower in the control
group. The comparison with anatomy and embryology shows that the functional
and phylogenetic regression of the small saphenous vein might correspond to its
embryologic regression. This embryologic regression is associated with a progres-
sive descent of the anastomosis in the deep vein. This descent might also induce
poorer competence of the small saphenous junction.

INTRODUCTION

Experience gained from surgical removal of the small saphenous vein (SSV),
and repeated surgery following recurrence of a popliteal varicose vein after
surgery of the SSV has shown us that the junction of the SSV was usually easily
accessible via an incision in the popliteal fossa.'? In contrast, anatomical dissec-
tions of the SSV have revealed a high degree of variability in the level of anasto-
mosis with the popliteal vein.** This variability is not reflected in surgery for
incompetent SSV. This discrepancy led us to speculate that the level of the
junction could be linked with an incompetence of the SSV.

MATERIALS AND METHODS

In a meta-analysis of the various sets of anatomical data in the literature
reporting the frequency of the different levels of the SSV junction, we have
compared a control group with subjects presenting incompetent SSV. The classi-
fication used for this comparison was based on that of Kosinski (Figure 1).> For
our study (Figure 2) we defined type I anastomoses as located either at the
popliteal bend level or between 0 and 7 cm above this bend, type II anastomoses

PHLEBOLYMPHOLOGY 2005;48:347-354

347



PHLEBOLOGY

Denis CRETON

as located more than 7 cm above the popliteal bend, and
type III anastomoses as located below the popliteal bend.
To compare the various classifications reported in the litera-
ture, the data for some groups were reassigned according
to this classification. Apparently healthy saphenopopliteal
junctions were studied in several sets of anatomical dissec-
tions*>” and on the basis of Doppler scans of healthy
patients (Table I).* Incompetent junctions were defined on
the basis of the surgical findings or, in the preoperative
phase, on the basis of the Doppler ultrasound scan or by
venography (Table 1I).”* The distributions were compared
by independent X, tests, with o set to 5%. The degree of
significance, P, for the X, test and the value of the reduced
deviation p (square root of X,) are reported for each
comparison.

Figure 1. Classification used by Kosinski.’

Figure 2. Classification used to compare the data in the various
studies. Height in cm from the popliteal bend (0 located within the
popliteal bend). (Type 1, 11, I1I).

RESULTS

1/ Anatomy of the saphenopopliteal junction in the
subjects in the control group presenting with an
apparently healthy saphenopopliteal junction
(Table 1).>® This has been very well documented by
Kosinski® on the basis of 124 dissections. In this group
(Figure 1), 57.3% of SSV anastomoses were located
between 0 and 5 cm above the popliteal bend (less than
half of them had a considerable postaxial extension which
constituted a Giacomini vein (GSV) when it rejoined the
great saphenous vein. Thirty-three percent of the cases
were high anastomoses, located at least 12 ¢cm above the
popliteal bend. In two out of five cases, there was a single
anastomosis with the femoral vein, in two out of five cases
there was a single anastomosis with the GSV, and in one
out of five cases there was a composite anastomosis. From
the low junctions, ie, those located below the popliteal
bend, 9.7% consisted mainly of direct or indirect junctions
with the GSV below the knee. A junction with the gastroc-
nemius veins was seen only occasionally. Cibor” found
very similar percentages following cadaver dissections. On
the basis of ultrasound scans of healthy subjects, Engel®
reported virtually the same percentages, with 52.4% of
junctions located in the popliteal fossa, 46.6% high
junctions, and 1% low junctions. According to Moosman,*
17.5% of SSVs dissected in cadavers had no connection
with the popliteal vein.

2/ Anatomy of the saphenopopliteal junction in
subjects presenting with an incontinent
saphenopopliteal junction (Table II).”" In patients with
varicose veins, studies of the anatomy of the incompetent
saphenopopliteal junction using Doppler ultrasound or
venography, or observed intaoperatively, have shown that
80.1% of the popliteal junctions were located between the
popliteal bend and a level 7 cm above it. High refluxes,
more than 7 cm above the popliteal bend, were only found
in 13.9% of cases.

3/ Statistical comparisons of the percentages in the
varicose patient group and control subject group.
These percentages are reported in Figure 3, which
compares the junctions located within the popliteal fossa
(type 1), and in Figure 4, which compares the high
junctions (type II) in these groups.

The meta-analysis of these various pooled sets shows that
the mean frequencies of the various locations were signif-
icantly different between the groups with and without
junctional incompetence. The incompetent junctions were
more often located between the popliteal bend and a level
7 cm above than the junctions in the control group (80.1%
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Table L. Method of Height
X n . Type | . Type Il Type lll
Type of saphenopopliteal exploration (in cm)
Junction in the control group | KOSINSKF 1926 124 Anatomical 57% 0-5 33% 9.7%
subjects. These various groups | \ooSMAN® 1964 200 Anatomical | 74.5% ? 17.5% 8%
correspond to SSVs investigated =
by anatomical dissection > CIBOR’ 1968 200 Anatomical 59.5% 2-5 30.5% 10%
or by Doppler ultrasound ENGEL® 1992 104 DUS 52.4% 0-5 46.6% 1%

explorations (DUS) in groups

of healthy subjects.® Type I corresponds to an anastomosis located within the popliteal fossa (0 and 7 cm), type I to an anastomosis located
more than 7 cm above this fossa, type III to an anastomosis located below the popliteal bend. ? = Values not reported by the author.

Method of Height
n exploration Typel (in cm) Rl el
HAEGER’® 1963 35 Surgery 82% 0-5 8.5% 8.5%
DODD™ 1965 444 Surgery 80.8% ? 15.2% 4%
Table I1. GUILLAND" 1987 30 DUS - 90% 0-5 0% 0%
Type of saphenopopliteal Venogr
Jjunction in subjects presenting | LEA THOMAS®™ 1988 145 Venogr 84% 0-7.5 16% 0%
with incompetence of the SSV. g cups 1988 21 DUS 80% 05 19% 0%
The various groups correspond
to incontinent short saphenous VASDEKIS™ 1989 64 Venogr 70% 0-7 30% 0%
veins. Method of exploration: | ENGEL® 1991 62 DUS 78% ? 15.4% 6.6%
DUS = Doppler ultrasound, | GORNY™ 1994 225 Surgery 72% ? 28% 0%
S”rge:yV: pe""”er‘ft"’e ””eZ" LEMASLE” 1995 83 DUS - 57% 0-6 17% 26%
ment, Venogr = Venography. Surgery
Type I corresponds to an " 0 0 .
anastomosis located within | COREOS 1996 528 DUS - 70% ? 18.3% 11.5%
. Venogr
the popliteal fossa (between 0 E
and 7 cm), type o an | SAHARY” 1996 638 DUS 93.7% 0-6 2.2% ?

anastomosis located more

than 7 cm above it, type III to an anastomosis located below the popliteal bend. ? = Values not reported by the author

Figure 3. Comparison of type I junctions in the incompetent

group and in the control group. Pairwise comparison of each of the
4 data sets comprising the control group of type I junctions
(saphenopopliteal junction located within the popliteal fossa) with
the 11 data sets from groups with type I saphenopopliteal junction
incompetence (saphenopopliteal junction located in the popliteal
fossa) shows that the junctions located within the popliteal fossa
were usually incompetent (P<0.05).

Figure 4. Comparison of type II junctions in the incompetent

group and in the control group. The pairwise comparison of each of
the 4 data sets for the type II control group (high saphenopopliteal
Jjunction) with the 11 data sets of the type II saphenopopliteal
Junction incompetence group shows that the high junctions were
usually competent (P<0.05).
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versus 62.6%, P<0.05). The junctions in the control group
were more often located more than 7 cm above the
popliteal bend than those in the incontinent junction
group (29.5% versus 13.8%, P<0.05). This difference
in frequency found by the meta-analysis of the type I
and type II groups was significant (P<0.05) (Table III),
L (reduced deviation) = 1.978, P<0.05 for the comparison of
the type I groups, and u = 1.997, P<0.05 for the comparison
of the type II groups.

DISCUSSION

With regard to the junctions located in the popliteal fossa
(Figure 3), only the percentages reported by Vasdekis™* and
Lemasle'” and, to a lesser extent, those reported by
Sugrue showed no highly significant difference from the
control group (P>0.01, or not significant). With regard to
the high junctions (Figure 4), only the percentages reported
by Vasdekis and Sugrue"” showed no highly significant
difference from the control group (P>0.01 or not signifi-
cant). The data sets reported by Vasdekis' and Sugrue' in
fact correspond to only 85 out of 2275 cases (3.7%), and
their findings probably reflect recruitment bias. The data of
Kosinski,” Moosman,® and Cibor,” based on cadaver dissec-
tions, do not specify what percentage (if any) of the
cadavers displayed incontinence of the SSV. In fact it is
unlikely that the frequency of SSV incompetence (10% to
12% of the population with varicose veins) could affect the
degree of significance, P, which is often less than 0.01 for
pairwise comparisons of data sets. In contrast, the differ-
ences in the percentages reported for the two groups by

Saphenopopliteal Incontinent
junction saphenopopliteal
(control group) junction
n=628°* n=2275°%
Type |
. 62.6% (o) 80.1% (0)
Popliteal fossa
Type ll
L 29.5% (V) 13.8% (¥)
High junction
Type Il 6.5% ()
el 7.8% (0) ?
Low junction (n=1637)

Table I1I. Comparison of the height of the junction in incompetent
and competent SSV.

The meta-analysis of the group (o) and (V) has demonstrated a
significant difference in the type-I and type II junctions (P<0.05).
The difference was not significant for the comparison of groups (¢)
with a type III junction. The type III, incompetent saphenopopliteal
Junction group included a different number of subjects, because one
study” was incomplete.

Engel®*” (normal SSV and incontinent SSV) and obtained
using the same methodology are highly significant
(P<0.01). A previous anatomical study of 41 incontinent
saphenopopliteal junctions following surgery' gave similar
percentages. Although the determinations of the height
above or below the popliteal fossa were not exactly the
same, 78% of the junctions were located at the level of the
popliteal fossa, versus only 12% located higher up. These
figures match those of Van der Stricht, who found only 29
junctions at the level of the popliteal fossa out of 60 dissec-
tions of unselected cadavers.*

The notion that the lower the saphenopopliteal junction,
the greater the risk of incompetence, could be explicable in
terms of the embryology of the popliteal vein system.

1/ Embryology of the popliteal vein

In general, during the embryological development superfi-
cial veins appear prior to deep veins with a thicker histo-
logical texture. Similarly, the SSV appears before the great
saphenous vein, also with a thicker histological texture.
Initially, the venous return system is superficially located
on the limb bud and only later is transferred to a deeper
level. Finally, the residual superficial system is used for
superficial cutaneous draining and thermoregulation.

In a 6-week-old embryo, the first collector networks can be
clearly observed. The first venous network is superficial. It
goes from the extremity to the root bud where the first
anastomosis will be created with the deep venous pelvic
system, and later the inferior vena cava. Later on, the
preaxial superficial venous network will appear and form
a secondary circulatory system.

In a 9-week-old embryo, deep veins appear in the form of
an endothelialized vascular lacuna surrounding the
arteries. These three networks— superficial primary
postaxial, superficial secondary preaxial, and deep ones—
prefigure globally and respectively the SSV, the long saphe-
nous vein and femoral vein and the deep popliteal and
femoral veins.

With time, anastomosis will occur between the superficial
pre- and postaxial and the deep axial networks to facilitate
blood draining at the limb root thanks to the deep
network. Progressively, flow will be transferred from the
limb extremity to its root, a transfer from the postaxial to
the preaxial network that will finally ensure the main
venous communication between the limb and the pelvis.?'2
In a 10-mm embryo, draining occurs via the postaxial
system. The SSV is prolonged by the postaxial vein that
drains into the pelvis through the ischiatic vein.”

With ingrowths of the femoral vein, the axial vein
normally involutes. It corresponds to limb elongation and
to medial rotation of the anterior side of the limb. The
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anterior preaxial system becomes medial on the lower part
of the limb.

In a 15-mm embryo, a secondary path appears to the detri-
ment of the preaxial system. The superficial and deep
femoral veins meet the long saphenous vein and flow into
the iliac vein.

In a 20-mm embryo, with pelvic rotation and lower limb
elongation, the draining system moves forward, from the
ischiatic postaxial system to the iliac vein preaxial system.
In a 25-mm embryo, numerous anastomoses can be
observed. Flow transfer is organized to the fore between
the postaxial and axial systems and the axial and preaxial
system.

In a 35-mm embryo, after the thigh has extended from the
trunk, the SSV individualizes and loses its connections with
the ischiatic system to flow into the great saphenous vein.
The final stage will only be achieved in the 50-mm
embryo. The SSV connection with the deep vein moves
progressively downward during the embryologic and fetal
period.

Three nerves control vessel development:

1- The axial nerve or sciatic nerve that gives the tibial and
common fibular nerves at knee level. It is followed by the
axial venous plexus.

2- The preaxial or femoral nerve that gives a sensory
branch called the saphenous nerve. It is followed by the
preaxial venous plexus.

3- The postaxial or small sciatic nerve that is more particu-
larly represented by its sensory branch: the posterior
cutaneous nerve. It comes down along the posterior aspect
of the lower limb. The postaxial venous plexus follows the
posterior cutaneous nerve down to the calf tip.
Anastomosis between these different plexuses yields the
final venous system.*

A/ The first anastomosis is ventral. It establishes a connec-
tion between the axial plexus below knee level with the
preaxial plexus above knee level. This anastomosis gener-
ates the popliteal vein that drains all the deep leg axes to
the thigh axial plexus.

B/ The second anastomosis is dorsal. It establishes a
connection between the postaxial plexus and the axial
plexus, at knee level. It is facilitated by the joining of the
plexuses derived from knee bending. This anastomosis
ensures all or part of the postaxial plexus superficial blood
draining of the leg towards the thigh axial plexus, and
becomes the saphenopopliteal junction.

1/ A complete anastomosis will give a SSV junction of
terminal type that connects with the popliteal vein at the
popliteal fossa level (50%). The upper postaxial extension,

a satellite of the posterior femoral cutaneous nerve, will
not grow. In this case, it is possible to say that the typical
saphenopopliteal junction development as a cross is a
“chance mishap” on the long postaxial axis of the embryo.
The lack of conductor nerves along this cross may explain
its extreme variability.?>*

2/ A partial anastomosis will give, on the one hand, after
the branching of the short saphenous trunk, a deep
anterior collateral which, with a normal cross, connects
with the popliteal vein at the popliteal fossa level. On the
other hand, it also gives a more superficial trunk that
follows the posterior femoral cutaneous nerve on the fascia
deep side. This postaxial extension is called the Hyrtl vein
or Stolic vein. When it perforates the fascia at the upper
level thigh part, crosses the medial thigh part to join the
long saphenous vein at the femoral triangle level, it is
called the Giacomini vein. It then creates an anastomosis
between the postaxial leg plexus and the upper level thigh
preaxial plexus. At the branching level, a deeper ascending
collateral can appear; in this case the axial extension that
follows the back of the sciatic nerve to join the axial trunk
(sciatic nerve vein) constitutes another axiopostaxial
anastomosis (Figure 5).%

Figure 5. The SSV and its venous extensions.

3/ The lack of anastomosis entails a SSV without a
junction. In this case, the trunk extends into a canal filled
with the postaxial extension (Figure 6).>

Embryology can explain the great diversity of types and
heights of the saphenopopliteal junction.’* The classically
described modal junction only represents roughly 50% of
cases. It then comes with a diameter of about 5 mm, is
straight and 3 to 5 cm long, slightly bent forwards,
ascending with a thick white multivalved wall (two to
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Figure 6. Different types of saphenopopliteal junction. 1: reqular
Jjunction. 2: saphenopopliteal junction with axial and postaxial
extensions. 3: small saphenous vein without a junction.

three valves). This SSV directly joins the popliteal vein
some centimetres above the condyles, on the posterior side
of the popliteal vein. The other endings reflect the major
embryologic stages. The SSV often splits into three
branches at the popliteal fossa: the postaxial extension
upwards, subfascial, touching the posterior femoral
cutaneous nerve; the axial extension at the rear of the
tibial nerve and touching it; and the real saphenopopliteal
junction that is a residue of the axiopostaxial anastomosis
of the embryo. By this definition, postaxial extension
characterized by the following features: a diameter
exceeding 2 c¢m, a straight course, vertical, in the limb
posterior axis, completely subfascial, accompanying the
posterior femoral cutaneous nerve, in direct continuity
with the SSV trunk and anatomically with valves oriented
to allow centripetal reflux.

2/ Phylogenesis and ontogenesis

In phylogenesis and ontogenesis, superficial veins appear
prior to the deep veins. Important differences can be
observed between the evolution, the anatomy, the struc-
ture and the function of both superficial and deep veins
and also between the great and short saphenous veins.***
In mammals, the latter develop differently and can vary
within the same group. From an embryological point of
view, the SSV, which is a primary vein, comes with a
thicker and better-developed wall and is therefore better
prepared for its superficial vein function than a secondary
vein.** SSV insufficiency only accounts for 15%.

3/ Comparative anatomy of the short saphenous vein
Embryologic downward regression of the SSV can also be
found in mammalian phylogenetic evolution. Actually, in
quadrupedal mammals, ungulate and plantigrade animals,

the SSV is the most important hind vein whereas, in apes,
it becomes much smaller and less functional. In big
mammals, the short saphenous vein is generally the
greater collecting vein toward the pelvis.>* It usually
connects at a very high level and frequently in the middle
of very large muscular masses. The lower junction of the
short saphenous vein in the popliteal fossa (a specific
adaptation in large bipedal mammals) may be an adapta-
tion to lower-limb elongation. In big mammals, the great
saphenous vein is regularly connected according to the
same pattern, whereas the short saphenous vein connec-
tion can present several different patterns, each of them
specific to a mammal species and corresponding to each
embryologic stage.”” Therefore, in the different mammal
species, normally and specifically, it is possible to observe
the different kinds of connections in human beings.***’

In quadrupedal mammals, the short saphenous vein is a
very important vein with a usually double connection
situated much higher than the knee-bending level, and is
always embedded into large muscular masses. In pigs, a
triple connection can be observed: in the circumflex
femoral vein, in the gluteal veins and in the codalis
femoralis vein (the equivalent of a deep femoral vein). In
dogs, the short saphenous vein connects to the popliteal
vein to form the femoral vein. In equids, it flows very high
into the posterior thigh side or into the sciatic vein. In
bovids, its two similar branches flow into the deep femoral
vein and into the superficial femoral.

Embryologic and phylogenetic regression of the small
saphenous vein may induce its functional regression.
Actually, short saphenous vein dysfunction or reflux is a
frequent disorder in human beings but has never been
observed in animals. The theory of small saphenous vein
phylogenetic functional regression accompanying the
progressive lowering of its connection into the axial plexus
could explain the relation between the small saphenous
vein caliber and the height of its connection in the
popliteal vein. According to Gillot,” the higher the small
saphenous vein popliteal connection, the greater its
caliber.

The SSV is a particular superficial vein.** Unlike the great
saphenous vein, the SSV is the oldest vein. It is a primary
vein with a primary pattern (and has never been accom-
panied by an artery during embryologic development). It is
the most important vein in mammals with a stronger and
thicker wall than the GSV and is better prepared for its
superficial vein function.

4/ Surgical implications

Incompetent saphenopopliteal junctions are in fact usually
easily accessible during surgery. Out of 41 operated
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junctions, 78% were located within the popliteal fossa.! It
is unusual to have to operate on incompetent junctions
located far above the popliteal fossa. When these high
refluxes are associated with varices, they are often linked

Figure 7. Systolic reflux at the saphenopopliteal junction. If the flow
through the saphenopopliteal junction or through a proximal
extension occurs in the same direction during both compression and
decompression of the calf muscles, this indicates the presence of a
physiological shunt. A very high junction of the small saphenous
vein or of an axial or postaxial extension of this vein corresponds to
the upper anastomosis of a deep vein-vein shunt.

to pelvic vein insufficiency that follows the trajectory of
the axial venous system. These are indeed high refluxes,
but they are not directly transmitted by the short saphe-
nous vein. They are not directly accessible for local surgery.
When a very high junction does present with a reflux, this
reflux is often centripetal and so it flows in the same direc-
tion during both compression and decompression
movements of the calf muscles (Figure 7). This is in fact a
venovenous shunt running alongside the path of the deep
vein in the thigh. Varices of the popliteal fossa are usually
collaterals of this second pathway. Surgery is not, of
course, appropriate for a pathway displaying a systolic
reflux with a very high junction.

With regard to popliteal recurrences after surgery of the
short saphenous vein, the long stumps responsible for
recurrences? are also very often located within the
popliteal fossa. Long stumps that have been inadequately
resected because they were inaccessible will probably not
give rise to a recurrence, when they were not incompetent
at the time of the first operation.
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SUMMARY

Lower-limb venous ulceration is a common affliction, affecting particularly the
elderly population, which significantly reduces quality of life. Compression
treatment, in the form of hosiery, bandaging, or intermittent pneumatic
compression devices (IPC) is regarded as standard in the management of venous
leg ulceration (VLU). This article reviews the literature on patient compliance
with such compression modalities, a factor often not paid much attention to
clinical practice.

INTRODUCTION

Chronic lower-limb ulceration affects approximately 1% of the population.'?
The majority of these ulcers are of venous etiology® but a variety of other causes
have been identified which might coexist.** The prevalence increases to more
than 2% in those aged over 80 years® with demographic studies suggesting a
significant increase over the next 85 years.” VLU is a considerable source of
morbidity reducing patients’ quality of life® and is estimated to cost the UK
National Health System £300 to £600 million per year.’

The majority of VLUs are managed in the community and district nurses spend
up to half of their time treating VLUS? because leg ulceration is characterized by
a cyclical pattern of healing and recurrence'® with recurrence rates ranging
between 45% and 70% >'"'? Therefore, community leg ulcer clinics have been
established in order to deliver specialized treatment in the form of weekly appli-
cation of high compression bandaging, which improves the healing rate.">™
Healed ulcer groups have also been suggested in the past, once healing of the
ulcer has been achieved, mainly to educate patients, thus increasing their
compliance with compression hosiery and in turn reducing the incidence of
ulcer recurrence.'*'s

PATIENTS' COMPLIANCE WITH COMPRESSION TREATMENT

Inelastic bandages

The goals of treating VLUs include counteracting the effects of venous hyper-
tension and reduction of edema in order to heal and prevent ulcer recurrence.
Edema is a significant problem, and the simplest way to reduce this is bedrest
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combined with leg elevation.!”** Regular daily elevation
above the heart level has been shown to improve swelling
and venous microcirculation’ but this might be difficult for
patients suffering from arthritis or heart failure.
Compression therapy is the oldest form of effective treat-
ment for VLUs, as described by Hippocrates.*® The most
effective method of compression remains an issue of
controversy, but in general there are three forms of
compression applied in clinical practice: inelastic, elastic,
and intermittent pneumatic compression (IPC).

Two main prototypes of inelastic bandages are available: a
short-stretch bandage (eg, Comprilan, Beiersdorf) which is
favored in mainland Europe, and the traditional Unna
boot, a moist zinc oxide-impregnated paste bandage used
mainly in the USA.*' Such rigid bandages apply low resting
but high working (walking) pressures, and require a
patient who is not only mobile but also available; in partic-
ular the Unna boot requires frequent application because
of its limited absorptive capacity for highly exudative
wounds, which leads to a foul smell and might affect
patients” compliance with such bandages.*

Elastic hosiery

Elastic compression therapy can be subdivided into
compression hosiery and bandaging. Compression stock-
ings utilize locally graduated pressure on the calf muscle
and have been effective not only in treating®* but also in
preventing recurrence of venous ulcers.”” Compression
hosiery can be divided into three classes (British standard,
I: 14-17 mm Hg, II: 18-24 mm Hg, III: 25-35 mm Hg at
ankle), each class utilizing different pressure gradients
with their own recommended indications for their use.
A common problem related to compression hosiery
is patient compliance and adherence to treatment proto-
cols.*?” Patients” compliance to treatment with stockings
can be affected by skin allergies (Elastane, Nylon, or Lycra
contained within hosiery), cosmetic considerations,
ill-fitting stockings causing pressure necrosis, patients’ age-
related dexterity, or any other disability which might cause
difficulty in applying the stockings.**2° All of the above
potential problems can be rectified, eg, patch tests can be
performed to identify allergies® and if positive the use of a
cotton lining under the stockings can overcome this
problem. Accurate measurement of the calf is important to
ensure that the type of compression hosiery chosen fits
well and various aids are available from manufacturers
which help patients with the application of stockings but
occasionally assistance from a relative or carer needs to be
organized.*

Furthermore, pain caused by venous ulcers can be severe

and needs to be addressed appropriately, which in turn
can improve patients’ compliance with compression
stockings.* Patients require two pairs (one to wear and one
to wash) and a new pair is needed in approximately
4 to 6 months as they wear out' which means that costs
have to be kept low by companies in order not to deter
patients from buying them.

Awareness of all the above factors which can influence
compliance will contribute to a successful treatment of
VLUs, and in some cases it should be remembered that a
lower level of compression is better than none.*

Compression bandaging

There are a variety of bandages available and they can be
divided into multilayer or single-layer bandage systems.*
The Charing Cross four-layer bandage which is widely
used in the UK achieves venous ulcer healing rates of 69%
at 12 weeks.” These multilayer bandages are designed
to apply 40 mm Hg pressure at the ankle graduating to
17 mm Hg at the knee sustainable for a week.?! Multilayer
systems might be more expensive than single-layer
bandages, but in the long run they work out cheaper as
they achieve higher and faster healing rates.'°?' Patients
find the four-layer system comfortable and the once-
weekly changing regimen less disruptive to their lives than
other systems.*”* Nevertheless, on occasions it is required
to change the bandage two or three times a week because
of the excessive exudates, and address patients” discomfort
with adequate analgesia.”> The main disadvantage of the
four-layer compression system is that a certain expertise is
needed, with most nurses having to complete a course on
management of leg ulcers [ENB N18] with additional
training days to practise adequate application.” Nurses
who specifically promote the delivery of four-layer high
compression treatment achieve higher healing rates
compared with results obtained by community nurses.*
Long-term continuation of compression in form of hosiery
following healing of VLUs is the most effective preventive
method for recurrence® and patients” compliance has been
a concern.”” Previous studies demonstrated that adher-
ence to compression therapy reduces the recurrence
rates.*"

Compliance in general with treatment has already been
identified as a problem; eg, 50% to 60% of patients are not
compliant with taking their medication* and it has been
shown that the noncompliance rate increases in particular
with long-term treatment where the aim is preventive.”
Patients” nonadherence with compression hosiery is a
complex issue, as it is difficult to measure* and affected by
multiple factors as mentioned earlier.
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Intermittent pneumatic compression devices (IPC)

IPC is a compression pump device designed to squeeze the
leg intermittently, thus reducing venous stasis by
promoting venous blood flow* and increasing systemic
fibrinolytic activity.* This pump system has been demons-
trated in earlier studies to aid venous ulcer treatment in
combination with bandages, but unfortunately all these
studies are characterized by small numbers.*#4 These
trials confirmed that patients” compliance was good, with
compression regimens varying from hourly sessions
weekly to 4 hours per day within a home setting. IPC
might have a role to play in patients with reduced mobility
and difficult-to-heal ulcers.”

CONCLUSION

Venous ulceration can be the result of isolated superficial
venous incompetence, but most studies have demons-
trated that deep venous reflux alone or in conjunction
with superficial insufficiency are the main causes of
VLU.**? Superficial venous surgery is regarded as contro-
versial in the presence of deep venous reflux** but is
indicated in patients with isolated superficial venous
incompetence.”Conservative management in form of

compression treatment will therefore remain the corner-
stone for VLUs, and compliance of patients with such
modalities to achieve healing or avoid recurrence will
remain a major concern to doctors and nurses treating
patients with lower-limb venous ulcers. Compliance is a
complex issue based on patient’s attitude, their motivation
and ownership of the problem* which requires education,
supervision, and support so that patients become respon-
sible for their own care, thus in turn increasing adherence
to compression therapy.
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INTRODUCTION

According to the literature,' chronic venous disease (CVD) includes patients
who present with so-called symptoms and/or signs of venous disease which
characterize each class of chronic venous disease in the CEAP (Clinical,
Etiological, Anatomical, and Pathophysioloical) classification,* from class CO
to class C6. The symptoms traditionally ascribed to chronic venous disease
include aching, heaviness, a feeling of swelling, cramps, itching, tingling, and
restless legs. These symptoms are nonspecific, and the relationship between
symptoms and particular signs or stages of chronic venous disease
according to the severity is controversial. In the Edinburgh Vein Study,’ the
occurrence of symptoms and the presence of trunk varices® or venous reflux
assessed by duplex ultrasonography* was very weak, whereas in the recent
study by Labropoulos,” symptoms increased with the severity of chronic venous

disease.

Despite the fact that symptoms are common in the general population (espe-
cially in women),’ little has been written on their prevalence and pathogenesis,
the influence they may have on the quality of life, on the way to assess them,

as well as on their management in practice.

PREVALENCE OF CHRONIC VENOUS DISEASE-

RELATED SYMPTOMS

The grading of chronic venous disease has been facilitated and standardized by
the introduction of the CEAP classification system, in 19952 Among epidemio-
logical surveys that have been performed since then, at least six have used the
CEAP classification,*!" making comparison between studies much easier. Unfor-
tunately, little is still known about the prevalence of symptoms in chronic
venous disease, despite the introduction of the notion of symptoms in the CEAP
classification. The percentage of symptomatic patients with chronic venous
disease varied between 25% and 84%, depending on the population studied,

the severity of the disease, and the mean age of patients (Table I).

The French team of Carpentier found that symptoms increased with the CEAP
classes. In this study, patients with symptoms went from 25% in CO to 84.6%
in C3, 82.2% in C4, and 77.5% in C5-6." In the same way, Labropoulos’ found
a direct relationship between the amount of inflammatory mediators and the

severity of the disease.
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Rabe® Jawien’ Labropoulos® Eklof ° Scuderi™ Carpentier
Type General Cross-sectional Cross-sectional Straub clinic General Group
of population populations study of primary | study in Hawaii ambulatory of specialists
of Bonn care center Maywood (USA) | (conservative population of (International)
patients in Poland patients) the University
(conservative Hospital
patients) Sao Paulo
Date of October 2000 2000 - - March 1998 -
recruitment March 2002 Dec 2000
Mode of Examination Questionnaire - - Examination Filling in of a
recruitment by physicians Questionnaire computerized file
and examination
Use of the CEAP Yes Yes Yes Yes Yes Yes
classification
Respondents (N) 3072 40 095 1000 limbs 166 limbs 2104 872
% in Cy-C4 Cos =9.6 Co=51.1 C=13 G ? Cos =39 Co, right L=11.0
Cy;=59.0 C=16.5 C; =59 =19 Ci+;C,=49.6 Co leftL=11.8
symptoms = Symptoms = Symptoms C,, right L =20.9
48.4 70-80% (all patients) Cy, leftL=224
(all patients) (all patients) 58.7 % symptoms
Cy=25
C; =533
CZ = 675
C3:84.6
C; =822
Cs-Cg=77.5

* Leg problems included: “pain in legs” and “presence of varicosities of the legs”.

Table 1. Summary of epidemiological survey using the CEAP classification (adapted from refs 6-11).

PATHOPHYSIOGENESIS OF CHRONIC
VENOUS DISEASE-RELATED SYMPTOMS

Two major mechanisms may be responsible for pain in the
absence of trophic changes:

- first, venous wall tension which results from dilatation of
the vein in a normal subject in a standing position and
valvular incompetence during dynamic movement in a
standing position in a subject with valvular insufficiency;

- second, hypoxia of the tunica media of the venous wall
due to alteration of the vasa vasorum. Pain seems more
related to hypoxia; indeed, in the early stages of chronic
venous disease, superficial venous distensibility is slight,
while pain is more severe than in the advanced stages
of chronic venous disease where venous pressure is
elevated and therefore high venous wall pressure exists.'
However, the venous remodeling phase that precedes the
development of varicose veins, which is accompanied by
the process of venous distension, hemorheological distur-
bances, and conditions of hypoxia, can be painful.

Pain and heaviness in the legs

Two specific targets for phlebotropic drugs exist which aim
to decrease the sensation of heaviness in the legs and pain,

and ankle edema at the end of the day. The first target of
such therapy is increased venous wall pressure: indeed, it
is known that distensibility is increased by 10% to 50% in
patients® with chronic venous disease according to
different studies, and that this is due to a decrease in
venous tone. The second target is hypoxia of the tunica
media related to disease of the vasa vasorum.'

Restless legs, nighttime cramps

These symptoms most often occur during the latter half of
the night, but also can occur during a prolonged seated
position. They can also be related to hypoxia of the tunica
media, but more specifically may be associated with
hemorheological disorders." In fact, red blood cell hyper-
viscosity and hyperaggregation are constant findings in
venous disease.'*" It appears likely that hemorheological
disorders worsen the circulation in the vasa vasorum.
Hypoxia in the tunica media, in turn, induces deterioration
of the venous wall. Indeed, hypoxia has a potent effect in
inducing metabolic disorders: triggering of enzyme acti-
vities, such as those of matrix metolloproteinases (MMP),
and dedifferentiation and migration of smooth muscle cells
which secrete growth factors. Fibrosis of the venous wall
governs the development of the varicose vein. The
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diseased venous wall generates several metabolic disor-
ders, including hypofibrinolysis due to elevated levels of
plasminogen-activating inhibitor (PAI-1). The links
between pathophysiology, symptoms, and clinical signs of
chronic venous disease are summarized in Table I1.

Edema

The process of edema appears to be due to increased capil-
lary permeability related to permanent venous hyperten-
sion,'? whose mechanisms vary: reflux, obstruction.

Two stages should be distinguished in the progression of
capillary disorders, as venous disease becomes progres-
sively worse: first, the existence of a functional disorder
followed by development of a lesional disorder, which
characterizes chronic venous insufficiency.

ASSESSMENT OF CHRONIC VENOUS DISEASE-
RELATED SYMPTOMS

It must be stated that since it is not possible to confirm
whether such symptoms are related to venous disease, it
appears important to try to characterize these symptoms
based on the following secondary criteria:

e Variability with position or physical activity

Symptoms generally occur after prolonged standing, at
the end of the day, and are diminished in the morning,
by supine position, or with the legs elevated.

o Variability with temperature

Symptoms occur or are exacerbated by warmth, the
summertime season, hot baths, hot waxing to remove
body hair, floor-based heating systems, and regress or
are diminished in winter and with cold temperatures.

o Variability with levels of circulating sex hormones

Symptoms fluctuate with the menstrual cycle; they can

occur with hormonal therapy (estrogens or estrogen-

progestin) and regress with discontinuation of such

treatment.
The existence of at least two secondary criteria is necessary
to confirm that symptoms are related to chronic venous
disease, but the absence of such criteria does not rule out
the possible venous-related origin of the symptoms.'e
Pain and heaviness in legs are the symptoms that are
the most often encountered in patients with chronic
venous disease. Symptoms, and in particular, pain, can be
evaluated with self-evaluation rating scales. Three types of
scales have been validated'”:
The visual analog scale most often used in the conventional
format which consists of a 100-mm-long horizontal line.
The patient indicates the level of his or her pain by drawing
a mark on the line (paper format) or by moving a cursor
along this line (mechanical ruler). It has a white back-
ground and has no words other than those at each end.
Numerical scales are also used for evaluation of pain inten-
sity. Several types of numerical scales exist, generally with
numbering of 0 to 10 or 10 to 100. The patient has to assign
a score to his or her pain intensity.
Simple verbal scales also allow evaluation of pain intensity.
They are based on the choice of an adjective to define pain
intensity. A numerical value corresponds to each adjective.
Measurement is limited to 5 or 6 levels. Generally, they are
reserved for persons who have difficulty (limited capacity
for abstraction) in using the previous two types of rating
scales.
These scales are validated but are not specifically adapted
to the chronic venous disease.
Some scales have been used to evaluate patient-reported
symptoms. One has been recently set up for use across the
range of CVD-related symptoms,'* one for varicose veins,’
and one for patient-reported measure of quality of life and
symptoms.' The questions of the VEINES/QoL-Sym

Table 11

Possible links between
pathophysiological variables,

symptoms and signs of
chronic venous disease
(adapted from ref 12).

Pathophysiology Symptom Sign

Leukocyte adhesion in Pain Early valvular reflux

subvalvular areas/areas

of inflammation

Valvular incompetence Reflux

Venous hypertension and Pain Edema

venous wall tension

Venous wall hypoxia Pain

Increased capillary pressure Sensation of heavy legs Edema
and swelling

Hemorheological disorders Nighttime cramps

and platelet hyperaggregability Restless legs
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specifically devoted to symptoms are presented in Table II1.
Presentation of a scale to the patient has to be done in a
relatively standardized manner (for example, always at the
same time of the consultation).

All these scales evaluate pain intensity but do not provide
information on the nature of the pain complaint. They
make it possible to compare intraindividual variations
between groups of patients in evaluation studies or longi-
tudinal observational surveys.

THE BENEFIT OF Daflon 500 mg IN CHRONIC
VENOUS DISEASE-RELATED SYMPTOMS

Evaluation of symptoms associated with CVD and the
expected benefit of therapy with Daflon 500 mg (micro-
nized purified flavonoid fraction, MPFF) is not easy
because many intercurrent factors exist. However,
randomized, controlled studies with a washout period
have been conducted using measurable criteria for evalua-
tion of symptoms in the legs.

Randomized, double-blind, 2 -month studies have evalu-
ated the effectiveness of Daflon 500 mg twice daily in the
treatment of symptoms and signs of the disease compared
with placebo.?* The long-term efficacy of 2 tablets of
Daflon 500 mg daily has been studied in two nonblinded,
multicenter trials of 6- (Reflux Assessment and Quality of
Life Improvement with Micronized Flavonoids [RELIEF]

study)* or 12 -months’ duration.?

The efficacy of Daflon 500 mg was evaluated by the change
in clinical symptoms in the legs, ankle and calf circum-
ferences and/or plethysmographic parameters.

The number and type of clinical symptoms (eg, functional
discomfort, sensation of leg heaviness, leg pain, nocturnal
cramps, sensation of swelling, paresthesia, redness and/or
cyanosis, sensation of heat and/or burning was different in
each study. Patient response was determined by changes in
symptom score on a 4-2°2 or 5-point scale® where
increasing numbers indicated increasing symptom
severity. Pain* was measured on 10-point visual analog
scale in some of the trials. A variety of noninvasive
techniques, which correlate with changes in venous
pressure, have been developed for objectively quantifying
the severity of the disease. These include strain-gauge
plethysmography (eg, venous distensibility at various
venous occlusion pressures and duration of venous
outflow after removal of venous occlusion)* and duplex
ultrasonography (eg, venous reflux time).?

In the RELIEF study, the Chronic Venous Insufficiency
Questionnaire (CIVIQ), the first health-related quality-of-
life scale specific for CVD, to evaluate the effects of MPFF
on health-related quality of life was used.?> CIVIQ is a
20-question self-administered questionnaire with a range
of scores from 0-100 where 100 indicates a very good
health-related quality of life.

1. During the past 4 weeks, how often have you had any of the following leg problems?

(check one box on Every day Several times | Aboutonce | Less than once Never
each line) a week a week a week
1. Heavy legs 1 2 3 4 5
2. Aching legs 1 2 3 4 5
3. Swelling 1 2 3 4 5
4. Night cramps 1 2 3 4 5
5. Heat or burning 1 2 3 4 5
sensation
Table IIL 6. Restless legs 1 2 3 4 5
Questions from 7. Throbbing 1 2 3 4 5
‘;EINES/Q‘);'SW Jorthe | g tching 1 2 3 4 5
eva;.a twn_oflc trgmc ve;zous 9. Tingling sensation 1 2 3 4 5
isease-related symptoms (eg, pins and needles)
(adapted from ref 19).

2. At what time of day is your leg problem most intense (check one)

1. On walking
2. At mid-day
3. At the end of the day

4. During the night
5. At any time of day
6. Never

3. Compared with 1 year ago, how would you rate your leg problem in general now? (check one)

1. Much better now than 1 year ago
2. Somewhat better now that 1 year ago
3. About the same now as 1 year ago

4. Somewhat worse now that 1 year ago
5. Much worse now than 1 year ago
6. I did not have any leg problems last year
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» Comparative trials with placebo

Compared with placebo in two randomized, double-blind,
placebo-controlled trials in 36 or 150 patients treated
with Daflon 500 mg, 2 tablets daily for 2 months signifi-
cantly decreased ankle or calf circumference,***' improved
many symptoms* and improved plethysmographic
parameters.

Mean ankle circumference significantly decreased from
baseline at week 4 and week 8 in patients with symptoms.
Mean calf measurements also decreased significantly from
baseline with MPFF compared with placebo (Table 111);
significant reductions after Daflon 500 mg treatment were
shown in the trial by Gilly et al.”!

P Long-term treatment

Two tablets of Daflon 500 mg daily maintained efficacy
throughout the treatment in the long-term in patients
with symptoms of chronic venous disease in two
nonblinded, multi-center trials of 6> and 12 months’?
duration, respectively. In the RELIEF study (n=4527 inten-
tion-to-treat population), patients receiving 2 tablets of
MPFF daily showed progressive improvement in the
symptoms of chronic venous disease, (Figure 1) which were
paralleled by improvement from more severe (C3 or C4) to
less severe (CO—C2) CEAP clinical classes of chronic venous
disease.?? After 6 months, patients in the per-protocol
population showed significant improvement from baseline
in the study outcome measures (ankle circumference,
pain, leg heaviness, cramps, sensation of swelling;
P<0.012). In the 1-year trial of 2 tablets of Daflon 500 mg

Patients (%)
90

*P<0.0001 vs DO

90 —

80 — 79

71
70 —
60 —
50 —
40 —
30 —
20 | o

10 |

0 \

Heaviness Swelling Cramps

Figurel. Improvement in symptoms related to chronic venous disea-
se with a 6-month Daflon 500 mg treatment (adapted from ref 22).

daily in 170 patients,? a significant reduction from baseline
values in physician-assessed clinical symptoms (functional
discomfort, cramps, and evening edema), ankle and calf
circumference, and patient overall assessment of symptom
severity was demonstrated at each 2-month evaluation
(P<0.001). The rapid reductions observed during the first
2 months of treatment represented approximately 50% of
the total improvement ultimately observed after 1 year of
treatment. Continuing improvement in all parameters,
albeit less rapid, was reported at each time point from
month 2 to month."

Daflon 500 mg: THE REFERENCE TREATMENT
QUOTED IN GUIDELINES

In recent guidelines*?* or extensive reviews?¢ on the treat-
ment of chronic venous disease, the use of phlebotropic
drugs is indicated to treat edema and the chronic venous
disease-related symptoms (eg, edema, fatigue, nocturnal
cramps, and heaviness) in any stage of the disease. In the
more advanced stages of the disease, only Daflon 500 mg
has demonstrated a significant acceleration of ulcer
healing. Thus Daflon 500 mg should be used in advanced
stages of the disease in conjunction with sclerotherapy,
surgery and/or compression therapy, or as an alternative
treatment when surgery is not indicated or is unfeasible, or
when patients are unwilling or unable to use compression
therapy (elastic stockings or compression bandages). These
recommendations were supported by clinical trials of
Daflon 500 mg, which has been extensively evaluated for
use in patients with chronic venous disease.

PHLEBOLYMPHOLOGY 2005;48:359-364

363



REVIEW

Ramelet AA, Kern P, Perrin M, eds.
Les varices et télangiectasies. Paris: Masson;
2003:7-16.

Porter JM, Moneta GL. International
Consensus Committee on chronic venous
disease. Reporting standards in venous
disease: an update. J Vasc Surg.
1995;21:635-645.

Bradbury A, Evans C, Allan P, Ruckley CV,
Fowkes FGR. What are the symptoms of
varicose veins? Edinburgh vein study cross
sectional population survey. BMJ.
1999;318:353-356.

Bradbury A, Evans CJ, Allan P, Lee AJ,
Ruckley CV, Fowkes FGR. The relationship
between lower limb symptoms and
superficial and deep venous reflux on
duplex ultrasonography: the Edinburgh
Vein Study. J Vasc Surg. 2000;32:921-931.

Labropoulos N. Inflammation parallels
severity of chronic venous insufficiency.
Phlebology. 2003;18:78-82.

Pannier-Fischer E Rabe E. Epidemiology of
chronic venous diseases. Hautarzt.
2003;54:1037-1044.

Jawien A, Grzela T, Ochwat A. Prevalence
of chronic venous insufficiency in men and
women in Poland: multicentre cross-
sectional study in 40,095 patients.
Phlebology. 2003;18:110-122.

Labropoulos N. Hemodynamic changes
according to the CEAP classification.
Phlebolymphology. 2003;40:130-136.

Masuda EM, Kisner RL, Eklof B, Yang D.
Practical application of the CEAP
classification. In: Ballard JL, Bergan JJ, eds.
Chronic Venous Insufficiency, Diagnosis and
Treament. London: Springer-Verlag London
Limited; 2000:41-49.

. Scuderi A, Raskin B, Assal FA, Scuderi P,

et al. The incidence of venous disease in
Brazil based on the CEAP classification.
An epidemiological study.

Int Angiol. 2002;21:316-321.

11.

12.

13.

14.

16.

17.

18.

REFERENCES

Carpentier PH, Cornu-Thénard A, Uhl JE
Partsch H, Antignani PL and the European
working group on the clinical
characterisation of venous disorders.
Appraisal of the information content of the
C classes of CEAP clinical classification of
chronic venous disorders: a multicenter
evaluation of 872 patients. J Vasc Surg.
2003;37:827-833.

Boisseau MR. Pharmacologie des
médicaments veinotoniques :

données actuelles sur leur mode d’action et
les cibles thérapeutiques. Angéiologie.
2000;52:71-77.

Clarke GH, Vasdekis SN, Hobbs JT,
Nicolaides AN. Venous wall function in the
pathogenesis of varicose veins. Surgery.
1992;111:402-408.

Boisseau M, Freyburger G, Busquet M, et
al. Hemorheological disturbances in venous
insufficiency after induced stasis.

Clin Hemorheol. 1989;9:161-163.

. Le Devehat C, Boisseau MR, Vimeux M, et

al. Hemorheological factors in the
pathophysiology of venous disease.
Clin Hemorheol. 1989;9:861-870.

Garde C, Perrin M, Chleir E Henriet JP et
al. First meeting of review and consensus
on venoactive agents on the symptoms of
chronic venous disease. (In French).
Phlébologie. 2003;56:103-109.

Agence Nationale d’Accréditation et
d’Evaluation de la Santé. Evaluation et
suivi de la douleur chronique chez I’adulte.
en médecine ambulatoire

www.anaes.fr

Rutherford RB, Padberg FT Jr, Comerota
AJ, Kistner RL, Meissner MH, Moneta GL.
Venous severity scoring: an adjunct to
venous outcome assessment. J Vasc Surg.
2000;31:1307-1312.

19.

20.

2

—

22.

23.

24.

2

w1

26.

Lamping DL, Schroter S, Kurz X, Kahn S,
Abenhaim L. Evaluation of outcomes in
chronic venous disorders of the leg:
development of a scientifically rigorous,
patient-reported measure of symptoms and
quality of life. J Vasc Surg. 2003;37:
410-419.

Chassignolle J-E Amiel M, Lanfranchi G, et
al. Activité thérapeutique de Daflon 500 mg
dans l'insuffisance veineuse fonctionnelle.
J Int Med. 1987;99(Suppl) 32-37.

. Gilly R, Pillion G, Frileux C. Evaluation of

a new venoactive micronized flavonoid
fraction (S 5682) in symptomatic
disturbances of the venolymphatic
circulation of the lower limb: a double-
blind, placebo-controlled study. Phlebology.
1994;9:67-70.

Jantet G. Chronic venous insufficiency:
worldwide results of the RELIEF study.
Reflux assEssment and quaLity of life
improvEment with micronized Flavonoids.
Angiology. 2002;53:245-256.

Guillot B, Guilhou JJ, de Champvallins M,
et al. A long term treatment with a
venotropic drug: results on efficacy and
safety of Daflon 500 mg in chronic venous
insufficiency.Int Angiol.

1989;8(4 Suppl):67-71.

Ttalian College of Phlebology. Guidelines
for the diagnosis and treatment of chronic
venous insufficiency.

Int Angiol. 2001;20(2 Suppl 2):1-37.

. Coleridge Smith PD. The drug treatment of

chronic venous insufficiency and venous
ulceration. In: Gloviczki P, Yao JST, eds.
Handbook of Venous Disorders: Guidelines of the
American Venous Forum. 2nd ed. London:
Arnold; 2001:309-321.

Lyseng-Williamson KA, Perry CM.
Micronised purified flavonoid fraction. A
review of its use in chronic venous
insufficiency, venous ulcers and
haemorrhoids. Drugs. 2003;63:71-100.

364

PHLEBOLYMPHOLOGY 2005;48:359-364




LYMPHOLOGY

Histochemical insight into lymphangio-
genesis and lymphatic regeneration

Seiji KATO

Faculty of Medicine,
Oita University
Oita - Japan

Keywords:
Lymphatics - Lymphoangiogenesis -

Histochemistry - Lymphatic endothelial cells -

Lymphatic regeneration.

SUMMARY

The lymphatic vascular system consists of a network of thin-walled vessels,
and it plays an important role in transportation of extravasated fluid and
macromolecules from tissues back to blood circulation, as well as in many
pathological processes, including tumor metastasis and lymphedema. The
structural organization and fine distribution of lymphatic vessels in the tissues
are very important in the pathophysiology of a variety of microcirculatory
disorders, infectious diseases, and cancer. The lymphatic system develops
through a process known as lymphatic development (lymphangiogenesis).
However, studies of the lymphangiogenesis of the lymphatic system have been
hampered by a lack of lymphatic specific markers. Recently, the molecules that
specifically control lymphangiogenesis and lymphatic regeneration have been
identified.! Thus, the discovery of new lymphatic endothelial cell (LEC)-specific
markers has now provided new insights into the molecular mechanisms that
control lymphatic development and function. We herein review the histoche-
mical insight into the field of lymphangiogenesis, with special emphasis on the
novel and reliable LEC markers, such as 5'-nucleotidase and VEGF-C/VEGFR-3,
as well as on lymphatic regeneration after experimental injury.>

MARKERS OF LYMPHATIC ENDOTHELIAL CELLS

Enzyme histochemistry

5’-nucleotidase (5'-Nase), an important enzyme in the metabolism of
nucleotides, has widely been employed as a marker of cell membranes. 5’-Nase
histochemical staining has proved to be an effective method for differentiating
initial lymphatics from blood capillaries, based on its much higher activity on
lymphatic than on blood vascular endothelium (Figure 1a, 1b).* In addition,
blood endothelia, especially artery and arterial capillaries, have comparatively
strong alkaline phosphatase (ALPase) activity. Thus, two types of vessels have
been distinguished by using 5’-Nase-ALPase double staining (Figure Ic).>¢
Furthermore, dipeptidyl aminopeptidase IV (DAPase) activity is markedly
higher in the endothelium of the venous part of the capillaries and venules
(Figure 1d, le). Thus, a differential staining method using DAPase-ALPase
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double or DAPase-ALPase-5"-Nase triple staining for
venous and arterial capillaries and/or lymphatics is effec-
tive for several tissues, not only in laboratory animals but
also in humans (Figure 1f).”

SEM examination of 5’-Nase-stained tissues on whole-
mount preparations or tissue blocks after cryosection
allows precise analysis of the abluminal aspects and three-
dimensional structure of the lymphatic network.*®
Adequate treatment with NaOH effectively removes
connective tissue matrices from the specimens and enables
clear visualization of the three-dimensional structures of
the immuno-histochemical stained lymphatics in both
secondary emission and backscattered images.'

Immunohistochemistry

5’-Nase mAb (JC815) and ecto-5'-Nase mAb (CD73):
when 5’-Nase antigenicity, rather than its activity, is
considered, 5'-Nase mAb specific for the lymphatic
endothelium, instead of adenosine monophosphate, can
serve immunohistochemically as a useful marker for cell
selection and in vitro cultivation. Our 5’-Nase-mAb,
(JC815) immunoreactivity was distinctly expressed on the
lymphatic vessels of several tissues from mice and rats, in
comparison with 5’-Nase staining controls.! In the
pancreas, JC815 strongly stained the interlobular
lymphatic endothelium and was similar to the 5’-Nase
staining pattern (Figure 2a, 2b). CD31 strongly stained

Figure 1. Light micrographs (a, ¢, d, e, f) and SEM-BEI view (b)
of whole-mount preparations and cryosections stained with
enzyme-histochemical staining. (a) 5’-Nase- positive lymphatics on
a whole-mount preparation of rat skin. (b) The 5’-Nase-positive
lymphatics are strongly highlighted. (c) 5’-Nase-positive lymphatics
(brown) and ALPase-positive blood vessels (blue) on a rat skin
cryosection stained with 5’-Nase-ALPase double staining. Figures
1d, e show a DAPase-positive vein and an ALPase-positive artery
on a whole-mount presentation of the rat cecal wall stained with
DAPase or DAPase-ALPase double staining. (f) Whole-mount pre-
paration of the rat stomach wall stained with DAPase-ALPase-5'-
Nase triple staining. a: x45, b: x200, c: x250, d-f: x 100

arteries (Figure 2 C). Furthermore, in the rat tongue,
immunohistochemical analysis of ecto-5’-Nase (CD73) is
assumed to provide not only reassessment of the validity of
5’-Nase as a lymphatic endothelial marker, but also new
information, including technical benefit (Figure 2d, 2¢). The
5’-Nase activity, CD73 immunoreactivity and hybridiza-
tion signals for its mMRNA were colocalized in the lymphatic
vessels, including central lacteals of the small intestine,
suggesting that 5’-Nase is actually produced in lymphatic
endothelial cells and allocated to their cell membrane as an
enzyme to regulate lymph production and flow."> These
findings support our view that 5’-Nase is potential marker
of lymphatics, and indicates the usefulness of the histo-
chemical methods for 5’-Nase not only for demonstration
of lymphatics, but also for examining the functional roles
and dynamics of 5’-Nase in lymphatic endothelial cells in
physiological and pathological conditions.

Figure 2. Enzyme- and immunohistochemical staining of the
lymphatics and blood vessels of several mouse and rat tissues. (a-c)
Serial sections of the mouse pancreas stained with 5’-Nase-ALPase
(a), JC815 (b), and CD31 (c) staining, respectively. (d, e) Serial
sections of the rat tongue stained with 5’-Nase (d) and CD73 (e)
staining, respectively. (f) VEGFR-3-positive lymphatics. x 160

VEGFR- 3 Flt-4 and its ligand VEGF-C: a highly glyco-
sylated class III cell surface tyrosine-kinase receptor,
VEGFR- 3/Flt-4 was preferentially immunolocalized in the
structures corresponding to the 5’-Nase-positive
lymphatics in the lesion (Figure 2f), and the immunoreac-
tion products were ultrastructurally distributed on the cell
membrane of lymphatic vessels. In contrast, immunos-
taining for VEGF-C demonstrated significant reaction
products in many stromal cells, which predominantly
demonstrated signals for VEGF-C mRNA in in situ
hybridization. Therefore, the combination of 5’-Nase mAb
with other lymphatic endothelial cell markers, and
enzyme histochemistry with immunohistochemistry, may
provide new possibilities for lymphatic investigation.
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LYMPHOSTASIS BY TD BLOCKAGE

The effects of experimentally induced lymphedema have
been studied in the extremities and internal organs of
various animals and the results have been discussed in the
light of the clinical understandings of lymphedema."
After thoracic duct (TD) blockage in rats, the mucosal and
submucosal compartments of the small intestine in
lymphostasis showed tortuous lymphatic networks and
saccular dilations of the lymphatic vessels surrounded by
fibrinoid materials, swollen collagen fibers, and focal
accumulation of mononuclear cells. A tendency for
reduced 5’-Nase activity in the TD endothelial cells became
visible when the lymph flow was obstructed by TD
blockage (Figure 3a)."” During TD blockage-induced
lymphostasis, the 5’-Nase reaction product was almost
undiscernible as a continuous demarcation of the endothe-
lial layer within 2 weeks. Interestingly, the reduced 5’-
Nase activity appeared earlier in the intramural intestinal
lymphatics than in the TD (Figure 3b). Prolonged obstruc-
tion of intestinal lymph flow will progressively aggravate
peripheral lymphostasis and lymphatic incompetence.
The effect of TD blockage on the endothelial cells of the
intestinal lymphatics and TD was temporary, and lasted for
about 6 weeks after ligation. The gradual recovery of the
structure and function of the endothelial cells might be
due to the observation that effective circulation is esta-
blished by the marked regenerative capacity of smaller

Figure 3. TEM views of small intestinal lymphatics in TD blockage
animals. (a) After 2 days of TD blockage, endothelial cells
[frequently represent open intercellular (arrow) and interdigitating
(arrowhead) junctions. (b) After 4 days of TD blockage, 5’-Nase
activity of intramural intestinal lymphatics appears to reduce.
a: x 15 000, b: x2300

lymphatics, rapid development of collateral pathways
around the blockage, and a relatively high rate of lympho-
venous anastomosis formation.'s

LYMPHATIC DEVELOPMENT
(LYMPHANGIOGENESIS)

In early embryonic tissue, endothelial cells of newly
formed lymphatic-like structures usually show extremely
low 5’-Nase activity.'” Interrupted weak or absent staining
of endothelial cells was seen on newly formed lymphatic-
like structures in the early stage, although no 5’-Nase
reaction product was observed in blood vascular endothe-
lial cells. Lymphatic vessels in the rat stomach revealed
increased 5’-Nase activity as the animals grew.'* Thus,
5’-Nase staining appears to be impractical for distin-
guishing developing lymphatics and blood vessels. On the
other hand, in the early developing gastric wall, anti-
VEGFR-3 was expressed in a cluster of circular lymphatic-
like structures, which were gathered into several groups.**
VEGFR-3 makes it possible to identify developing and
regenerating lymphatic vasculature by localizing the
antigen. VEGFR-3 binding to endothelial cells showed
variations in staining intensity in the lymphatic wall and
among samples. Developing endothelial cells of lymphatic
and blood vasculatures react with VEGFR-3 during the
early embryonic stage (Figure 4a), although immature
lymphatic vessels were usually stained with VEGFR-3
staining more intensely than typical lymphatic vessels.
This suggests that lymphatic endothelial cells have similar
molecular physiological features to blood vascular
endothelia, and probably originate from the sprouting
of small venous structures. The staining results for cell
proliferation should be carefully analyzed. This opinion is
not contrary to the observation that lymphangiogenesis
originates from lymphatic vessels.”” The present findings
are in close agreement with the view that VEGFR-3 is

Figure 4. Photomicrographs of fetal monkey gastric cryosection
(a) and an adult mouse skin section (b) treated with VEGFR-3
staining. The VEGFR-3-expressing lymphatic-like structures (L)
are seen in the submucosa (a) and in the subcutaneous tissue (b).
Hf: hair follicle x 100, x 400
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widely expressed to the lymphatic endothelium at later
developmental stages and in postnatal life.?* Many circular
and incomplete lymphatic-like structures expressing
VEGFR-3 show an obvious accumulation, indicating that
lymphangiogenesis occurs sequentially in definite regions
in the early embryonic stage.

LYMPHATIC REGENERATION

Wound healing skin

Wound healing skins in mice were processed for 5’-Nase
and VEGFR-3 histochemical staining to distinguish
lymphatics from blood capillaries and analyze lymphan-
giogenesis.” In the wound skin of the mice 3 to 5 days after
injury, anti-VEGFR-3 immunopositive signals unevenly
appeared in 5’-Nase-positive lymphatic vessels in the
subcutaneous tissue. On days 7 to 15, numerous accumu-
lated vasculatures were stained for 5'-Nase and PECAM-1/
CD31, extending irregularly along the wound edge. Ultra-
structural changes in lymphatic vessels developed at
different stages, from lymphatic-like structures to newly-
formed lymphatic vessels with an extremely thin and
indented wall. The generating signals of VEGFR-3 on
lymphatic endothelial cells appeared as early as 3 days after
injury in the subcutaneous tissue, much earlier than in
the dermis. The expression pattern of VEGFR-3 in regene-
rating tissues was extremely uneven on the lymphatic
wall, indicating that endothelial sprouting might begin
from its up-expressing side. The most noteworthy finding
was that numerous circular and irregular lymphatic-like
structures with VEGFR-3 expression were distributed in
the dermal and subcutaneous tissues along the wound
edge (Figure 4b). According to the maturation of lymphatic
vessels, the lymphatic wall became slender and irregular,
and the endothelium protruded into the lumen and
adjacent connective tissue. Intercellular junctions under-
went morphological changes, from simple end-to-end to
overlapping and interdigitating. The simple junction might
facilitate separation, spreading, and migration of endo-
thelial cells during lymphatic remodeling in compliance
with tissue repair patterns. This finding appeared to be in
good agreement with our previous observations in the
early embryonic tissues of the monkey."®* However, 5'-Nase
activity in the endothelial cells of newly-formed lymphatic
vasculature is low during the wound healing process.

Combined histochemical staining for 5’-Nase and VEGFR-3
with multiple endothelial cell markers is useful for
studying regenerating lymphatics and their relationship
with blood vessels. VEGFR-3-expressing vasculatures

occurred in the dermal-subcutaneous transitional area at
the early stage of wound injury, whereas a 5’-Nase-
positive lymphatic structure along the wound edge under-
went morphological changes. These findings indicated that
sprouting and growth of regenerating lymphatic vessels
are active processes in the healing tissue response.

Regrowing an intestinal muscle coat after
myectomy

The lymphatic regrowth from the surviving vessels in
the severed stumps of the intestine occurred behind the
regeneration of other tissue elements® including blood
vessels. The vascular arcades and terminal expansions,
which were observed in the present lymphatic regene-
ration, are presumed to serve as growth points in
lymphangiogenesis, as in angiogenesis.?> The unusual
ultrastructural characteristics of the regrowing lymphatic
endothelial cells, involving spindle-shaped and elongated
cytoplasm, filopodium-like cytoplasmic projections and
numerous intracellular thin filaments, probably indicate
the high regenerative and migratory potential of the cells
to establish new vascular channels.

Figure 5. Light micrograph (a) and SEM view (b) of regrowing
lymphatics from a postmyectomized week-4 rat jejunum with
5’-Nase staining. MA: myectomized area, St: stump. The broken
line indicates the cut line of the muscle coat. a. Regrowing
lymphatics (arrows) with 5’-Nase activity show thickening and
varicose structures. b. Secondary emission image of regrowing
lymphatics arising from a vascular arcade in the lesion. 5’-Nase-
positive lymphatic endothelial cells are colored yellow. x 800

The enzyme histochemistry for 5’-Nase demonstrated the
manner of lymphatic regrowth, which was established by
vascular sprouting from preexisting lymphatics and struc-
tural changes in the endothelial cells indicating their high
migratory potential (Figures 5 a,b). The expression of
5’-Nase in the regenerating lymphatics was increased in
proportion to their growth. These findings suggest that
5’-Nase may be correlated with the functional maturation
of the regenerating lymphatics, because it is thought to
facilitate membrane transport of lymph.'?
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VEGF-C was expressed in a subpopulation of regenerating
interstitial cells which are close to the regrowing 5’-Nase-
positive lymphatics. Furthermore, the cells with VRGF-C
transcripts showed a marked increase in cell number and
intensity of mRNA signals during progression of tissue
regeneration. These findings imply that VEGF-C is upregu-
lated upon lymphatic regrowth in the repairing intestinal
tissue following myectomy. The VEGFR-3 immunoreac-
tivity was preferentially distributed in the 5’-Nase-positive
regrowing lymphatics in the lesion and restricted on the
cell membranes of lymphatic endothelial cells. Thus, the
VEGFR-3 immunoreactivity demonstrated in this study is
considered to be expressed in the regenerating lymphatics,
although the presence of VEGFR-3 in the blood vascu-
lature has been reported in cutaneous wound healing.”
The expression of 5’-Nase in the regenerating lymphatics
was increased in proportion to their growth, VEGF-C, a
highly specific lymphangiogenic factor, was highly
expressed in a subpopulation of interstitial cells, being
close to the regrowing lymphatics with the immunoreac-
tivity of its receptor, VEGFR-3, in the regenerative area.

Tel/Fax:

The present findings suggest that transaction of the
intestinal muscle coat affords a useful experimental model
for the investigation of lymphatic regeneration in tissue
repair, and that the interstitium may play a crucial role in
lymphangiogenesis.

With regard to adhesion, differentiation, and migration of
endothelial cells, some elements, including 5’-Nase and
eNOS,"” the extracellular matrix of the basement
membrane, and components of the surrounding connec-
tive tissues, are very important factors in the formation of
developing vasculature. More recently, several other
proposed markers for lymphatic endothelial cells, eg,
LYVE-1, a homologue of the CD44 hyaluron receptor,**
podoplanin,**” and Prox 12** have emerged, but there are
still questions about their reliability and specificity, and
they need further study. However, coexpression of these
new markers with so-called routine differentiating
reagents, such as laminin, collagen type IV, and a-smooth
muscle actin, is definitely helpful in analyzing the
functional-structural properties of endothelial cells of both
lymphatic and blood vessels.
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Congress and conference calendar

B SOCIETE FRANCAISE D'ANGEIOLOGIE (SFA)

This congress will be held in Paris (France)
from March 18 to 19, 2005.

e For further information, please contact:
Presidents: M. Vayssairat, J-J. Guex

Fax: +33 1 5504 8217/+33 1 4250 7518

B SOCIETE FRANCAISE DE PHLEBOLOGIE
Phlebology except for the lower limb

This congress will be held in Paris (France)
on March 19, 2005.

E-mail: sfphlebo@club-internet.fr

B AMERICAN COLLEGE OF PHLEBOLOGY
21st SPECIAL REGIONAL SYMPOSIUM

This congress will be held in New Orleans (USA)
on April 2, 2005.

e For further information, please contact:

American College of Phlebology
100 Webster Street, Suite 100
Oakland, Ca 94607-3724, USA

Tel: +1 510 834 6500

B EUROCHAP 2005

This congress will be held in Glasgow (UK)
from April 27 to 29, 2005.

* For further information, please contact:
Congress President: Prof Jill Belch
Organizing secretariat:

Institute of Cardiovascular Research
Ninewells Hospital

Dundee, Scotland, UK

DDI 9SY

Tel: +441 382 632 457
Fax: +441 382 632 333
E-mail: transatlantic@dundee.ac.uk

B lind INTERNATIONAL EDUCATIONAL
COURSE OF CENTRAL EUROPEAN
VASCULAR FORUM (CEVF)
Management of Vascular Diseases

This congress will be held in Padua (Italy)
from May 4 to 7, 2005.

e For further information, please contact:

Congress President:
Prof Giuseppe Maria Andreozzi

Organizing secretariat:

Sistema Congressi
Via Jappelli, 12
35121 Padova, Italy

Tel: +39 049 651 699
Fax: +39 049 651 320

E-mail: CEVF2005@sistemacongressi.com
Website: CEVF2005.sistemacongressi.com
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B XVth CONGRESS OF MEDITERRANEAN
LEAGUE OF ANGIOLOGY AND VASCULAR
SURGERY

This congress will be held in Ajaccio, Corsica
(France) from May 19 to 22, 2005.

e For further information, please contact:
Congress President: Prof Lucien Castellani
Organizing secretariat:

Octopus Communication
7, Rue Alfred Curtel
13010 Marseille, France

Tel: +33 49 17 80 909
Fax: +33 49 17 87 800

E-mail: contact@octopus-communication.fr

B Vith EUROPEAN AMERICAN CONGRESS ON
VENOUS DISEASES
XXXth ANNUAL CONGRESS OF THE CZECH
SOCIETY OF PHLEBOLOGY

This congress will be held in in Prague
(Czech Republic) from May 26 to 28, 2005.

e For further information, please contact:

Congress President: Prof Jaroslav Strejcek,
Prof Mitchel P. Goldman

Organizing secretariat:

Katerina Strejckova
Na Konvarce 6, 150 00 Prague 5

Tel: +420 251 555 899

E-mail: strejckova.k@seznam.cz
Website: www.phlebology.cz
www.cbttravel.cz

W SOCIETY FOR VASCULAR SURGERY

This congress will be held in Chicago (USA)
from June 16 to 19, 2005.

e For further information, please contact:

SVS
633 N. Saint Clair Street
Chicago, 11 60611, USA

Fax: +1 312 202 5007

Website: www.vascularweb.org

B Vith ANNUAL MEETING OF THE EUROPEAN
VENOUS FORUM

This congress will be held in Heraklion,
Crete (Greece) from June 24 to 26, 2005.

* For further information, please contact:
President: Prof Asterios Katsamouris

Vascular Surgery Department
University of Crete Medical School
Heraklion, Crete, Greece

Tel: +30 2810 392 379
Fax: +30 2810 392 379

E-mail: asterios@med.uoc.gr
Website: europeanvenousforum.org

B XLVIith ANNUAL MEETING OF THE
GERMAN SOCIETY OF PHLEBOLOGY

This congress will be held in Cologne (Germany)
from September 14 to 17, 2005.

E-mail: mail@phlebologie2005.de

312

PHLEBOLYMPHOLOGY 2005;48:371-373




NEWS

W XVth WORLD CONGRESS OF THE UNION
INTERNATIONALE DE PHLEBOLOGIE

This congress will be held in Rio de Janeiro
(Brazil) from October 2 to 7, 2005.

e For further information, please contact:
Chairman: Prof Angelo Scuderi

RIO UIP 2005 Secretary

Rua Santa Clara, 494

Sorocaba
18030-421- SP, Brazil

Tel: +55 15 231 6619
Fax: +55 15 221 4074 / 232 9241

E-mail: inspecmoc@dglnet.com.br
angelo.scuderi@flebologiabrasil.com.br
Website: www.flebologiabrasil.com.br

B XIVth CONGRESS OF THE EUROPEAN
ACADEMY OF DERMATOLOGY AND
VENEREOLOGY (EADV)

Skin and sexual health: the challenge
for Europe

This congress will be held in London (UK)

from October 12 to 16, 2005.

e For further information, please contact:

Congress President: Prof Martin Black

EADV Congress Secretariat
4 Fitzroy Square
London WIT 5HQ, UK

Fax: +44 20 7383 0266
E-mail: eadv@bad.org.uk

B XIXth ANNUAL CONGRESS OF THE
AMERICAN COLLEGE OF PHLEBOLOGY

This congress will be held in San Francisco (USA)
from November 10-13, 2005.

e For further information, please contact:
President: Neil S. Sadick

ACP Headquarters
100 Webster Street, Suite 101
Oakland, California 94607-3724, USA

Tel: +1 510 834 6500
Fax: +1 510 832 7300

E-mail: acp@amsinc.org

B XXlind WORLD CONGRESS OF THE
INTERNATIONAL UNION OF ANGIOLOGY

This congress will be held in Lisbon (Portugal)
from June 24 to 28, 2006.

* For further information, please contact:

Congress President:
Prof José Fernandes e Fernandes

Organizing secretariat:

AISC & MGR - AIM Group
Via Adelaide Ristori, 38
00197 Rome, Italy

Tel: +39 06 809681
Fax: +39 06 8088491

E-mail: iua2006@aimgroup.it

W Viith ANNUAL MEETING OF THE EUROPEAN
VENOUS FORUM

This congress will be held in London (UK)
from June 30 to July 2, 2006.

e For further information, please contact:
President: Prof Alun H. Davies

Anne Taft, Executive Secretary
EVE Beaumont Associates

PO Box 172

Greenford, Middx, UB6 9ZN, UK

Tel: +33 44 20 8575 7044
Fax: +33 44 20 8575 7044

E-mail: evenousforum@aol.com
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SERVIER UIP RESEARCH FELLOWSHIP

2005

2007

awarded by the

RESEARCH FUND OF
THE UNION INTERNATIONALE DE PHLEBOLOGIE

$30 000 grant

Submission deadline:

30 April 2005

Next winner awarded at the
UIP World Congress

in Rio de Janeiro

(October 2005)

Invitation to the
2007 UIP Chapter
to present the
project’s results

The Research Fund of the Union Internationale de Phlébologie (UIP) is
proud to announce the fourth Servier Research Fellowship. It will provide
a 30 000 USD grant for 2 years’ work on a research project in the field of
phlebolymphology selected through a highly competitive peer-review
procedure.

The competition is open to young candidates who have a specific interest
in the field of phlebolymphology and are a member of a national society in
this field. The projects must consist of original clinical or basic science
research in an area of phlebolymphology, such as anatomy, physiology,
pathophysiology, diagnostic methods, or clinical research. The fellowship
will be made available from 1 November 2005 and end in October 2007.

The review of the submitted projects and the selection of the best candidate
will be made by a committee of recognized worldwide specialists in the
field of phlebolymphology.

Send us your project at the following address:

Jean-Jérome GUEX, MD
Fonds de Recherche de 'UIP
32, boulevard Dubouchage
06000 Nice, France

The latest research fellowship winner, Dr Maria Gemma PASCUAL
GONZALEZ (Vascular Biology, Spain) was awarded the grant at the 2003
UIP Chapter in San Diego for her project “Elastin dysregulation in varicose
veins.”

Candidates must submit a synopsis of 8 to 10 pages, double-spaced,
typewritten in English, in the form of 5 original printed copies. The synopsis
should clearly present the objectives, methodology, planning, and refer-
ences of the projected work. Candidates must also submit a curriculum
vitae and a letter from a referee supporting the project and confirming its
backup, together with details of how the fellowship money will be spent.
After the first year of work, the award-winner must submit to the committee
a synopsis of progress so far. The project’s results will have
to appear in a form suitable for publication in an international journal.

For further information or subscription online:

——

www.servier.com / www.uip-phlebologyonline.org —= SERVIER





