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Abstract

Objective: Among the veins used as a graft in myocardial
revascularizations and ends, great saphenous vein is the most
used. Knowing the presence and location of valves has great
importance when evaluating the surgical anatomy of the great
saphenous vein. Despite major surgical application and many
works involving great saphenous vein, the number of valves
present in it from the saphenous hiatus to the medial epicondyle
of the femur is still described inaccurately. The objective of this
study is to quantify the valves of the great saphenous vein from
the saphenous hiatus to the medial epicondyle of the femur to
determine the best portion of the great saphenous vein to perform
revascularization surgeries.

Methods: This is a crosssectional observational study in which
it was analyzed great saphenous vein extracted from 30 cadavers.
It was measured the length of the veins; (diameter) at its proxi-
mal, middle and distal, quantifying the number of valves in each
one and the total number of valves at the great saphenous vein.

Results: The frequency of valves in the great saphenous vein
taken from the medial epicondyle of the femur to the saphenous
hiatus was 4.82, ranging between 2 and 9. Moreover, there is a

'Universidade Estadual de Ciéncias da Satde de Alagoas (UNCISAL), Ma-
ceio, AL, Brazil.

This study was carried out at Universidade Estadual de Ciéncias da Saude de
Alagoas (UNCISAL), Maceid, AL, Brazil.

Financial support: Scientific Initiation scholarship funded by Fundagéo de
Amparo a Pesquisa do Estado de Alagoas (FAPEAL) from April/2012 to
March/2013.

significant difference in the number of valves in the proximal and
distal relative to the average.

Conclusion: the median and distal portions of the saphenous
vein in the thigh, are the best options for the realization of bridges
due to the fact that these portions have fewer valves which there-
fore would tend to decrease the risk of complications connected
with the valves in these grafts.

Descriptors: Venous Valves. Saphenous Vein. Myocardial
Revascularization.

Resumo

Objetivo: Dentre as veias empregadas para revascularizacoes
do miocardio e de extremidades, a veia safena magna é a mais
utilizada. Conhecer a presenca e localizacdo de valvulas é de
grande importancia quando se avalia a anatomia cirargica da
veia safena magna. Apesar de grande aplicacio cirurgica e de
muitos trabalhos envolvendo a veia safena magna, o nimero
de valvulas presente nela desde o hiato safeno até o epicondilo
medial do fémur ainda é descrito de forma imprecisa. O objetivo
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Abbreviations, acronyms & symbols

CPB Cardiopulmonary bypass

DM Mean diameter

GSV Great Saphenous Vein

LCS Left coronary system

LITA Left internal thoracic artery

MAA Without ascending aorta

UNCISAL State University of Health Sciences of Alagoas

do presente trabalho é quantificar as valvulas da veia safena
magna desde o hiato safeno até o epicondilo medial do fémur
para determinar a melhor porcio da veia safena magna para a
realizacio de cirurgias de revascularizacio.

Métodos: Este é um estudo transversal e observacional em que
foram analisadas veias safena magna extraidas de 30 cadaveres.

INTRODUCTION

Among the materials used for revascularization, the veins
can be used in various parts of the body. Among them, the
great saphenous vein (GSV) is the first choice. Its use as an
implant during coronary artery bypass surgery and lack of
being affected by varicose disease has aroused the interest
of researchers. This vessel remains an essential component
in strategies for coronary artery bypass grafting in humans.
The vessel is used alone or in combination with arterial grafts
and has the advantage of being available autologous vascular
tissue in most patients in need of such surgeries!!l. Its use in
composite graft with the left internal thoracic artery (LITA)
could allow complete revascularization of the left coronary
system (LCS) without a cardiopulmonary bypass (CPB) and
without ascending aorta (MAA) in order to reduce some risks
and complications in the immediate postoperative period. The
autologous saphenous vein also remains a nearly ideal pros-
thetic element be low the inguinal ligament. That, depending
on the outcome of patients in the progression of atherosclerotic
disease especially in the revascularization of the tibia arteries,
because they tolerate more flow limit.

Knowledge of the presence and location of valves is of
great importance when assessing the surgical anatomy of the
GSV. Generally, the valves are located along the vein and
immediately below the mouth of major tributaries. Almost
always, one or two valves are present in its termination or
mouth. The GSV has often an ostial or ostial valve and a
subostial valve. Knowledge of the presence of these valves
makes us better understand the pathophysiology of trunk
varicose veins of the GSV, since insufficient ostia valves can
cause the appearance of these anomalies®™. Another important

Foram realizadas as medidas das variaveis do comprimento
das veias; (didmetro) em suas porg¢oes proximal, média e distal;
quantificacdo do nimero de valvulas nestas e niimero de valvulas
total na veia safena magna.

Resultados: A frequéncia de valvulas da veia safena contadas
desde o epicondilo medial do fémur até o hiato safeno foi de 4,82, po-
dendo variar entre 2 e 9. Além disso, houve diferenca significante do
numero de valvulas da por¢io proximal em relacio a2 média e distal.

Conclusdo: As por¢des média e distal da veia safena magna
na coxa siao as melhores opcdes para a realizacio de pontes em
decorréncia do fato destas porg¢des terem menor quantidade de
valvulas o que, portanto, tenderia a diminuir o risco de compli-
cacgoes relacionadas as valvulas nestes enxertos.

Descritores: Valvulas Venosas. Revascularizacao Miocardica.
Veia Safena.

role of valves, the saphenofemoral junction, for example, is to
prevent the flow of popliteal™®, or femoral veins.

This vein begins above the medial malleolus, ascends
obliquely, and passes postero - medially to the medial condyle
of the tibia and femur and along the medial aspect of the thigh
through the saphenous gapP!. It has numerous valves that are
irregularly distributed throughout its length®l. The GSV has
10 to 12 valves, which are more numerous than the leg at the
thigh. These valves are usually located just below the veins
sections!”). The blood drained by the venous system of the
lower limbs flows back to the heart through the thick veins
and is maintained by unidirectional valves, usually bicuspid,
which close as its contents move toward the center vein®.

Despite extensive surgical application and many works
involving the GSV, the number of existing valves from the
saphenous hiatus to the medial epicondyle of the femur is
further described inaccurately. The objective of this study is
to quantify the valves of the GSV from the saphenous hiatus
until the medial epicondyle of the femur, dividing the GSV into
three regions, comparing the number of valves between them
and indicating the portion with fewer valves, thus determining
the best portion GSV for performing CABG surgeries.

METHODS

In the transversal method and observational study, great
saphenous veins were taken from 30 cadavers during autopsies
at Alagoas Services and analyzed. These veins were exclud-
ed from the corpses with disorders that brought certainty to
the study, namely anemia, varicose veins, previous surgery,
deformities, obesity and mellitus diabetes. After approval
from the Ethics Committee in Research of the Universidade
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Estadual de Ciéncias da Saude de Alagoas (UNCISAL), and
the signing of consent from the statutory bodies responsible,
we measured the lengths of the thighs and their diameters in
their proximal, middle and distal portions. After this, the dis-
section of the GSV by traditional techniques was performed
by making a long single incision along the venous path from
the saphenous hiatus to the medial epicondyle of the femur
(Figure 1). The ends of the veins were labeled with cotton
thread at the proximal long and short on the distal. They were
then identified and stored in a refrigerator.

Fig. 1 — Dissected great saphenous vein.

At The Laboratory of Descriptive and Topographic Anat-
omy of UNCISAL - Macei6 (AL), the measurements of the
variables of the length of the veins were performed; (diameter)
at its proximal, middle and distal portions; quantification of
the number of these valves and the total number of valves in
the VSM. The measurements were made with the aid of tape
measure and caliper manual mechanical METRICA®.

RESULTS

The average number of valves of the saphenous vein taken
from the medial epicondyle of the femur to the saphenous
hiatus is 4.82, and 4.77 in the left leg and 4.87 in the right.
The analysis of the total number of valves in the GSV was
performed by quantitative descriptive analysis with a sample
of 60 veins, this being 30 from the right leg and 30 from the
left, from 30 adult cadavers of both sexes. Of these cadavers,
21 were male and 9 female. All valves were observed to be
bicuspid. The minimum amount found was 2 valves and max-
imum of 9. The average was 4.8167 with a maximum standard
deviation of 1.6518 and minimum standard deviation 0.2132.
The median of each portion is shown in Table 1. The value of
the number of valves that occurred in more proximal portions
was 2 and in other portions, 1. Comparing the mean diameter
(DM) of the portions, it was found that the MD of the proximal
portion of the left saphenous vein was 4.96 millimeters (mm)

and 4.78 mm from the right, the left middle portion was 4.05
mm right and 3.86 mm, DM left distal portion is 3.42 mm and
3.23 mm from the right.

Analysis of the distribution of valves between the portions
of the veins was performed by ANOVA with Tukey post-test. In
both the left and the right, there was no significant difference in
the number of valves between the middle and distal portions.
However, there was significant difference in the number of
valves in the proximal and distal relative to the average.

Analysis of the distribution of valves between the left and
right proximal portions was made by the student’s t test and
no significant result (P (bilateral)=0.64) with a confidence
interval (95%) 0.33 to 0.53. The sample size is 30 for each side.

Analysis of the distribution of valves between the mean
left and right portions was made by the student’s t test, with
no significant result (P (bilateral)=0.88) with a confidence
interval (95%) 0.42 to 0.48.

Analysis of the distribution valve between the left and right
distal portions and was performed by the student’s t test showed
no significant result (P (bilateral)=0.1966) with a confidence
interval (95%) 0.59 to 0.12.

A linear regression analysis of the number of valve relative
to the thigh length, diameter, length of the thigh vein and vein
diameter were not significant (P=0.08), with the multiple cor-
relation coefficient 0.32. No statistical significance was related
to gender (Table 2). The sample size was 21 saphenous veins
in males and 9 in females, with 95 % confidence interval (Diff
between averages): 1.37 to 1.66. The length of the saphenous
vein from the medial epicondyle of the femur to the saphenous
hiatus divided by the number of valves 68 mm in males and
59 mm in females.

Sample distribution and number of valves per age group
are shown in Table 3. The analysis of the distribution valves for
age was performed using Pearson correlation. No significance
was found between age and distribution of valves in both GSV
left (r(Pearson)=0.2651, (P)=0.1567) and in the right (r (Pear-
son)=0.0806, (P)=0.6719).

Table 1. The amount allocated between the portions of the GSV.

Portions

GSV Proximal Medial Distal P-value
Median (ID)  Median (ID)  Median (ID)
Left 2.00 (1.7500)* 1.00 (1.0000)® 1.00 (1.0000)° 0.0004
Right  2.00 (0.0000)° 1.00 (1.0000)¢ 1.50 (1.0000)¢ 0.0016
GSV=Great saphenous vein; ID=Interqualitic Deviation
Table 2. Distribution of the valves in relation to sex.
Gender
GSV Male Female P-value
Average (ID) Average (ID)

Left 5.00 (3.0000) 4.00 (3.0000) 0.84
Right 5.00 (2.0000) 5.00 (2.0000) 0.95

GSV=Great saphenous vein; ID=Interqualitic Deviation
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Table 3. Distribution of, and the number of, valves per age group.

Age range MP n Percent Median (ID)
14.0 |—36.0 25.0 4 13.33 % 4.00 (3.0000)
36.0 |—58.0 47.0 6 20.00% 4.00 (2.2500)
58.0 |—80.0 69.0 9 30.00% 4.00 (2.5000)
80.0—102.0 91.0 11 36.67 % 5.00 (1.7500)

MP=Midpoint of the sample; n=Frequency, ID=Interqualitic
deviation (DIQ) of the sample

DISCUSSION

The consensus is that the best graft for myocardial revas-
cularization is the Magna Saphenous Vein. Among these, the
most used is the left internal thoracic artery. As a second option,
this is widely used for bypass surgeries. The presence of valves
in this vein has not been a deterrent for utilization!"l. The
widespread use of the autologous Saphenous Vein for direct
myocardial revascularization procedures is mainly attributed
to its easy and safe surgical removal, its almost ideal size and
versatility, as well as their biological acceptance!®.

The use of GSV in myocardial revascularization has be-
come a well established method of acceptance in the treatment
of refractory angina and improved prognosis. GSV grafts
remain potent for about 10 years. However, 15% of the first
block and the constant presence of year!'” valves in this vein
has not been a hindrance to usel'4.

The permeability of the greater saphenous vein in the short
and long term depends on several factors, such as high blood
pressure, “distal coronary circulation” intramural ischemia,
and progressive graft atherosclerosis. The human saphenous
vein wall has a thin inner layer, separated from the support by
arudimentary internal elastic membrane. The wall consists of
two distinct layers of muscle cells: a longitudinal inner layer
mixed with collagen bundles and a circular outer layer.

The adventitia is composed mainly of collagen bundles
with scattered longitudinal fascicles of smooth muscle cells.
Near the locations of the venous valves, the longitudinal
layer muscle usually becomes thicker. The main finding
in the histopathological study of GSV grafts is the intimal
fibrosis layer, while in communication; only the longitudinal
muscle layer was surrounded by sclerotic process. Although
these lesions are generally considered to be an aging pro-
cess, statistical analysis reveals that neither the inner or
medial sclerosis is correlated to the age of patients®. Ex-
perimental evidence has shown that intact valves in veins,
when reversed, can cause luminal narrowing, serve as a
source of strength, and generate significant hemodynamic
effects in coronary artery bypass grafts. Indeed, in a recent
study, reversed arterialized vein grafts in an animal model
of atherosclerosis. After 8 weeks, a significant thickening
was observed in the gr afted distal wall of valves when
compared with grafts without valves!'!l. Spray & Roberts!®

reported subendothelial proliferation within a single valve
when reviewing pathological changes in aortal-coronary
grafts. Many of the studies cited in the study showed fibrosis
of the venous valve as a cause of late segmental occlusion
of venous grafts®®.

Considering the characteristics of GSV, Sarzaeem et al.['”
created a scoring system that takes into account the ramifi-
cations, varicosity, diameter and wall thickness of the GSV.
Regarding the number of branches, which are directly related to
the number of valves, GSV were classified as follows: [None,
when there are no significant branches (1 point); Few, if there
are three or less branches (2 points) or multiple, when more
than three branches (3 points)]. In relation to the diameter
when a vein segment is continuous, has an internal diameter
of 3 mm to 5 mm, and progressively increases in proximal
size is classified as normal (1 point). A vein segment with an
internal diameter of more than 5 mm is classified as dilated (2
points). A vein segment with a lower inner diameter of 3 mm
is classified as small (3 points).

Three distinct described pathologic processes are well
known to influence early or late failure of revascularization
with GSV. During the first 30 days after surgery, up to 12 %
of'the grafts can become clogged, which is referred to as acute
graft failure. Between one month and one year, neointimal
hyperplasia (the accumulation of smooth muscle cells and
extracellular matrix in the intimal compartment) can occur.
Although this condition rarely leads to a clinically significant
stenosis, it may provide the basis for developing atherosclerotic
graft. After the first postoperative year, graft failure is delayed
and can occur in the form of graft vascular disease (accelerated
atherosclerosis), which is present in 17% of grafts after 6 years
and in 46% of grafts after 11 years. In this study, 87.7 % of
the grafts were potent at 1 year, similar percentages reported
in other studies!'%.

The GSV has 10 to 12 valves, which are more numerous
in the leg than in relation to the thigh and are usually located
just below the perforated veins!”. The number of valves in the
saphenous vein has been reported to be 8 to 20, with many
being below the knee!®.. Other studies claim that there are be-
tween 7 and 9 valves in the saphenous vein with an average of
3.5 (when above the knee) and 4 on average are located below
the knee!'?. Some authors found between 5 and 11 valves in
the saphenous vein with an average of 5.2 above the knee and
3.8 below the knee!'¥). The latter feature also results closer to
those observed in the results of our research.

The average number of valves in the saphenous vein taken
from the medial epicondyle of the femur to the saphenous nerve
gap is 4.82 valves, but may vary between 2 and 9.

CONCLUSION

We conclude that it is extremely important to know the
segments with the highest number of valves in the saphenous
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vein allowing surgeons, when possible, to have an option to
choose the most appropriate segments; in the average or distal
portion of the saphenous magna vein in the thigh, due to the
smaller amount of valves, therefore, tend to decrease the risk
of complications related to these structures in grafts.

ACKNOWLEDGMENTS

First I thank God for the gift of life, health, love and wis-
dom. The dear teachers Amauri Clemente Rocha, Celio Fer-
nando de Sousa-Rodrigues and Rodrigo Freitas Monte-Bispo
friendship, patience, understanding and essential academic
orientation. To all the people who directly or indirectly contrib-
uted with care and attention during the formation of this work.

Authors’ roles & responsibilities

IBMP Participation in all phases of the experiment, since the
dissection to the writing of article

ILR Participation in all phases of the experiment, since the
dissection to the writing of article

CFSR Participation in all phases of the experiment, since the
dissection to the writing of article

RFMB Participation in all phases of the experiment, since the
dissection to the writing of article

ACR Participation in all phases of the experiment, since the
dissection to the writing of article

REFERENCES

1. Chaux A, Ruan MX, Fishbein MC, Shandhu M, Matloff

4. Caggiati A, Bergan JJ, Gloviczki P, Ekolof B, Allegra
C, Partsch H; International Interdisciplinary Consensus
Committee on Venous Anatomical Terminology.
Nomenclature of the veins of the lower limb: extensions,
refinements, and clinical application. J Vasc Surg.
2005;41(4):719-24.

5. Bosher LP, Deck JD, Thubrikar M, Nolan SP. Role of the
venous valve in late segmental occlusion of vein graft. J
Surgical Res. 1979;26(4):437-46.

6. Spray TL, Roberts WC. Changes in saphenous veins
used as aortocoronary bypass grafts. Am Heart J.
1977;94(4):500-16.

7. Moore HM, Gohel M, Davies AH. Number and location
of venous valves within the popliteal and femoral veins:
a review the literature. J Anatom. 2011; 219(4):439-43.

8. Moore KL, Dalley AF. Anatomia Orientada para a Clinica.
5% ed. Rio de Janeiro: Guanabara Koogan; 2006. p.534.

9. Thiene G, Miazzi P, Valsecchi M, Valente ML, Bortolotti
U, Casarotto D, et al. Histological survey of the saphenous
vein before its use as autologous aortocoronary bypass
graft. Thorax; 1980;35(7):519-22.

10. Sarzaecem MR, Mandegar MH, Roshanali F, Vedadian A,
Saidi B, Alaeddini F, et al. Scoring system for predicting
saphenous vein graft patency in coronary artery bypass
grafting. Tex Heart Inst J. 2010;37(5):525-30.

JM. Influence of vein valves in the development of 11. Tullis MJ, Primozich J, Strandness DE Jr. Detection of
arteriosclerosis in venoarterial grafts in the rabbit. J Thorac “functional” valves in reversed saphenous vein bypass
Cardiovasc Surg. 1995;110(5):1381-9. grafts: identification with duplex ultrasonography. J Vasc
Surg. 1997;25(3):522-7.
2. Lobo Filho JG, Lobo Filho HG, Mesquita FJC, Linhares
Filho JPP. Enxerto composto de artéria toracica interna 12. Gottlob R, May R. Venous Valves: Morphology, Function,
esquerda e veia safena magna: estudo angiografico apos Radiology, Surgery. Vienna: Springer-Verlag; 1986.p.16-24.
oito anos. Rev Bras Cir Cardiovasc. 2010;25(1):118-21.
13. Brett MC, Hopkinson BR. Technique of in situ saphenous
3. Petroianu A. Anatomia cirtrgica. 1* Ed. Rio de Janeiro: vein arterial bypass: can the valves help to locate the major
Guanabara Koogan; 1999. p.721. venous tributaries? Anne R Coll Surg Eng. 1990;72(1):14-7.
568

Rev Bras Cir Cardiovasc | Braz J Cardiovasc Surg



