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Abstract 

According to literature data, up to 59% of
incompetent great saphenous veins (GSV) have
no reflux at the terminal valve (TV) of the
saphenofemoral junction (SFJ). The aim was to
compare color duplex ultrasound (CDU) inves-
tigation and direct intra-operative assessment
of competence of the TV at SFJ. 

A prospective comparative study was per-
formed on 28 patients, who consecutively pre-
sented for surgical intervention for their pri-
mary varicose veins of the lower limbs with GSV
incompetence. CDU assessment was performed
pre-operatively to define GSV and SFJ terminal
valve morphology and hemodynamics. Under
local anesthesia these patients underwent SFJ
disconnection (crossectomy) and segmental
inverted saphenous stripping of the incompe-
tent GSV tract + phlebectomy of the varicose
tributaries. SFJ disconnection was performed in
four stages in an ascending fashion: I) division
of GSV below the lower SFJ tributaries, II) dis-
connection of lower SFJ tributaries, III) discon-
nection of upper tributaries, IV) flush to CFV lig-
ature of GSV stump. After the completion of
stage I, the SFJ stump was opened and kept
open when needed throughout the subsequent
stages, in order to highlight any possible blood
leak through the SFJ stump. To highlight intra-
operative blood leak from SFJ stump visual
observation was carried out both during respi-
ration and when performing Valsalva maneuver
and manual compression of homolateral iliac
fossa. 

As to pre-operative CDU all limbs showed
GSV reflux and they were divided in two groups
according to TV competence (group A) or
incompetence (group B). Group A comprised 18
patients (6 M and 12 F), mean age 50.6 years.

Group B included 10 patients (4 M and 6 F),
mean age 54.8 years. Mean calibre of GSV at
proximal/mid thigh was 6.4 mm in group A and
7.8 in group B. Concerning the intra-operative
findings: in the group A, 5 patients had blood
leak in the SFJ stump after stage I, 4 patients
showed blood leak after stage II. After comple-
tion of stage III, only one severely obese patient
had persistent reflux, whereas 17 patients had
no reflux. Conversely the 10 patients from group
B had reflux within GSV stump throughout the
3 stages. 

CDU pre-operative assessment matches
intra-operative findings with regards to GSV TV
competence/incompetence, with a good overall
accuracy (27/28-94%). Different SFJ retrograde
flow patterns should be elicited through CDU
investigation. Obese patients need a more thor-
ough CDU examination to avoid false negatives.

Introduction

Varicose vein disease may be related to
great saphenous vein (GSV) incompetence in
many cases. In the past years sapheno-femoral
junction (SFJ) was considered the key-point of
the disease in the vast majority of the cases. In
fact color-duplex ultrasound (CDU)-based lit-
erature repeatedly showed that several hemo-
dynamic patterns can be highlighted in pres-
ence of GSV retrograde flow. There is growing
evidence in literature data about the extreme-
ly frequent combination of GSV incompetence
without any reflux through its terminal valve
(TV) of SFJ.1-5

CDU investigation permits to map accurately
all the incompetent segments of the GSV stem,
also elucidating the morphologic and hemody-
namic condition of SFJ.4,5 SFJ is a complex of a
few veins, mostly five in number (including
GSV, superficial epigastric vein, superficial cir-
cumflex iliac vein, pudendal vein/s, anterior
accessory saphenous vein. Two valves are usu-
ally present in the uppermost part of GSV stem:
the TV at the confluence between GSV and com-
mon femoral vein (CFV) and the pre-terminal
valve (PTV), which is usually located below all
the SFJ tributaries, above Giacomini vein
entrance, just at the point where GSV crosses
superficial fascia (Figure 1). PTV may be absent
in up to 30% of the subjects, whereas TV is
much more constant.6,7

The complexity of the possible morphologic
and hemodynamic patterns at SFJ has been
elucidated through CDU investigation and TV
competence/incompetence represents a find-
ing of paramount importance when treating
varices related to GSV disease.8

The purpose of this observational compara-
tive clinical and instrumental study has been
to assess reliability of CDU investigation of TV
of SFJ, in presence of GSV incompetence,

through the comparison between CDU find-
ings and the intraoperative findings of the
same patients during SFJ surgical disconnec-
tion (crossectomy).

Materials and Methods

A prospective comparative study was con-
ducted in two Clinics, where varicose vein
patients were referred for surgical treatment. A
cohort of 28 previously investigated (history
taking, clinical assessment and CDU evalua-
tion) patients consecutively presented with pri-
mary varicose veins of the lower limbs and GSV
incompetence, to be treated by means of strip-
ping and phlebectomy. On the day of the surgi-
cal intervention the patients underwent CDU
mapping, in order to define pre-operatively the
morphological and hemodynamic condition of
the varicose lower limb. Mean calibre of GSV
trunk was measured through transverse scan at
proximal and mid thigh, avoiding measure-
ments where saccular dilations existed. 

Through a standardised procedure,5 patients
were investigated in standing position, by
means of compression/release and Valsalva
maneuvers and testing each vein segment
both with pulsed wave Doppler and with color-
flow imaging, with transverse and longitudinal
scanning. To elicit competence/incompetence
of the GSV segments and of TV and PTV, the
one-second cut-off was used to detect patho-
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logical reflux in the investigated venous tracts.
Using a 10 MHz linear probe, a color/Doppler
flow setting of 8 cm/s. minimum speed was
pre-fixed, in order to detect adequately also
slow antegrade/retrograde flows.5

TV incompetence was diagnosed when
reflux was highlighted within the CFV, through
the TV and within the uppermost segment of
GSV immediately below TV (Figure 2). GSV
incompetence combined with TV competence
was characterized by the absence of any reflux
in the CFV and the presence of retrograde flow
within the GSV segment immediately below
the TV (Figures 3-5). PTV incompetence was
characterized by retrograde flow in the GSV
trunk above and below this valve.

Through the CDU investigation as to above,
the 28 patients were pre-operatively divided in
two groups:  i) group A which comprised
patients with an incompetent GSV and a compe-
tent TV; ii) group B which included patients with
an incompetent GSV and an incompetent TV.

All patients were operated in local anesthe-
sia (buffered mepivacaine 0.25% and tumes-
cence infiltration), according to our previously
described procedure.9 Sapheno-femoral
crossectomy (flush ligation of GSV trunk at
CFV level and disconnection of all SFJ tributar-
ies) was combined with segmental inverted
stripping of the refluxing tract of GSV. Varicose
tributaries were avulsed by means of hook
phlebectomy and mini-incisions. 

In order to assess intra-operatively SFJ
hemodynamics, and more specifically TV com-
petence/incompetence, crossectomy was per-
formed in four sequential stages in an ascend-
ing fashion. The first stage comprised the divi-
sion of GSV trunk 3-4 cm below SFJ, with
clamping of the distal GSV tract; the second
stage included the disconnection of the lower
SFJ tributaries (e.g. anterior accessory saphe-
nous vein), and at the third stage the discon-
nection of upper tributaries (e.g. epigastric
vein) of SFJ was performed. Once all tributar-
ies were ligated and disconnected, the fourth
stage included the final flush ligation of GSV at
its confluence with CFV.

During the whole procedure, after stage I
completion, the proximal GSV stump was
opened and kept open (by means of a traumat-
ic clamps and trying to avoid any stretching or
compression on the GSV stump) when needed
for TV testing. Throughout all stages, firstly a
visual observation of any possible blood leak
during normal respiration was performed,
whereas subsequently Valsalva maneuver was
performed by the patient (who was in semi-
recumbent position), in order to elicit blood
reflux in the SFJ stump. An external physician
repeatedly performed the compression of the
homolateral iliac fossa during each of the first
three stages, in order to check for blood reflux
from CFV towards the SFJ open stump as well.

Once completed crossectomy, inversion

stripping of the refluxing GSV tract + hook
phlebectomy was performed, as to above. 

Results

CDU investigation screened the 28 patients
in the two groups according to GSV TV hemody-
namics. More in detail group A (TV competence)

comprised 18 patients (6 males and 12 females),
mean age 50.6 years, and the C variable reparti-
tion within CEAP classification was the follow-
ing: 11 limbs C2, 4 limbs C3, 2 limbs C4, and one
limb C5. Group B (TV incompetence) included
10 patients (4 males 6 females), mean age 54.8
years; CEAP subdivision of the varicose limbs as
to C variable was as follows: 5 in C2, 2 in C3, 2 in

Figure 1. Ultrasound visualization of terminal valve and pre-terminal valve of great saphe-
nous vein.

Figure 2. Color-duplex ultrasound of terminal valve incompetence at sapheno-femoral
junction.
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C4 and one in C5. 
Overall mean calibre of GSV trunk at proxi-

mal and mid thigh level was 6.4 mm (S.D. +/-
1.2) in limbs of group A and 7.8 mm (S.D. +/-
1.6) in limbs of group B. 

The intra-operative assessment of SFJ
stump during the four stages was performed
and all findings were recorded subsequently.
The findings differed significantly between the
two groups and a summary of the main results
of intraoperative assessment of SFJ stump is
reported in Table 1. 

Basically in group A (competence of TV at
CDU pre-operative investigation), 13 patients
showed no reflux in SFJ stump throughout the
first three stages, while a spontaneous blood
leak from SFJ stump was seen in five patients
after the first stage, hence it disappeared in
one of them after stage II completion. Finally
after performing stage III, 17/18 patients in
total showed no reflux from the open SFJ. One
severely obese patient showed persistent
reflux after completion of stage III. Once com-
pleted crossectomy (stage IV), no blood leak
was visible in any patient.

The 10 patients in group B (TV incompe-
tence), conversely, had blood leak/reflux with-
in the open SFJ stump throughout the first 3
stages, both during respiration and performing
Valsalva manoeuvre or iliac fossa compression.
After completion of crossectomy (stage IV) no
blood reflux was visualized in any case.

Discussion

SFJ represents a complex site both from the
anatomy and from the hemodynamics point of
view. TV is a fundamental part of SFJ and it is
designed to prevent reflux from CFV into the
superficial venous system. PTV is located just
below the entrance of the 4-5 main SFJ tribu-
taries, which contribute to constitute the end-
ing part of GSV, also called saphenous cross or
saphenous arch.

CDU study of this area may require different
scanning approaches and maneuvers in order to
understand its anatomy and hemodynamics
properly. Due to the great importance of TV
assessment before indicating a proper GSV
treatment,8,10 an adequate diagnostic approach
is needed to screen TV competence/incompe-
tence. A proper setting of color-flow and Doppler
module is helpful to pick up slow flows, as well
as adequate and reproducible manoeuvres are
to be used.5 Placing the Doppler and Color flow
sample within CFV and through the TV, allows to
reduce false positive diagnoses of valve incom-
petence, which are possible if sampling only
GSV trunk just below TV. 

On one side CDU literature data show 28-
59% incidence of TV competence in limbs with
primary varicose veins and GSV incompe-

tence,1-5, 8 on the other side TV seems to be
affected by reflux at a later stage of the evolu-
tion of the varicose disease.11 Hence patients
with GSV reflux and TV incompetence should
be usually older than patients with TV compe-
tence. More importantly, limbs with GSV reflux
have a smaller saphenous diameter (usually
equal or below 5 mm at mid thigh) when TV is
competent, whereas GSV diameter is larger
(above 6 mm in more than 70% of the cases)

when TV is incompetent.10 In our series GSV
calibres were slightly higher, probably due to
the fact that we calculated the mean value
between proximal thigh and mid thigh GSV
size. Interestingly the 60% (17/28) incidence
of TV competence, in our 28 unselected con-
secutive patients, is slightly higher than the
incidence reported in literature,1-5,8 which may
depend upon the age of the investigated
patients.

Figure 3. Color-duplex ultrasound of terminal valve competence at sapheno-femoral junc-
tion (and pelvic tributary retrograde flow during calf-release).

Figure 4. Duplex ultrasound (transverse scanning) of terminal valve competence: no reflux
at Valsalva maneuver within common femoral vein.
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In our CDU explorations reflux was elicited
both with manual calf muscle compression and
Valsalva maneuver. The first gravitational gra-
dient (squeezing) maneuver permits to high-
light any retrograde flow with or without an
escape point, whereas Valsalva maneuver
(which is based on hyperpressure gradient)
shows reflux only in presence of escape
points.10,12

With reference to the intra-operative find-
ings, in group A (TV competence at pre-opera-
tive CDU) limited blood leak occurred in a few
patients after stage I and II during respiration,
and not during Valsalva; this leak is probably
the expression of the normal/physiologic
drainage of the abdominal wall/pelvic tributar-
ies within SFJ. Conversely two of the three
patients who exhibited reflux from the open
SFJ stump during hyperpressure maneuvers
(Valsalva and iliaca fossa compression) after
stage I and after stage II, were likely affected
by pelvic vein insufficiency (Figures 4-6). After
stage III only one patient of group A clearly
showed reflux at hyperpressure maneuvers,
which obviously relates to persistent TV
incompetence (the false negative patient at
pre-operative CDU exploration).

In group B (TV incompetence at pre-opera-
tive CDU) all patients exhibited reflux during
respiration and during Valsalva and iliac fossa
compression, and refluxes resulted qualitative-
ly much more evident (in comparison to group
A) at the visual control during the operations.

During the in vivo intra-operative assess-
ment possible external interferences may have
occurred, such as: patient position, variable
geometry of the open SFJ stump, non-physio-
logic venous wall tension and cusp move-
ments. Similarly the open SFJ stump compli-
ance was obviously much higher than the
physiologic one, which may have represented
another difference with normal vein patho-
physiology.

Anyway a great attention was given to main-
tain the normal SFJ anatomy and physiology
during the intra-operative assessment, in

order to minimize all those factors, which
could potentially bias the final outcomes. The
good correspondence between CDU and intra-
operative findings (27 out of 28 cases, which
corresponds to 94% accuracy, with 6% false
negative rate), somehow show that the in vivo
demonstration of TV competence/incompe-
tence (Figure 7 and Video 1) has represented a
reliable method to confirm adequacy of CDU
investigation to diagnose this specific morpho-
hemodynamic condition.

One single patient in group A showed intra-
operative TV incompetence, after being diag-
nosed pre-operatively with TV competence with
CDU. The objective over-complexity of investi-
gating severely obese patients with CDU may be
responsible for false/positives/negative findings

at SFJ, as well as in other vein districts. 
The limited sample size has not permitted

any statistical analysis on our data; notwith-
standing the intra-operative results match the
CDU ones as overall. This prospective study
was performed in 2003 and it included a limit-
ed number of patients; in fact the patients’
recruitment was interrupted after few weeks,
due to the complexity of the protocol and due to
fact that the authors changed their strategy in
patients with terminal valve competence,
where crossectomy has been considered
unnecessary. Having achieved adequate out-
comes after the first 28 patients, as to the aim
of the study, it was decided to limit the compar-
ative study to the data, which were obtained
until that time.

Figure 5. Same case of Figure 4: reflux during Valsalva maneuver within great saphenous
vein just below terminal valve (pelvic vein insufficiency).

Table 1. Intra-operative assessment of the terminal valve of great saphenous vein (stage I-IV).

Group A Group B
(18 patients with TV competence at CDU) (10 patients with TV incompetence at CDU)

Respiration Valsalva man Respiration Valsalva man and Iliac fossa
and Iliac fossa compression compression

Blood No blood Reflux No reflux Blood Reflux
leak Leak leak

After stage I 5 13 3 15 10 10
After stage II 4 14 3 15 10 10
After stage III 1 17 1 17 10 10
After stage IV 0 18 0 18 0 0
TV, terminal valve; CDU, color duplex ultrasound.
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Pre-treatment CDU investigation of GSV TV
in varicose vein disease may address towards
different therapeutic options. In case of TV
competence, simple treatment of the refluxing
varicose tributaries (e.g. with selective surgery
or foam sclerotherapy) without any ablation of
GSV trunk, would provide good outcomes at
mid-term8,13 and generally speaking no SFJ
treatments should be advisable. In fact first
step of CHIVA 2 (which consists of disconnec-
tion of the uppermost refluxing tributary from
GSV trunk and hook phlebectomy of the proxi-
mal segment of the varicose tributaries), or
single phlebectomy h, achieve in the vast
majority of the cases, after one-to-six months,
the abolition of GSV trunk reflux and the GSV
calibre reduction.14 Similarly ASVAL approach
resulted in good clinical and CDU results at 4
years follow-up.13 These transient morphologic
and hemodynamic changes15,16 are due to the
abolition of the re-entry veins and thus to the
reduction of compliance and of the retrograde
volume In presence of TV competence a more
favorable follow-up could be expected8 in these
patients.

Of importance, any endovenous chemical or
thermail ablation leaves the SFJ open, which
may implicate that in cases of pre-treatment
TV competence, mid-long term follow-up may
be positively influenced, as the residual SFJ
stump may have no reflux thanks to TV normal
function.17 Sound data on this issue are still
lacking, but ethiopathogenesis of recurrent
varicose veins may somehow relate to the
pre/post-treatment morpho-hemodynamic sta-
tus of TV.17

In 2006 Cappelli18 also demonstrated the fun-
damental role of the iliac-femoral valve, which
is located in the deep veins above SFJ, as to GSV
diameter and with reference to SFJ hemody-
namics. In fact an absent or incompetent iliac-
femoral valve (in combination with TV incom-
petence) is associated with mid-thigh GSV
diameter over 7 mm in more than 50% of the
cases. At the time of our study, in fact we did not
included iliac-femoral valve assessment in our
pre-operative CDU investigation.

In this observational comparative study, pre-
operative CDU investigation of TV at SFJ has
resulted in coherent results, when compared to
in vivo intraoperative TV assessment (Figure 7).
As TV role in GSV disease has been proved to be
of importance, scrupulous pre-treatment CDU
investigation of TV could lead to more tailored
therapies. A more conservative (less expensive),
or, conversely, a more radical treatment could be
planned according to the resulting CDU find-
ings. Anyway it is auspicable that pre-therapy TV
assessment should be an integral part of any sci-
entific study aimed at producing proper evi-
dence on GSV treatments, especially when mid-
long term data are provided. 

A few final considerations could be drawn
from this study: i) CDU investigation of SFJ

and TV has proved to be accurate in the vast
majority of the cases; ii) TV CDU assessment
may lead to a saphenous junction (/trunk?)
sparing therapy, as 40-50% of the varicose
limbs with GSV reflux have a competent TV;
iii) TV competence (hence GSV calibre below
6-7 mm in the vast majority of the cases) may

explain the quite good short/mid term out-
comes of the published literature on endove-
nous treatments,19-21 where the treated GSVs
have a ≤6 mm diameter in the vast majority of
the treated patients.

Unfortunately no or little data are published
on TV competence/incompetence in GSV treat-

Figure 6. Intra-operative assessment of one patient with terminal valve competence: reflux
till stage II completion and abolition of reflux after stage III.

Figure 7. Comparative pictures of two different patients during intra-operative assessment.
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ment clinical trials, hence future prospective
studies should systematically include more
comprehensive morphology and hemodynam-
ics information, if a more advanced
diagnosis/therapy of primary and recurrent
varicose veins has to be finalized.22
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