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Forças mecânicas e veias safenas humanas: implicação na revascularização do miocárdio

Mechanical forces and human saphenous veins:
coronary artery bypass graft implications

Abstract
Vascular endothelial cells are exposed to a variety of in

vivo mechanical forces, specifically, shear stress due to blood
flow, tensile stress from the compliance of the vessel wall
and hydrostatic pressure from containment of blood within
the vessel. Many authors studied hemodynamic, functional
and morphological human saphenous vein alterations caused
by these different forces with conflicting results. This review
was motivated with the specific aim of analyzing published
data and presenting some experimental data from our

laboratory. The adopted review subjects were: 1) Endothelial
response and gene regulation to shear stress; 2) Effects of
hydrostatic pressure on the endothelial cell morphology, gene
expression of the endothelial cellular surface and
proliferation of endothelial cells; 3) Effects of traction on the
human saphenous vein endothelium.

Descriptors: Endothelium. Saphenous vein. Nitric oxide.
Myocardial revascularization.
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Remodeling dependence in the presence of intact
endothelium and morphologic fluctuations reflect “shear
stress” suggesting that the endothelium is a sensor of the
local mechanical forces of fluids. The non-random
distribution of atherosclerotic lesions observed in human
patients and experimental projects, implicate the local
hemodynamic forces as crucial factors in the development
of this disease. Thus, hemodynamic forces are important
stimuli of the vascular endothelium, playing a pivotal role in
physiological and pathological processes (atherosclerosis,
hypertension, thrombosis).

Many authors have studied the hemodynamic, functional
and morphological alterations in saphenous veins when
submitted to in vivo or in vitro arterial graft conditions.
These studies follow several lines of research and frequently
present with conflicting results. This review was motivated
with the specific aim of analyzing published data and
presenting some results of experiments carried out in our
laboratory.

MECHANICAL FORCES THAT ACT ON THE
VASCULAR INTIMA

 Vascular endothelial cells are exposed to a variety of in
vivo mechanical forces, specifically, shear stress due to blood
flow, tensile stress from the compliance of the vessel wall
and hydrostatic pressure from containment of blood within
the vessel.

The effects of the hydrostatic pressure have only
recently received attention, but results of several studies

INTRODUCTION
 
The effectiveness of coronary artery bypass grafting

(CABG) was established by three great studies: European
Coronary Surgery Study Group, Veterans Administration
Coronary Artery Bypass Surgery Cooperative Study Group
(VA) and Coronary Artery Surgery Study Group (CASS).
These three studies established the superiority of the direct
myocardial revascularization subgroups of patients with
coronary arterial disease. The time-course follow-up of
patients selected in these three studies showed that the
benefits of surgical treatment compared with the benefits of
clinical treatment decreased as time goes by. What was
expected with CABG as a solution to treat coronary disease
was frustrated by the longevity of saphenous bypass grafts.

It is known that the patency of saphenous vein grafts is
inferior to arterial grafts. This is due, in part, to the fact that
the normal saphenous vein wall has different structural and
functional characteristics, which may be affected by high
pressures mainly during vein preparation and its insertion
in the arterial system. When implanted in the arterial
circulation, a venous graft changes from a low-flow, non-
pulsatile system at a low pressure to an ambient of pulsatile
flow with high pressure and shear stress forces under
significant hemodynamic changes. These hemodynamic
alterations may be, at least in part, responsible for short-
and long-term functional and morphological saphenous vein
injuries that cause intima layer hyperproliferation followed
by atheromatous changes that contribute to early graft
thrombosis.

Resumo
As células endoteliais vasculares estão expostas a uma

variedade de forças mecânicas in vivo, resultantes do fluxo
sangüíneo pulsátil. Dentre essas forças, destacam-se: forças
de cisalhamento, tangenciais à parede do vaso, produzidas
pelo atrito com o fluxo sangüíneo viscoso, tensão de
complacência da parede vascular e a pressão hidrostática do
conteúdo sangüíneo no interior da vasculatura. Diversos
autores estudaram as alterações hemodinâmicas, funcionais
e morfológicas em veias safenas humanas causadas por esses
tipos de forças com resultados conflitantes. A motivação dessa

revisão foi analisar dados da literatura e alguns dados
experimentais do nosso laboratório. Os aspectos revistos são:
1) Respostas endoteliais e regulação gênica causadas pelo
shear stress; 2) Efeitos da pressão hidrostática na morfologia
da célula endotelial, expressão gênica da superfície celular
endotelial e proliferação das células endoteliais, 3) Efeitos
da tração no endotélio de veias safenas humanas.

Descritores: Endotélio. Veia safena. Óxido nítrico.
Revascularização miocárdica.
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suggest that the responses of endothelial cells to
hydrostatic pressure differ from those of shear and tensile
stress.

These studies demonstrate that exposure of both bovine
and human endothelial cells to sustained pressures,
stimulates cell proliferation and alters cellular morphology,
evidenced by cell elongation (without predominant cell
alignment) concomitant to cytoskeletal reorganization [1-
4]. Additionally, exposure of human endothelial cells to
sustained pressures does not alter basal surface expression
of intercellular adhesion molecules (ICAM-1), vascular cell
adhesion molecules (VCAM-1) E-Selectin, CD31, or p96 [5].
These results are in contrast to the upregulation of ICAM-
1 and the downregulation of VCAM-1 and E-Selectin [6]
induced in endothelial cells by laminar “shear stress”.

 
ENDOTHELIAL RESPONSES TO SHEAR STRESS IN

VITRO

 Evidence of the direct action of hemodynamic forces on
the endothelial structure and its function were observed in
in vitro studies in which human and animal endothelium
cells were subjected to defined mechanical forces [7-9].
Results of these experiments imitate the in vivo response of
the endothelium to different shear forces. Cells exposed to
unidirectional “shear stress” elongated and became aligned
in the direction of the laminar flow, changes that were
accompanied by the formation of stress fibers and
redistribution of actin fibers and microtubules. Under non-
laminar forces, these cells become polygonal, without any
specific alignment. The stress from laminar flow leads to
exhaustion of the cellular cycle, while low levels of turbulent
flow for periods of at least 3 hours activated the cellular
cycle, but without evidence of cellular retraction or damage
[10-12].

Response to “shear stress” begins immediately after the
beginning of flow when sharp changes in the structure of
the membrane, organization of the cytoskeleton and
composition or even phosphorylation of adhesion proteins
were observed [13-15]. This response continues with
modifications in the activity and distribution of ionic
channels across the endothelial cellular membrane [13,16],
alterations in the intracellular calcium [16-18] as well as
activation and phosphorylation of many signaling molecules
including G proteins, MAP kinase and Erk [19,20]. Other
immediate responses, such as the production
of arachidonate metabolites and vasoactive mediators, are
also detected [7,21-23]. Most of the immediate responses
do not require protein synthesis and seem to involve
regulation at the level of the enzymes or substratum
availability.

Later responses (minutes to hours after the beginning

of flow) include up- and down-regulation of endothelial
molecules, many of which are key components of
physiological or even pathological effector systems found
in the vascular endothelium, that modulate thrombosis and
hemostasis, vascular tonus, vascular growth and
inflammatory reactions. What was verified is the fact that
many of the molecules are regulated at the gene expression
level, providing a useful paradigm for the investigation of
gene regulation by biomechanical forces.

EFFECTS OF HYDROSTATIC PRESSURE ON
ENDOTHELIAL CELL MORPHOLOGY

Cell morphology is a dynamic participant in, and indicator
of, cellular function. Alterations in the cellular morphology
are associated with cellular differentiation, proliferation,
migration and cell-cell interactions [24]. In vivo vascular
endothelial cells are elongated and aligned in the direction
of the blood flow. However, in blood vessels, where flow is
disturbed, these cells are rounded and present with
‘cobblestone’ morphology [25]. The cells of capillary vessels
are flattened and single cells are organized around the vessel
to form its lumen. In the angiogenesis process, endothelial
cells undergo several morphological alterations in order to
form new, small blood vessels; specifically, cells at the site
of a new capillary elongate and then migrate, invading the
extracellular matrix which originally surrounded the vessel
wall [26]. Furthermore, initiation of either apoptosis or
proliferation is regulated by the degree of cell extension and
is independent of the total area of focal adhesion per cell.
However, a synergistic effect exists between the total cell
area and adhesive proteins on the cell surfaces, so that cells
with surfaces with fibronectin and type I collagen are more
susceptible to apoptosis than cells with vitronectin [27].
Thus, even though it is an important phenomenon related
to its own origin, the morphologic alterations that happen
when the cells are exposed to pressure may contribute to or
even control changes in cellular function, such as an
increment in cellular proliferation and changes in cellular
protein expressions.

In vitro exposure of bovine and human endothelial cells
to sustained pressures of 1.5-109 cm H2O for 1-9 days results
in cell elongation without any predominant cellular alignment
[1-4]. These changes in cell shape are accompanied by
concomitant reorganization of the cell cytoskeleton. In
particular, endothelial cells submitted to pressure lose their
outlying characteristics of actin band and reorganize internal
regions of the cytoskeleton to a web-like matrix of an aligned
array of thick parallel stress fibers [1-4]. In addition, the
cytoskeleton reorganizes from a single plane of cells
maintained under controlled conditions to a multilayered
structure after exposure to pressure. The number of layers
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(up to 5 distinct planes with 10 cm H2O) as well as the
thickness of individual fibers depends on the magnitude
and duration (1-7 days) of the applied pressure [3].

The changes in cell and cytoskeletal morphology that
occur while endothelial cells are exposed to sustained
hydrostatic pressure are similar to the changes observed in
angiogenesis and during other cellular proliferation events.
It is interesting to note that cell elongation and cytoskeleton
alignment are similar to those of early angiogenesis.
Furthermore, cell elongation (without predominant cell
alignment) observed during exposure of endothelial cells to
pressure is similar to the morphological changes observed
during exposure to “shear stress” due to turbulent fluid.
This mechanical force is also associated with increased cell
proliferation and to morphological changes that result from
controlled cell spreading that inhibits apoptosis and initiates
endothelial cell proliferation in vitro [27]. Thus, the
morphological changes that occur following exposure of
endothelial cells to pressure suggest that these cells exhibit
an active proliferative phenotype.

 
EFFECTS OF TRACTION ON THE HUMAN

SAPHENOUS VEIN (HSV) ENDOTHELIUM

 In in vitro experiments, HSV segments were stretched
lengthwise demonstrating that this increases the
metalloproteinases expression – enzymes that degrade the
extracellular matrix – and the receptors of these enzymes, as
well as stimulating cell proliferation, especially in the
adventitia [28]. Growth factors and metalloproteinases act
together favoring neointima formation. Metalloproteinases
degrade the extracellular substance in which smooth muscle
cells are soaked and release the support that maintains them
in a latent state, at a low replication rate, thus facilitating
their proliferation and migration. It was observed that
increased metalloproteinases activity coincides with smooth
muscle cell proliferation and neointima formation in sheep
SV grafts implanted into the carotid artery circulation [29]. 

HSV is submitted to a certain manipulation during its
harvesting and implant as grafts, such as its distention by
high pressure saline solution to locate collateral branches
and tie them and to select the segments that will be used as
grafts. In HSV distended experimentally at the same pressure
that is used in surgeries prior to selecting the segment to be
implanted (350 mmHg for 2 minutes), an increase of the RNA
messenger expression has been described for genes that
induce cell growth factors [30]. The inhibition of the
expression of these genes in segments of sheep SV, before
implanting as grafts in the carotid artery, reduces neointima
formation in the first months after the procedure [31].

 A recent investigation, using segments of HSV during
minimally invasive harvesting, evidenced impaired

endothelial function. It was concluded that the possible
cause of endothelial dysfunction could be due to traction
lesions [32].

 ENDOTHELIAL GENE REGULATION CAUSED BY
SHEAR STRESS

 Remodeling of blood vessels accompanies physiological
and pathological processes such as angiogenesis and
vasculogenesis, atherosclerosis, hypertension and
restenosis. Vessel remodeling occurs in response to both
biochemical and biomechanical stimuli, and it has been
demonstrated to be independent of the presence of an intact
endothelial layer. Because of their anatomical position,
endothelial cells are constantly exposed to hemodynamic
forces generated by the blood flow, forces that consist of
the stress of fluid, shear stress, cyclic strain and pressure.
These forces affect structure and function of endothelial
cells, changes that are often mediated by the induction or
inhibition of endothelial genes.

Recently some endothelial genes have been identified
as regulators of these hemodynamic forces. These “shear
stress” response elements (SSREs) bind to transcription
factors, including nuclear factors kappa B (NFkapaB) and
ATc2 (NFATc2), and the Sp1, Fos and Jun transcription
factors, which are activated by hemodynamic forces.

EFFECTS OF HYDROSTATIC PRESSURE ON THE GENE
EXPRESSION OF THE ENDOTHELIAL CELL SURFACE

 In addition to the morphologic and cytoskeletal changes,
exposure of endothelial cells to sustained pressure may alter
the basal or stimulated expression of cell surface antigens
such as á5á1 and E-selectin (CD62E), a cytokine-induced
adhesion molecule which is thought to play a role in
leukocyte trafficking and in angiogenesis. Integrin 51 plays
a role in cell-cell and cell-matrix interactions as well as in the
transduction of mechanical stimuli in endothelial cells.
Exposure of bovine aortic endothelial cells to 52 cm H2O
pressure for periods of 12-48 hours results in increased
clustering of vinculin, talin and integrin 5 in focal adhesion
plaques, in laminin and collagen type IV fibril thickening in
the extracellular matrix, and in increased deposition of the
fibronectin and laminin (but not vitronectin) in the
extracellular matrix [33]. Exposure of human umbilical vein
endothelial cells to 4 cm H2O sustained pressure for one
day does not affect the basal cell surface expression of
intercellular adhesion molecule-1 (ICAM-1 or CD54),
vascular cell adhesion molecule1 (VCAM-1 or CD106), E-
Selectin (CD62E) or CD31 and platelet-endothelial cell
adhesion molecule (p96) [5]. However, exposure of human
umbilical vein endothelial cells to pressure does appear to
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either prolong or enhance the E-Selectin expression that
occurs following contact of these cells to 100 ng/mL of E.
coli lipopolysaccharide [4].

 EFFECTS OF HYDROSTATIC PRESSURE ON THE
PROLIFERATION OF ENDOTHELIAL CELLS

 Most endothelial cells in vivo exhibit a very low turnover
rate (<1 cell division/year). Endothelial cell proliferation,
however, is observed under a number of normal
physiological conditions including wound healing,
embryogenesis and ovulation. In addition, a number of
pathological states, including glaucoma-induced retinal
microangiopathy, rheumatoid arthritis and solid tumor
growth are associated with increased endothelial cell
proliferation. Interestingly, these pathologies (as well as
wound healing) are also associated to localized elevations
of hydrostatic pressure.

The in vivo association between increased hydrostatic
pressures and increased endothelial cell proliferation may
be only incidental, although a causal relationship cannot be
excluded. A possible link is suggested by in vitro studies
from several laboratories which have demonstrated that
exposure of bovine, porcine and human endothelial cells to
sustained hydrostatic pressures in the range of 1.5 - 260 cm
H2O for periods of 1 to 9 days stimulates endothelial cell
proliferation and loss of contact-inhibited growth, leading
to multiple-layering.

DISCUSSION

 The great saphenous vein continues to be the most
common graft together with the pediculated internal thoracic
artery for CABG, even after considering the advantages of
arterial grafts that are adapted to pressure and present with
better long-term results. This adaptation depends on the
endothelium paracrine function that, on releasing
vasodilator and anti-platelet substances prevents spasms,
thrombosis, and proliferation and, even protects against
atherosclerotic mechanisms.

Many studies have investigated the reasons for the
functional inferiority of the saphenous vein, attributing great
importance to possible traumatic and/or functional lesions,
during its harvesting and preparation for revascularization.
Once harvested, the vein is cannulated, gradually
pressurized to locate and tie collateral branches previously
not identified. Patency rates may be associated to vein
lesions during its harvesting and preparation [34-37].
Although there are proven functional advantages of minimal
manipulation techniques of vein grafts (“non-touch”
techniques), cannulation and vein pressurization, due to its
practicality, is still an almost universal practice.

In the 1960s and 1970s morphologic injuries, not only of
the endothelium but also of the other vein wall layers, were
clearly established. In these studies vein pressurization
would be a prohibitive practice that was not observed in the
evolution of CABG. Hence, a great challenge was to discover
to what point the morphologic lesions caused by
pressurization were associated to functional lesions. In other
words, does a “functional barotrauma” exist in these
pressurized veins?

In the 1990s, working in the Mayo Clinic (Rochester,
MN), we verified that in vivo infusions of cardioplegic
solution (above 600 mmHg), did not induce endothelial
dysfunction (in vitro study using “organ chambers”) based
on a non-significant decrease in nitric oxide release in normal
canine coronary arteries [37].

 Another investigation of our laboratory, which is maybe
the one with the best design protocol, was carried out to
study the relationship between the degree of vein distention
pressure and the level of structural, biochemical and
functional lesions of human saphenous vein vascular wall.
In this study, segments of human saphenous vein were
inflated using pressures of from 100 to 300 mmHg before in
vitro vascular reactivity studies in organ baths. Apart from
functional studies, structural lesions were evaluated by high
resolution microscopy and by NOS immunohistochemistry
expression.

Segments of saphenous vein distended using a pressure
of 100 mmHg maintained their functional capacity to
potassium chloride (90 mmol/L) and phenylephrine (10-6
mol/L), but those pressurized to 300 mmHg lost their
reactivity to the same pharmacologic agents. Veins distended
with 300 mmHg also had endothelium-dependent relaxation
impairment to acetylcholine (10-10 to 10-6 mol/L) and
bradykinin (10-10 to 10-6 mol/L). Quantitative studies of
structural endothelial injury were apparent when a pressure
of 300 mmHg was used, but endothelial cells maintained
strong immunohistochemistry staining for endothelial
syntheses. Unlike veins submitted to 100 mmHg, veins
pressurized to 300 mmHg showed great areas of nude
endothelium. This study concluded that distention of
saphenous veins at pressures equivalent to high arterial
blood pressures in humans, results in structural and
biochemical alterations of the endothelium that are not
associated to immediate functional alterations. In other
words, the endothelium presents a great functional reserve.

During an investigation of HSV, data were collected on
the effect of mechanical forces on endothelial function. The
arterial circulation consists of muscular and elastic vessels
with large diameters as well as arterioles and pre-capillary
vessels, constantly exposed to hemodynamic forces that
vary greatly in size, frequency and direction. These forces
consist of pressures acting on the vascular wall, creating a
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cyclical effort, and “shear stress” acting along the vessels.
This “shear stress” creates a shear force on the endothelium
surface.

When saphenous veins are inserted in the arterial
circulation they suffer the action of these physical
phenomena. Additionally, traction forces affect the
functionality of the veins. But, the design of our ongoing
laboratory investigations were just centered in the
hydrostatic pressure generated by the infusion of
physiological Krebs solution as occurs during the
harvesting and preparation of the saphenous veins. The
studied vein segments all originated from the saphenous
vein close to the internal right leg malleolus. These veins
were manipulated little; they did not present with varicosity
or macroscopic inflammatory reactions. They were not
initially pressurized nor did they come in contact with any
vasodilator drugs. We studied twenty veins from different
patients, a situation subject to criticism, but we believe this
is a reasonable number “to dilute” the extreme variability of
vessels from patient to patient. There is one possible bias,
which is the use of the same initial vein segment with the
possibility of variations in endothelial function in different
regions of the harvested vein. This possible bias was
removed by a recent Texas Heart Institute publication which
stated that, in vitro saphenous vein studies using
acetylcholine and sodium nitroprusside did not reveal
functional differences between saphenous vein segments
of the thigh and the initial segment of the leg [38].

Our main results were 1) from a 200 mmHg pressurization,
a tendency to decrease CD34 expression was observed which
became statistically significant at 300 mmHg (Figure 1); 2)
high resolution microscopy did not reveal differences in the
endothelium intimal surface in respect to the percentage cover,
perimeter or external and internal diameters.; 3) a non-
significant increase in eNOS expression was seen at 100 mmHg
with a tendency to decrease at 200 mmHg becoming significant
at 300 mmHg; 4) the eNOS expression in the smooth cell muscle
was equivalent to the endothelial expression and did not suffer
any effect with pressurization (Figure 2); 5) there was no
significant nNOS expression  in either the endothelium or
smooth muscle; 6) there was no significant iNOS expression
in the endothelium of the vein unlike in the smooth muscle
that showed the expression of this enzyme to be unaffected
by the experimental pressurizations (Figure 3); 7) the
nitrotyrosine expression was insignificant; 8) there was a
decrease of MDA in the veins submitted to pressures of 300
mmHg; 9) there were no changes in nitrite/nitrate in the vein
tissue as measured by chemiluminescence, and; 10) the in
vitro vascular reactivity (contractions and relaxation) was
not significantly affected by pressure.

In this research line an excellent experimental paper was
published by the group of the Heart Institute of the Hospital

of Clinics - FMUSP (INCOR). Forty sections of SV were
cultivated “ex-vivo” under venous hemodynamic conditions
(VHC) (without pressure; flow: 5 mL/min) and under arterial
hemodynamic conditions (AHC) (pressure: 80 mmHg; flow:
50 mL/min). The following variables were analyzed: cellular
viability (MTT assay) cellular density (Hoeschst 33258
staining) and apoptosis (TUNEL assay), before the
procedure and 1, 2 and 4 days after. Analysis of the SV
sections by “cDNA microarray” determined precociously
changed molecular targets in the veins cultivated under
arterial conditions.

Fig. 1 - Immunohistochemical expression of CD 34 (n=20, ANOVA,
p < 0,05). Asterisk indicates statistically significant difference

Fig. 2 - Immunohistochemical for eNOS. The arrows indicate the
almost the eNOS expression in the endothelium of the saphenous
vein and the asterisks indicate regions of eNOS expression in the
vascular smooth muscle (400x)
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The identification of these targets was achieved using a
RNA homogenized pool of vein sections, interacting on
slides with 16,000 pre-determined human genes (Agilent
Technologies slide). Genes with changed expressions were
verified by real time PCR in the veins of 16 patients. There
was a gradual reduction in the cellular density and in the
tissue viability of saphenous veins cultivated under AHC,
whereas no alterations were observed in saphenous veins
cultivated under VHC for up to 4 days. In the AHC Group
there were signs of a cellular apoptotic process (positive -
TUNEL) from the first day after cultivation. In the VHC group
these alterations were not observed. Although the cellular
density was the same in veins submitted to arterial
conditions after 24 hours of cultivation, many cells already
showed signs of the apoptotic process. The Oncogene 3
and the Interleukin 1ß were the most common sites with
alterations identified in this research. The Oncogene 3
expression was elevated in 11 (68.7%) of the veins cultivated
under AHC, and the Interleukin 1ß expression was elevated
in 9 (56.2%) vein sections (p<0.05). The “ex vivo” study
model was able to mimic events that occur “in vivo” with
SVs utilized in coronary artery bypass grafting. In the AHC
Group early loss of cellular viability (apoptosis) and
significant elevation in the Oncogene 3 and Interleukin 1ß
genic expressions were observed. The long-term follow up
of these patients is important to determine the real effect of
these immediate changes in the patency of vein grafts [39].

By comparing human saphenous veins obtained by
conventional techniques and “non-touch” techniques, the
literature shows a reduction of the eNOS expression and
NO release impairment in veins that were handled more during
extraction/dissection [40,41]. The immunohistochemistry
data of our investigations confirm this eNOS expression
impairment for the most manipulated saphenous veins. A

Fig. 3 - Immunohistochemical of iNOS. The arrows indicate the
almost null expression of iNOS in the endothelium of the saphenous
vein and the asterisk indicates an exuberant expression of iNOS in
the vascular smooth muscle (100x)

comparison between minimally handled saphenous veins
with veins removed by the conventional technique would
be interesting, keeping the pressurization at levels under
100 to 150 mmHg.

In our investigations only immunohistochemistry data
was able to conclude excessive saphenous vein distension
results, without any doubt, in endothelial function
impairment. Our experimental observations revealed that
pressurization of up to 300 mmHg does not affect the
saphenous vein from the pharmacologic point of view, and
the in vitro vascular reactivity. It causes endothelial
dysfunction (CD34), does not generate free radicals by lipid
peroxidation (normal MDA and negative expression of
nitrotyrosine), it does not affect the nitrite/nitrate tissue
levels and it can act as inflammatory stimuli (iNOS expression)
in the vascular smooth muscle. That allows speculation that,
over a short period injury does not occur to saphenous
veins removed and pressurized with great caution. But,
surgical manipulation somehow creates a type of “molecular
scar” that can affect, over varied periods of time, the coronary
vein graft patency.

Our investigations, as already mentioned, are maybe the
most complete ever performed, confirming the subjective
impression that the factors that cause coronary artery bypass
occlusion play an arduous endothelial duel; “dynamiting
our bridges”. At the beginning of the vein segment
transposition to the arterial territory of great resistance with
the functional specialization of its wall, is an “announced
death” within an unpredictable time.

To conclude this review, it is mandatory to mention a
fundamental book that treats, specifically, the mechanical
force’s action on the endothelium. It is a book edited by
Lelkes in 1999, which has been a kind of “Bible” for the
investigations in our laboratory, and it was the basic text
used for the current review [42].
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