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Valve Reconstruction for Deep 
Venous Reflux
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Abbreviations

AV	 Axillary vein
CFV	 Common femoral vein
CVI	 Chronic venous insufficiency
DFV	 Deep femoral vein
DUS	 Duplex ultrasound
DVR	 Deep venous reflux
DVS	 Deep venous system
EF	 Ejection fraction
FV	 Femoral vein
GSV	 Great saphenous vein
IVUS	 Intravascular ultrasound
PTFE	 Polytetrafluoroethylene
PTS	 Post-thrombotic syndrome
PV	 Popliteal vein
QoL	 Quality of life
RVF	 Residual volume fraction
VCSS	 Venous clinical severity score
VFI	 Venous filling index

�Introduction

Deep venous reflux (DVR) is one of the main 
causes of chronic venous insufficiency (CVI) 
[1, 2]. It may be isolated or associated with other 
pathologies, such as deep venous obstruction; or 
else associated to superficial venous reflux; or 
reflux of the perforators [3, 4]. CVI is the conse-
quence of venous hypertension during ambulation; 
it is related to high volume/low velocity blood 
flow, which leads to microcirculatory disorders 
[5]. DVR tolerance varies according to the caliber 
of the veins and the overall venous volume, the 
efficiency of the muscle pump, the age and physi-
cal activity of the patient [6–10]. DVR may be 
axial or segmental [11]; CVI is more frequently 
correlated to the presence of axial reflux [12].

Clinical Pearls

	1.	 Current surgical techniques for deep 
venous reconstruction are valvuloplasty, 
valve transposition, valve transplanta-
tion, and neovalve creation

	2.	 Deep venous obstruction should be cor-
rected before valve reconstruction

	3.	 Neovalve creation seems to provide bet-
ter valve competence after long-term 
follow-up compared to the other tech-
niques for valvular reconstruction

O. Maleti, MD (*) 
Department of Cardiovascular Surgery, Hesperia 
Hospital Deep Venous Surgery Center,  
Via Arquà 80/A, 41125 Modena, Italy 

Math-Tech-Med University of Ferrara, Ferrara, Italy
e-mail: maleti@chirurgiavascolaremodena.it 

M. Lugli, MD 
Department of Cardiovascular Surgery, Hesperia 
Hospital Deep Venous Surgery Center,  
Via Arquà 80/A, 41125 Modena, Italy
e-mail: lugli@chirurgiavascolaremodena.it

17

https://doi.org/10.1007/978-3-319-65226-9_17
mailto:maleti@chirurgiavascolaremodena.it
mailto:lugli@chirurgiavascolaremodena.it


218

Various reflux patterns were defined at the 
VEIN TERM Consensus Conference [13]. Reflux 
is one of several determining elements in CVI 
[14], which also includes associated obstruction. 
CVI chiefly occurs in PTS, where reflux and 
obstruction are associated in two thirds of cases 
[15]. When not associated to obstruction or reflux 
in other districts, DVR is nevertheless a signifi-
cant factor in CVI [16].

Correcting DVR must observe the principle 
of ensuring adequate blood flow, bearing in 
mind that the latter increases substantially dur-
ing muscular activity. Past attempts to correct 
reflux, which employed ligation of the popli-
teal and femoral veins [17, 18], had a high fail-
ure rate because of the formation of a collateral 
network without valves. Failure was also 
reported [19] where banding was applied to 
reduce the vein caliber but was correlated to an 
increase in flow resistance. Hence, the best 
options would appear to be valve repair, where 
possible, the creation of a new valve, or a strat-
egy to obtain a new venous axis with compe-
tent valves.

�Deep Venous Reflux

On the basis of etiology, DVR can be distin-
guished into primary, secondary, or congenital 
[20–22]. Secondary reflux is by far the most fre-
quent in that it includes post-thrombotic syn-
drome (PTS) valve insufficiency. Deep vein 
thrombosis leads to the destruction of the valve 
function in 40–70% of cases [23]. If rapid reso-
lution of the thrombus occurs, the valve function 
may remain intact; the valve itself may present 
limited malfunction, and the vein wall at the 
thrombus site may develop simple thickening 
(Fig. 17.1). In other scenarios, valve destruction 
may be segmental; however, the valve apparatus, 
at sites distal or proximal, may be preserved. 
When the thrombotic process is not rapidly 
resolved and has been more extensive, valve 
destruction will be total and associated with 
axial reflux.

The term primary reflux is identified on CEAP 
classification [20] as a malfunction of the valve 

due to unknown causes, so such as to preserve the 
valve apparatus in a quasi-unaltered condition.

This malfunction may be due to malforma-
tions such as asymmetrical cusps or redundant 
leaflets which may be a congenital condition; 
alternatively, the malfunction might be linked to 
a small unrecognized venous thrombosis, thus 
making it in reality a secondary reflux.

Despite the fact that a congenital condition 
may be the cause of the malfunction, the CEAP 
classification currently reserves the term “con-
genital” to the extremely rare conditions of venous 
aplasia or hypoplasia [20, 22, 23]. The distinction 
between primary, congenital, and secondary, leav-
ing aside etiology, in all events proves crucial 
since both techniques and outcomes vary widely 
when treating these three type of reflux [24].

�Surgical Treatments

Surgical treatment of deep venous reflux essen-
tially consists of two types of procedures: valvu-
loplasty or the creation of a non-refluxing 
segment.

�Surgical Treatments in Primary DVR

�Internal Valvuloplasty

As mentioned above, valvuloplasty is feasible 
only where the valve apparatus is intact or suffi-
ciently preserved following the thrombotic epi-
sode. In such cases the valve malfunction presents 
a reflux of varying magnitude generally associ-
ated with the prolapse of one or both the free leaf-
lets or their asymmetry or the widening of the 
valve annulus. The first surgical operation to cor-
rect an insufficiently functional valve was per-
formed by Kistner in 1968 [25] and consists in 
stretching the leaflets, thus reducing the redun-
dancy and the length of the free border of the 
leaflet itself (Fig. 17.2a, b). This first technique 
was subsequently modified by other authors who 
suggested various approaches in order to avoid 
direct damage to the valve apparatus during phle-
botomy [26–28].
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�External Valvuloplasty

In order to avoid phlebotomy, external valvulo-
plasty was also proposed to establish valve com-
petence by reducing the commissural angle with 
the application of external stitches. This tech-
nique presupposes perfect visibility of the site at 
which the cusps are inserted into the vein wall, 
but still implies the risk of damaging the valve 
apparatus by stretching it to excess [29–31]. The 
lower degree of technical precision is also associ-
ated with less satisfactory outcomes.

In view of the fact that the valve leaflets are 
often asymmetrical, direct frontal vision 

offered by phlebotomy prompts the choice of 
this technique. Valvuloplasty should also 
restore valve competence by maintaining the 
sail effects in the valve sinus, since the latter 
proves critical in ensuring correct valve func-
tion [32].

�Surgical Treatments in Secondary 
and Congenital DVR

The surgical techniques that address secondary 
DVR are: vein transposition, vein transplant, neo-
valve, and artificial venous valve.

Fig. 17.1  Post-
thrombotic syndrome: 
valve thickening

Fig. 17.2  (a) Primary deep venous incompetence: internal valvuloplasty. (b) The valve competence is checked after 
removing the proximal clamp
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�Vein Transposition

Where anatomical conditions permit, a devalvu-
lated segment is relocated onto a competent val-
vulated segment. Transposition is normally 
performed at the inguinal level and was first 
described by Kistner in 1979 [33]. The most fre-
quently performed version involves transposing 
the valvulated segment onto the deep femoral 
vein (DFV) or onto the great saphenous vein 
(GSV).

�Transposition onto the DFV: Technical 
Details
When transposing onto the DFV, the surgeon 
should isolate the femoral junction in the first 
tract of the common femoral vein (CFV). The 
tract should be long enough to allow control and 
should extend distally toward the femoral vein 
(FV) and the DFV.

The most proximal and competent valve in the 
DFV must be identified and the FV isolated for a 
tract long enough to enable us to transpose the 
segment without creating twists and tension.

The FV is divided at the proximal insertion 
sited at CFV level. The residual stump is closed 
off with a longitudinal suture. Thereafter the 
femoral vein is sutured at DFV level, downstream 
of a previously identified competent valve.

Any trabeculae in the FV due to post-
thrombotic processes should be removed. Given 
that the two calibers are normally incompatible, 
an end-to-side anastomosis is more often per-
formed (Fig.  17.3); however, for hemodynamic 
reasons, where possible an end-to-end anastomo-
sis is preferable.

DFV is a multiaxial system, which explains 
why hemodynamic alterations are not caused by 
the descending branch interruption.

�Transposition onto the Saphenous 
Vein: Technical Details
If a competent GSV be available, the transposi-
tion of the FV onto the GSV can be performed 
below the sapheno-femoral junction. In view of 
the fact that the GSV is located at subcutaneous 
level, it is better to transpose the GSV itself into 
a subfascial location. A segment 5–10  cm long 

should be harvested from the proximal GSV. The 
FV divides just below the junction with the 
DFV.  An end-to-end anastomosis is performed 
between the GSV and the FV. The FV is often 
distended as a result of clamping and any dis-
crepancy in caliber will quickly diminish after 
restoring flow. Still, the increased blood flow 
through the GSV may cause dilatation and pre-
cipitate valve insufficiency. Such a scenario can 
be avoided by applying a cuff below the compe-
tent saphenous valve, thus preventing postopera-
tive dilatation.

The advantages of transposition are the rela-
tive technical ease of performance when a com-
petent GSV is available and good long-term 
results. On the other hand, the disadvantages are 
the caliber mismatch between FV and GSV or 
DFV; adverse anatomical conditions in 
DFV.  Further drawbacks may be related to the 
competent valve being only present in distal part 
of DFV, requiring extensive dissection. As men-
tioned prior, subsequent incompetence of the 
DFV and GSV due to the increase in caliber is 
another possible problem. Finally the risk of 
postoperative lymphocele which can be a diffi-
cult complication to treat.

�Vein Transplant

Transplant aims at inserting a segment containing 
a competent valve inside an incompetent axis. In 
the first technique described by Raju in 1979 
[34], the donor segment is the axillary vein (AV); 
in the version proposed by Taheri in 1982 [35], it 
is the brachial vein.

�Technical Details
The main drawback of this technique may be 
incompetence in the donor segment and discrep-
ancy in caliber between the two veins. Access to 
the AV can be gained by longitudinal incision at 
the summit of the armpit; this enables removal of 
a segment long enough for transplantation.

Vein dissection should be performed proxi-
mally to the ribcage level and distally as far as the 
incision will allow. There is no need to restore 
anatomical continuity since collateral pathways 
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ensure good drainage of blood for the arm, and 
therefore complications resulting from removal 
of the AV are rare. First, test the segment for 
valve competence before removing the valve (or 
valves). In cases of incompetence, bench recon-
structive surgery can be performed, but adds sig-
nificant complexity to the case.

The harvested vein segment should be kept in 
a heparinized saline solution. Transplantation 
should be performed to the most compatible 
recipient segment, either in the FV or popliteal 
vein (PV), depending on the caliber. If the PV is 
preferred, given its duplication sometimes, the 
competence of parallel veins should be verified in 
advance. If competence is not ascertained, the 
refluxing parallel veins should be ligated.

The popliteal vein can be accessed via a tradi-
tional medial incision. Posterior exposure is an 
option, but is technically more complex and pro-
vides limited exposure. Complexity of this tech-
nique is correlated with the double intervention 
(harvesting the arm vein and implantation in the 
lower limb).

It is essential to avoid creating twisting, ten-
sion, and stenosis at the suture site as this can 
predispose the vein to thrombosis. In preference 
to a continuous suture, an interrupted suture or 
two-half sutures should be performed. The proxi-

mal anastomosis should have a wider diameter 
than the distal one, and as large a distance as pos-
sible should be left between the valve cusps and 
the proximal anastomosis.

While the risks of wound complications and 
lymphocele are decreased by staying away from 
the groin area, the effectiveness of the procedure 
is diminished in the presence of multiple PV or 
DFV incompetence. It involves a surgical proce-
dure on an unaffected a healthy upper extremity. 
The incidence of postoperative thrombosis is not 
uncommon.

�Neovalve

The neovalve is a technique which uses the prin-
ciple of reconstructing a new autologous valve by 
refashioning the patient’s own vein wall. Raju 
and Hardy [36] proposed a de novo valve using a 
valvulated portion of the GSV or a tributary of 
the AV, which was inserted into the FV.  They 
reported good results, despite a limited series. 
Plagnol [37] performed a neovalve in the termi-
nal portion of the GSV; this portion of the GSV 
was invaginating into the CFV. Maleti [38] pro-
posed a version in which the neovalve is obtained 
by dissecting the vein wall so as to fashion a flap 

Fig. 17.3  Femoral 
transposition: End-to-
side anastomosis 
between femoral vein 
and deep femoral vein. 
DUS control
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or leaflet (Fig. 17.4). Thanks to the characteristic 
thickening of vein wall tissue, the neovalve is 
easier to perform in PTS, and it can also be per-
formed in cases of valve agenesis [39]. Due to the 
anatomical variables in the vein wall and the 
diversity of post-thrombotic lesions, the configu-
ration of the Maleti neovalve is variable in each 
case. The choice of the neovalve site, as well as 
the technical variations used in constructing it, 
should be based on high resolution duplex ultra-
sound (DUS) assessment. A significant portion of 
the technical aspects depends on the intraopera-
tive findings after phlebotomy.

Post-thrombotic lesions have various features: 
slight thickening of the vein wall; uniform or oth-
erwise; synechiae or septa; endoluminal fibrotic 
tissue which forms a double channel; notable 
thickening of the vein wall with fibrosis occupy-
ing a large portion of the lumen.

In all but the first of these conditions, endo-
phlebectomy should be performed. The main risk 
with the neovalve technique is postoperative re-
adhesion of the leaflet at the dissection site. 
Specific sutures can prevent this mode of failure.

Depending on the features of the vein wall, 
the neovalve may be bicuspid or have a single 
cusp. In order to prevent leakage, a valve with a 
single cusp should be fashioned deeper. It is now 
recognized that the shape of the valve itself 
determines physiological valve function. As the 
neovalve does not fully comply with nature’s 
model, the wash-out action performed by the 
sinus is lacking. The result is reduced movement 

in the flap, which in turn may provoke thrombo-
sis in the valve sinus. In order to prevent this 
from happening, when applicable a leaflet is 
fashioned at the site of a tributary so as to create 
a competing flow.

An alternative technique has been suggested 
by other authors [40] whereby a portion of the 
vein wall is invaginated to create a flap; a PTFE 
patch is used to reconstruct the vein wall. The 
chief drawback of this technique is that, since the 
neovalve is open laterally, the leaflet cannot frag-
ment the hydrostatic pressure. However, the 
reduced reflux volume will lead to partial func-
tioning of the neovalve when combined with effi-
cient ambulation.

The advantages of neovalve technique are that 
it creates an anti-reflux mechanism using the 
patient’s vein wall and offers a surgical alterna-
tive where transposition and transplant are not 
possible. The disadvantages of the technique are 
that it is technically challenging and has to be 
individualized. It frequently requires endophle-
bectomy and the reconstruction site can seldom 
be defined preoperatively.

�Artificial Venous Valve

Over the years, various attempts have been made 
at creating a substitute venous valve. Research is 
still underway, but there is no current human 
application.

�Indication for Treatment

Patient selection for deep valve reconstruction 
depends on a diagnostic protocol and a thorough 
clinical evaluation.

The diagnostic protocol involves DUS evalua-
tion, air plethysmography [41], venography [11], 
and intravascular ultrasound (IVUS) [42].

DUS is essential for defining lower-limb 
venous abnormalities [43]. Since DUS is not suf-
ficient to detect proximal obstructions—fre-
quently present and to be treated first—further 
investigations are needed. DUS is able to detect 
the reflux, except where low buffering effects are 

Fig. 17.4  Post-thrombotic syndrome: Neovalve accord-
ing to Maleti. A posterior dissection of the wall is per-
formed in order to create a neovalve
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present in the calf; in such cases the reflux can go 
undetected or underestimated. The reflux is not 
the only hemodynamic alteration correlated with 
valve malfunction; other features include modi-
fied volume and compliance, which may be 
underestimated in a standard DUS exam.

Patients with CVI should also be assessed on 
functional data such as calf pump efficiency [44]. 
Restoring valve competence at thigh level is not 
sufficient to maintain a low volume in the leg 
during ambulation if correction is not combined 
with efficient calf contraction.

Poor results in some series can be attributed to 
inappropriate patient selection.

Other parameters like VFI (venous filling 
index), EF (ejection fraction), RVF (residual vol-
ume fraction) are advisable in follow-up evalua-
tion [45].

Any macrocirculatory disorders will have an 
impact at the microcirculatory level; correction 
of the same does not occur immediately follow-
ing restoration of valve function. A microcircula-
tory evaluation is essential in monitoring the 
reversibility of microcirculatory lesions, and is 
also a key element in detecting the improvement 
brought about by pharmacological or compres-
sion therapy.

In patients selected for deep reflux correction, 
iliocaval and descending venography are indi-
cated to rule out proximal obstruction when sus-
pected with the use of IVUS.

The diagnostic protocol will be applied in any 
patient eligible for deep vein reconstruction with:

–– Severely impaired Quality of Life (QoL) 
despite compression therapy

–– Patients with C4–C6 affected by deep venous 
reflux

–– Patients with C3 disease and no superficial 
insufficiency has been detected;

–– Patients with C2 disease and multiple 
recurrences.

No further investigations and procedures are 
necessary [46, 47] in CVI patients who are able 
to maintain a good QoL and satisfactory condi-
tions simply as a result of treatment to the super-
ficial venous system or compression therapy.

CVI patients with malfunctioning hemody-
namics in the leg, multiple recurrences in vari-
cose veins that significantly affect QoL, but 
also young patients resistant to compression 
therapy deserve further investigation. By apply-
ing a selected and well-tolerated procedure we 
can considerably improve their condition [39, 
48, 49].

�Strategies

In primary, secondary and congenital reflux, 
operative treatment is important.

In primary varicose veins associated with 
superficial venous reflux, the competence of the 
deep venous system can sometimes be restored 
by treating the superficial system alone, thus 
reducing the overload of the deep system. 
However, the reduction of deep venous overload 
can restore the valve competence by reducing the 
diameter of the deep vein only when the valves 
are anatomically normal and with symmetrical, 
functional leaflets. Conversely, when the valves 
are dysplastic and present abnormal and asym-
metrical leaflets, valve reconstruction should be 
considered since the reduction of deep venous 
overload is insufficient to restore the function of 
the valves. Thus a precise preoperative evaluation 
(DUS and phlebography) will allow for planning 
an appropriate treatment strategy.

Valve agenesis is characterized by the absence 
of valves throughout the deep venous system and 
usually manifests in young patients with severe 
CVI and impairment of QoL [50]. Superficial 
reflux and deep venous reflux due to valve agen-
esis are usually associated and ablation of the 
superficial system is usually not sufficient. In 
such cases, it is important to rule out any proxi-
mal venous obstruction and increase calf pump 
efficiency. The need to treat the deep system via 
a direct approach is reserved to patients in C4b–
C6 and a neovalve construction is a good option.

PTS is a complex pathology characterized 
by two principal hemodynamic disorders: 
increased resistance to flow (obstruction), due 
to stenosis, intraluminal synechiae, rigidity of 
the venous wall [15] and reflux, due to valve 
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damage [12] (Fig.  17.5). Usually obstructive 
lesions are in the proximal iliac and common 
femoral vein, while reflux is in the femoral, 
popliteal, and tibial veins.

Operative strategy in PTS [51] involves the 
treatment of proximal obstruction by means of 
venous stenting (Fig. 17.6) as a first step since 
the majority of the patients can improve with-
out corrective reflux treatment. As a second 
step, consider the relief of common femoral 
vein obstruction by means of endophlebec-
tomy, obstructive lesions in this crucial area of 
the leg.

Next the femoro-popliteal veins should be 
evaluated as common site for hemodynamic dis-
orders due to reflux and obstruction. As a final 
step, in patients who show no improvement, 
direct deep venous reflux correction should be 
considered.

The diagnostic criteria needed to decide which 
strategy to apply are the following:

–– Presence and/or absence of proximal obstruc-
tion including occlusion.

–– Presence of axial reflux below the inguinal 
ligament, from groin to calf, via femoropopli-
teal axis or by superficial or profunda transfer, 
as well as their combination.

–– Presence and/or absence of proximal compe-
tence of the DFV.

–– In the case of DFV incompetence, identify 
single or multiple re-entry points into the PV.

–– Presence and competence of the great and 
small saphenous veins.

–– PV features (single and multiple channels) 
and their competence and/or incompetence.

–– Caliber of FV and PV.
–– Caliber and competence of the AV.
–– Presence of endoluminal fibrosis, determining 

double channel at femoropopliteal level.

�Outcomes

The complication rate of deep venous system 
(DVS) treatments is particularly rare, and DVS 
surgery is safe [52]. The results are satisfactory, 
particularly in primary incompetence, despite the 
heterogeneity of patients. The less satisfactory 
results obtained treating the secondary incompe-
tence are probably correlated with:

–– Inadequate understanding of deep venous 
pathophysiology

–– Inadequate imaging (in the past proximal 
obstruction was underestimated and conse-
quently not previously treated)

–– Suboptimal patient selection
–– Patients with advanced CVI and non-reversible 

microcirculatory damage

The outcomes of deep venous reconstruction 
are limited to case series. Assessing the outcomes 
of deep vein surgery to correct reflux is compli-
cated. Principally, we rely on the Villalta score in 
conjunction with VCSS. Most outcome literature 
to date is based on ulcer healing and pain reduc-
tion. A summary of the outcomes of each of the 
techniques is given in tables. Most experience 
has been with valvuloplasty with the internal and 
external techniques. The ability to achieve com-
petent valves varies from 31.5% up to 79.8% but 
the clinical failure as measured by ulcer recur-
rence or nonhealing is 21–50% (Table 17.1). The 
experience with valve transposition and trans-
plantation is more limited but has similar vari-
ability in long-term outcomes (Tables 17.2 and 
17.3). There are only 3 case series with neovalve 
reconstruction but the outcomes seem to be rela-
tively better with 68–100% achieving competent 

Fig. 17.5  Common femoral vein: post-thrombotic 
lesions
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valve on follow-up and only 17% experiencing 
nonhealing or recurrence of ulcers (Table 17.4). 
The Portland team [65] has developed a biopros-
thetic valve. However, at one-year follow-up 
valve competence was not evident, and the tech-
nology is still experimental.

�Conclusions

The surgical treatment of deep venous reflux is safe 
and effective for treatment of selected patients 
with advanced venous disease and ulceration. 

Fig. 17.6  Post-
thrombotic syndrome: 
DUS of iliac venous 
stenting

Table 17.1  Valvuloplasty outcomes

Author
(Year) Technique

Number of 
limbs (Number 
of valves)

Follow-up 
months 
(mean)

Ulcer recurrence 
or nonhealed 
ulcer (%)

Competent valve 
(%)

Masuda [53]
(1994)

Internal 32 48–252
(127)

(28) 24/31 (77)

Raju [54]
(1996)

Internal 68 (71) 12–144 16/68 (26) 30/71 (42)

Raju [54]
(1996)

External 47 (111) 12–70 14/47 (30) 72/111

Sottiurai [55]
(1996)

Internal 143 9–168 (81) 9/42 (21) 107/143 (75)

Raju [31]
(2000)

External (Transcommisural) 141 (179) 1–42 (37) (59)

Perrin [48]
(2000)

Internal 85 (94) 12–96 (58) 10/35 (29) 72/94 (77)

Tripathi [56]
(2004)

Internal 90 (144) (24) (32) (79.8)

External (Transmural) 12 (19) (50) (31.5)

Wang [57]
(2006)

External (Transmural) (40) (36) / (91)

Rosales [58]
(2006)

External (Transmural) 17 (40) 3–122 (60) 3/7 (43) (52)

Lehtola [59]
(2008)

Internal 12 24–78 (54) / 55

External (Transmural) 7

Internal + External 
(Transmural)

1
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Table 17.2  Transposition outcomes

Author
(Year) Number of limbs Follow-up months

Ulcer recurrence or 
nonhealed ulcer (%) Competent valve (%)

Masuda [53]
(1994)

14 48–252 7/14 (50) 10/13 (77)

Sottiurai [55]
(1996)

20 9–149 9/16 (56) 8/20 (40)

Cardon [60]
(1999)

16 24–120 4/9 (44) 12/16 (75)

Perrin [48]
(2000)

17 12–168 2/8 (25) 9/17 (53)

Lehtola [59]
(2008)

14 24–78 / (43)

Table 17.3  Transplantation outcomes

Author
(Year) Number of limbs

Follow-up months 
(mean)

Ulcer recurrence or 
nonhealed ulcer (%) Competent valve (%)

Bry, [61]
(1995)

15 15–132 3/14 (21) 7/8 (87)

Mackiewicz [62]
(1995)

18 43–69 5/14 (36) /

Raju [54]
(1996)

54 12–180 / 16/44 (36)

Sottiurai [55]
(1996)

18 7–144 6/9 (67) 6/18 (33)

Raju [63]
(1999)

83 12–180 (40) 6 years (38) 4 years

Perrin [48]
(2000)

32 12–124 (66) 9/22 (41) 8/32 (25)

Tripathi [56]
(2004)

35 (24) (45) (41)

Lehtola [59]
(2008)

29 24–78 (54) / (16)

Kabbani [64]
(2011)

19 (37) 6/8 (80) 8/19 (42)

Table 17.4  Neovalve outcomes

Author
(Year) Technique Number of limbs

Follow-up 
months (mean)

Ulcer recurrence 
or nonhealed ulcer 
(%)

Competent valve 
(%)

Plagnol [37]
(1999)

Bicuspid 44 6–47 (17) 3/32 (17) 38/44 (86)

Opie [40]
(2008)

Monocuspid 14 (48) 0/6 13/14 (92)

Maleti-Lugli 
[39]
(2009)

Monocuspid or 
Bicuspid

40
(19+21)

2–78 (28,5) 7/40 (17) 13/19 (68)
21/21 (100)
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Indeed, the clinical experience in this field is con-
fined to only a few centers around the world and 
studies are based on case series. Nevertheless, 
surgical treatment addressing the deep vein sys-
tem is gaining more attention, mostly because of 
new procedures which can help patients suffering 
from severe chronic vein insufficiency. It is pos-
sible that the variability in the outcomes in early 
series was affected by the presence of obstructive 
disease that was underdiagnosed. Our enhanced 
understanding of the complex interactions 
between reflux and obstruction, as well as the 
interactions between the superficial and deep 
venous systems will continue to evolve and 
improve our ability to deliver better therapy to 
patients with venous disease.
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