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ABSTRACT
Background: Arteries, veins, and lymphatic vessels are distinguished by structural differences that correspond to their
different functions. Each of these vessels is also deﬁned by speciﬁc molecular markers that persist throughout adult life;
these markers are some of the molecular determinants that control the differentiation of embryonic undifferentiated
cells into arteries, veins, or lymphatics.
Methods: This is a review of experimental literature.
Results: The Eph-B4 receptor and its ligand, ephrin-B2, are critical molecular determinants of vessel identity, arising on
endothelial cells early in embryonic development. Eph-B4 and ephrin-B2 continue to be expressed on adult vessels and
mark vessel identity. However, after vascular surgery, vessel identity can change and is marked by altered Eph-B4 and
ephrin-B2 expression. Vein grafts show loss of venous identity, with less Eph-B4 expression. Arteriovenous ﬁstulas show
gain of dual arterial-venous identity, with both Eph-B4 and ephrin-B2 expression, and manipulation of Eph-B4 improves
arteriovenous ﬁstula patency. Patches used to close arteries and veins exhibit context-dependent gain of identity, that is,
patches in the arterial environment gain arterial identity, whereas patches in the venous environment gain venous
identity; these results show the importance of the host inﬁltrating cells in determining vascular identity after vascular
surgery.
Conclusions: Changes in the vessel’s molecular identity after vascular surgery correspond to structural changes that
depend on the host’s postsurgical environment. Regulation of vascular identity and the underlying molecular
mechanisms may allow new therapeutic approaches to improve vascular surgical procedures. (J Vasc Surg 2018;-:1-10.)
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The structural differences that deﬁne vessels as arteries,
veins, or lymphatics are well established.1 The molecular
identity of arteries, veins, and lymphatics is determined
as the circulatory system develops during embryogenesis. Until recently, vessel identity was thought to arise
in response to hemodynamic factors generated by the
developing heart as it begins to establish pulsatile blood
ﬂow; however, molecular determinants of vessel identity
are present before the ﬁrst heartbeats,2 and therefore
molecular markers of vessel identity are now thought
to be not just passive markers but determinants of
vascular identity.3,4 In mice, venous-speciﬁc extracellular
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receptors, signaling proteins, and transcription factors
are found exclusively on venous endothelium beginning
as early as embryologic day 9 (E9.0), whereas arterialspeciﬁc markers have been described as early as day
E8.5.5,6 Lymphatic vessels, which bud from veins, express
lymphatic markers by E9.0.7
Vessel identity is established during embryogenesis
and the molecular markers are retained on vessels
throughout adult life; however, expression of molecular
markers changes after some procedures performed by
vascular surgeons, such as venous bypass, arteriovenous
ﬁstula (AVF) creation, or patch angioplasty.8-13 In addition,
some vascular pathologic processes, such as arteriovenous malformations and Kaposi sarcoma, are also characterized by mutations or aberrant expression of
vascular markers of identity.14,15 This review focuses on
molecular markers of vessel identity and their importance in human vascular biology and pathology.

VASCULAR DEVELOPMENT: A BRIEF OVERVIEW
Vasculogenesis. During early embryogenesis, blood
vessels are derived from mesoderm in the two-step
process of vasculogenesis. At approximately day E6.5 (in
mice), the mesoderm differentiates into hemangioblasts
that give rise to two different cell populations: hematopoietic precursor cells and endothelial precursor cells.16,17
The endothelial precursor cells then associate with each
other to form blood islands that further coalesce into
capillary-like vessels as well as the dorsal aorta by E9.0
(Fig 1, A).18-21 The critical factor initiating vasculogenesis is
vascular endothelial growth factor (VEGF)2; by day E7.0,
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Fig 1. Vasculogenesis, angiogenesis, and arteriogenesis. A, Vasculogenesis is the process by which embryonic
mesoderm differentiates into endothelial cell and angioblast precursors to form the primitive capillary plexus. B,
Angiogenesis describes the growth of new vessels from pre-existing vessels; vessels bud toward angiogenic signals
including vascular endothelial growth factor (VEGF); budding tip cells are shown in green. This process occurs
during embryogenesis as well as later in life. C, Arteriogenesis is the process of vessel dilation and remodeling. In
patients suffering chronic ischemia, arteriogenesis occurs in existing collateral vessels (denoted by the blue star)
and does not involve the growth of new vessels. VEGFR-2, Vascular endothelial growth factor receptor 2.

the VEGF receptor 2 (VEGF-R2) is found exclusively on
endothelial cell precursors lining the blood islands.22,23
The main product of vasculogenesis is the primitive
capillary plexus that further remodels as the embryo
grows.16 Vasculogenesis occurs only during embryogenesis and not during normal adult life. After the primitive
capillary network forms during vasculogenesis, vessel
differentiation and reorganization into networks of
arteries, veins, and lymphatic vessels are necessary for
embryonic viability. Further development of the mature
circulatory system requires angiogenesis.
Angiogenesis. As the embryo grows, tissues rapidly
increase in volume and outgrow their blood supply.
Therefore, the primitive capillary network must remodel
and expand to meet oxygen demand using a sprouting
process called angiogenesis. Angiogenesis occurs during
embryogenesis, but unlike vasculogenesis, angiogenesis
continues throughout adult life.24
Sprouting of new vessels occurs in response to signals
released from oxygen-deprived tissues. Hypoxiainducible factor 1a (HIF-1a) induces sprouting of new
capillaries from existing vessels (Fig 1, B).16 VEGF directly
stimulates sprouting by interacting with VEGF-R2 on

the cells, stimulating the tip cells, that is, the leading
sprouting vessel25,26; tip cells are derived from endothelial cells in existing vessels and grow into the surrounding
tissue to form a weblike capillary plexus that is then
pruned.24,27,28 The molecular characterization of sprouting is not completely understood. For example, the tip
endothelial cells that form both venous- and arterialderived capillaries may both originate from veins.27
Arterial sprouts are more responsive to VEGF than venous
sprouts are; however, venous endothelial cells proliferate
more rapidly than arterial endothelial cells within the
sprouting capillaries.27,28 VEGF also mediates intussusception, that is, splitting of a vessel, during angiogenesis,
effectively increasing the area of a capillary bed and its
oxygen-diffusing capacity.29
Arteriogenesis. Arteriogenesis is the dilation and
remodeling of pre-existing small arteries or capillaries
into collateral vessels capable of supporting increased
blood ﬂow.30,31 Arteriogenesis is fundamentally different
from angiogenesis and vasculogenesis; whereas vasculogenesis and angiogenesis are the processes by which
new vessels are formed, arteriogenesis is the remodeling
of existing vessels. During embryogenesis, arteriogenesis
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requires differentiation of the mesoderm that surrounds
existing arteries to participate in the establishment of a
larger vessel.32,33 The vessel media is then restructured in
a process requiring inﬂammation32; smooth muscle cells
(SMCs) secrete factors such as transforming growth factor b and platelet-derived growth factor (PDGF) subunit B
to establish a thicker media.32 In adults, arteriogenesis
occurs when collateral vessels are recruited to increase
blood ﬂow to chronically ischemic tissues (Fig 1, C). Like
angiogenesis, the process of arteriogenesis occurs
throughout adult life.

VASCULAR IDENTITY
Ephs and ephrins. The erythropoietin-producing hepatocellular (Eph) receptor family is the largest family of
receptor tyrosine kinases in humans.34 Receptor tyrosine
kinases are cell surface molecules that initiate intracellular signaling cascades after stimulation by ligands, such
as the growth factors VEGF and transforming growth
factor b.35 Eph receptors are classiﬁed into two groups,
Eph-A and Eph-B, depending on the ligands that bind
to them; the ﬁve Eph-B receptors (Eph-B1-4 and 6)
are stimulated by ephrin-B transmembrane ligands,
whereas the nine Eph-A receptors (Eph-A1-8 and 10)
are stimulated by ephrin-A glycosylphosphatidylinositolanchored ligands.36 The ephrin ligands and Eph
receptors are frequently found within the nervous system
but also serve as the canonical markers of vessel
identity.37
Eph-B4 is of particular interest to vascular biology
because it is located preferentially on venous endothelium, beginning by day E9.0 in mice (Table I).5,6,38 In addition, the Eph-B4 receptor binds only a single ligand,
ephrin-B2, which is somewhat unusual among Eph
receptors that frequently bind multiple ephrin
ligands.39 The ligand ephrin-B2 is found preferentially
on arterial endothelium (Table I).5,6 It appears slightly
earlier than Eph-B4 in embryogenesis, at E8.5 in mice.5
Throughout adult life, ephrin-B2 and Eph-B4 remain
segregated to arterial or venous endothelium,
respectively.11
Activation of ephrin-Eph signaling is particularly interesting in molecular biology and may be a consequence
of the ligand ephrin’s location on the cell surface rather
than its being a soluble small molecule. Ephrin-Eph
signaling can be bidirectional; in addition to the typical
forward signaling through the Eph receptor, there can
also be reverse signaling though the ephrin-B ligand,
thus generating signals into two different neighboring
cells (Fig 2).40 Generation of signals in two different directions is crucial for vascular development during embryogenesis and is necessary for establishment of both
arterial and venous fate.41 Furthermore, Eph-B4 is located
in cell surface regions called caveolae, suggesting
another function as a sensor for mechanical forces.42
Eph receptors are also activated in clusters rather than

as single receptors.43-45 Eph receptor density can affect
its function, with activation in the context of high Eph receptor density inducing cells to move away from each
other, whereas activation in lower density promotes cell
adhesion.46

MARKERS OF VASCULAR IDENTITY
Veins
Chicken ovalbumin upstream promoter transcription
factor II (COUP-TFII). The default pathway for vessel identity is venous differentiation: in the absence of a signal, a
vessel will become a vein (Fig 3). COUP-TFII is a transcription factor expressed only in venous endothelial cells,
beginning at E8.5 in mice.47,48 COUP-TFII induces Eph-B4
expression in veins.48 COUP-TFII also suppresses the arterial phenotype; knockout mutants of COUP-TFII express
arterial markers on venous endothelium.48 Suppression of
arterial markers like ephrin-B2 occurs through direct
inhibition of Notch by COUP-TFII.49 COUP-TFII also stimulates expression of the antiatherogenic gene tissue
plasminogen activator while decreasing expression of
proatherogenic genes, such as plasminogen activator inhibitor type 1, thrombospondin, and PDGF-b.50 Expression
of COUP-TFII is regulated by the brahma-related gene 1
(BRG1), which is an adenosinetriphosphatase integrated
within an adenosine triphosphate-dependent chromatin
remodeling complex.51 BRG1 binds to COUP-TFII promoter regions to induce DNA remodeling, allowing the
transcriptional machinery to reach the COUP-TFII gene;
however, COUP-TFII expression is likely also regulated by
other unknown factors.48
Eph-B4. Eph-B4 is the principal marker of venous identity. Endothelial cells destined to become veins can be
identiﬁed as early as day E9.0 by their expression of
Eph-B4. Eph-B4 remains on the venous endothelium
throughout adult life (Table II).9,52,53 Eph-B4 forward
signaling is stimulated by its ligand ephrin-B2, resulting
in autophosphorylation of Eph-B4 intracellular tyrosines
and recruitment of additional signaling molecules,
thereby transmitting a signal into the cell.37,40 Eph-B4
activation increases expression of adhesion molecules
such as integrin in cancer cells, allowing invasion of
surrounding tissues.54 Because knockdown of Eph-B4
increases expression of myosin VI and matrix metalloproteinase 12,54 and increased plasma level of matrix
metalloproteinase 12 is associated with increased
incidence of large-artery atherosclerosis and stroke,55 it is
interesting to speculate that Eph-B4 maintenance of
venous phenotype may be associated with less atherosclerosis and associated disease progression in veins
compared with arteries.
Arteries
VEGF-R2. The growth factor VEGF and one of its
receptors, VEGF-R2, are crucial for initiation of vasculogenesis, as described before. In addition, VEGF-A, an
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Table I. Molecular markers of vessel identity arise early in embryogenesis
Vessel
Vein

Artery

Lymphatic

Embryologic daya

Function

BRG1

9.0

Transcriptional activator

COUP-TFII

9.0

Transcription factor

Eph-B4

9.0

Membrane receptor

VEGF-R2

7.0

Membrane receptor

Notch

7.5

Transcription factor

Ephrin-B2

8.5

Membrane receptor

Sox18

9.0

Transcription factor

Prox1

9.5

Transcription factor

VEGF-R3

8.5

Membrane receptor

Marker

BRG1, Brahma-related gene 1; COUP-TFII, chicken ovalbumin upstream promoter transcription factor II; VEGF-R, vascular endothelial growth factor
receptor.
a
All embryologic times are derived from studies in mice and correspond to the embryologic day on which the marker is ﬁrst detected.
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Fig 2. Bidirectional signaling in undifferentiated endothelial cells results in arterial or venous fate during
embryonic development. A, Ephrin-B2 binds to Eph-B4 on a neighboring cell, resulting in clustering of receptors.
B, The Eph-B4 receptors autophosphorylate each other. Similarly, the ephrin-B2 receptors are phosphorylated by
the Src kinase. C, Activated Eph-B4 and ephrin-B2 signaling within each cell; in the Eph-B4-containing cell, this
results in forward signaling, whereas in the ephrin-B2-containing cell, this results in reverse signaling. D, Determination of arterial or venous fate by activated forward (venous) or reverse (arterial) signaling.

isoform of VEGF, is also closely linked to determination
of arterial identity because VEGF-A activation of VEGF-R2
increases expression of ephrin-B2 in embryonic stem cells
(Fig 3).56 VEGF-A suppresses venous identity; in adult
venous endothelial cells, VEGF-A inhibits the expression
of Eph-B4 and stimulates Delta-like ligand 4 (Dll4)
expression without upregulating ephrin-B2.57 Activated
VEGF-R2 stimulates Notch and also suppresses expression of COUP-TFII.58
Notch. Notch is a highly conserved family of proteins
that are crucial signaling molecules throughout embryogenesis. Vertebrates express four Notch receptors

(Notch-1-4) and ﬁve Notch ligands (Dll1, Dll3, and Dll4
and Jagged-1 and Jagged-2).59 The Notch receptor is a
transmembrane protein that is cleaved after binding a
ligand, allowing the Notch receptor intracellular domain
to translocate into the nucleus.59 Mutations in Notch
receptors, ligands, or target genes result in vascular
abnormalities.60 These abnormalities are likely due to
failure of proper interactions between endothelial cells
and SMCs within the developing vasculature because
activation of Notch in endothelial cells favors maturation
of the vessel over endothelial cell proliferation.61 Notch
proteins are crucial to many diverse processes
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Fig 3. Cell signaling determines the molecular determinants of endothelial cell identity. A, Binding of vascular
endothelial growth factor (VEGF) to the VEGF receptor 2 (VEGF-R2) suppresses chicken ovalbumin upstream
promoter transcription factor II (COUP-TFII) expression and induces Notch activation; the cytoplasmic domain of
Notch is cleaved and interacts with Delta-like ligand 4 (dll4), and together they translocate to the nucleus.
Activation of arterial gene expression results in ephrin-B2 expression on the endothelial cell surface. B, Transcription of the COUP-TFII is induced in part by brahma-related gene 1 (BRG1). COUP-TFII is a transcription factor
that results in Eph-B4 expression on the endothelial cell surface. C, Binding of VEGF to the VEGF receptor 3 (VEGFR3) results in upregulation of Prox1. Prox1 forms a heterodimer with COUP-TFII to induce lymphatic identity with
VEGF-R3 expression on the endothelial cell surface.

Table II. Expression of Eph-B4 or ephrin-B2 changes
depending on the vascular environment

Artery
Vein
Vein graft

Eph-B4

Ephrin-B2

þ

þþþ

þþþ

þ

þ

þ

þþþ

þþþ

Arterial patch



þþþ

Venous patch

þþþ



Venous patch, AVF

þþþ

þþþ

AVF

AVF, Arteriovenous ﬁstula.

throughout the body, beginning in early embryogenesis
and continuing throughout adult life.59 Interestingly,
Dll4, Notch-1, and Notch-4 are solely expressed in arteries
and not in veins.62 Dll4 activation of Notch induces
expression of ephrin-B2 while suppressing COUP-TFIImediated expression of Eph-B4.57,58,63 Localization of
SMCs to the arterial wall is mediated by endothelial
Jagged-1.64 VEGF-dependent angiogenic sprouting occurs
through Dll4,25,65,66 and activation of Dll4 and Notch in
sprouts stabilizes the sprout to allow it to mature into a
stable artery.67
Ephrin-B2. Ephrin-B2 is ﬁrst expressed in mouse embryos at day E8.5 (Table I). Its expression alone is not
sufﬁcient for proper establishment of the circulatory
system; rather, bidirectional signaling through both

ephrin-B2- and Eph-B4-expressing cells is necessary for
proper vascular development. This reciprocal relationship between ephrin-B2 and Eph-B4 suggests that they
might regulate opposite functions in the vasculature.68
Ephrin-B2 mediates the clathrin-mediated endocytosis
of VEGF receptors, promoting VEGF-R2 signaling.68
Conversely, ephrin-B2 antagonizes PDGF endocytosis,
promoting maturation of SMCs in arterial walls.69 The
balance of these and other signals may affect the stability of the arterial phenotype in the vessel.
Lymphatics
Prox1. Lymphatic-fated endothelial cells originate in
the venous endothelium. Venous endothelial cells transition to lymphatic fate as a result of Prox1 expression;
Prox1 is a transcription factor that binds with COUP-TFII
and thus may alter venous signaling to induce
lymphatic identity (Fig 3).70,71 Prox1 is ﬁrst detected in
mice at day E9.5 within the cardinal vein (Table I).72-74
Prox1 itself is regulated by the transcription factor
Sox18; at day E9.0 in mice, expression of Sox18 is noted
within the endothelial cells of the cardinal vein, and by
day E10.5, Sox18-positive cells have migrated to
lymphatic sacs.7
VEGF receptor 3 (VEGF-R3). VEGF-R3 is initially located
in veins and mesenchyme by day E8.5 (in mice); however,
by days E14.5 to 16.5, VEGF-R3 is segregated exclusively to
the lymphatic vessels (Table I).75 VEGF-C is the isoform
that preferentially binds VEGF-R3, and it is coexpressed
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with VEGF-R3 during sprouting of lymphatic vessels in
the embryo.76,77 Unlike arteries and veins, the basement
membrane of lymphatic vessels must be fenestrated to
facilitate ﬂuid absorption in the tissues; as such, the
speciﬁcity of VEGF-R3 and VEGF-C during lymphangiogenesis may be an important mechanism of lymphatic
structure and function.78 Neuropilin-2 promotes lymphangiogenesis by acting as a coreceptor for VEGF-R3
and regulates its signaling.79
Lymphatic vessel endothelial hyaluronic acid receptor 1 (LYVE-1). LYVE-1 is also speciﬁc to lymphatic endothelium. Its role in lymphatic vessels is to bind
hyaluronic acid and thus promote migration of leukocytes.80 Therefore, in addition to structural changes,
the molecular determinants of lymphatic vessels are
necessary for proper function of the immune system.

CLINICAL APPLICATIONS
After vascular surgery, some markers of identity appear
to be plastic, that is, vessel identity can change in adult
vascular cells. For example, venous identity changes after
placement of a vein into the arterial or ﬁstula environment (Table II)10,13,81,82; interestingly, these changes in
the vein do not occur as originally suggested, that vein
grafts “arterialize.”83,84 Furthermore, some identity
markers are differentially expressed in pathologic conditions, such as chronic ischemia and cancer.42 It is
currently unknown whether promoting or preventing
these changes may improve outcomes of vascular procedures or might be important targets for pharmacotherapy in human patients with vascular disease.
However, it has been recently shown that human saphenous veins have functional Eph-B4 receptors and that
stimulating them prevents neointimal hyperplasia
in vitro.11 In addition, stimulation of Eph-B4 increases
the patency of AVF in a mouse model.10 These results
suggest that regulation of vascular identity may promote
patency of vein grafts and AVF in human patients and
may be worthy of future clinical trials.
Vein grafts. Veins surgically placed into the arterial
environment, such as a saphenous vein graft, lose expression of Eph-B4 (Table II).82 Loss of Eph-B4 appears to
require VEGF-A expression and is mediated by upregulation of Dll4, a Notch ligand.82,85 However, although Dll4
is upregulated, ephrin-B2 does not appear on the
endothelium of venous grafts.82 Vein grafts therefore lose
their markers of venous identity without acquiring arterial identity, that is, vein grafts do not arterialize when
analyzed on a molecular basis.83,84
Whereas some diameter expansion is beneﬁcial for vein
graft patency, excessive wall thickening (ie, neointimal
hyperplasia) contributes to vein graft stenosis and failure.
Interestingly, stimulation of Eph-B4 by administration of
its activated ligand ephrin-B2 results in continued
Eph-B4 expression and prevents neointimal hyperplasia,
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suggesting a new strategy to promote vein graft
patency.11,53 Stimulation of Eph-B4 also promotes phosphorylation of endothelial nitric oxide synthase, allowing
venous dilation.52 However, Dll4 activation may induce
inﬂammation and SMC proliferation,85 emphasizing the
importance of understanding how Eph-B4 functions
within the vein graft.
AVF. Autogenous AVFs are currently the preferred
method of hemodialysis access but have poor patency
and low maturation.86,87 In AVF, the venous limb gains
expression of ephrin-B2 (Table II) as well as extracellular
matrix proteins such as collagen and ﬁbronectin, and
these proteins result in outward remodeling of the vein
wall.88 Poor maturation may be due to inadequate outward remodeling or unregulated wall thickening within
the vein.89,90 After surgical creation of an AVF, the venous
limb of the AVF gains expression of ephrin-B2 and retains
expression of Eph-B4.10 Thus, AVFs gain dual arterialvenous identity within the ﬁstula environment, a
distinctly different identity from the vein graft. However,
treatment of the AVF with ephrin-B2 does prevent
excessive wall thickening and promotes AVF patency,
suggesting that treatment of human AVFs with agents
that promote retention of venous identity may improve
AVF patency.10
Patch angioplasty. Pericardial patches are frequently
used in vascular surgery to close both arteries and veins.
Synthetic patches are necessarily acellular, and patches
derived from biologic tissues are typically treated to
remove cellular antigens and to reduce antigenicity91;
therefore, before implantation, patches do not have
vascular identity. However, after surgical implantation,
there is an inﬂux of host cells that contribute to neointima and healing.13,92 Interestingly, patches express the
arterial marker ephrin-B2 in arterial environments,
whereas patches express the venous marker Eph-B4 in
venous environments (Table II),13,81 that is, pericardial
patches gain the identity of the vessel in which they are
placed (context-dependent gain of identity). Venous
patches additionally exposed to arterial ﬂow also gain
arterial identity, that is, they gain dual arterial-venous
identity, similar to AVFs (Table II).10,12 These changes in
identity occur in synthetic patches, suggesting that host
cells inﬁltrating into the vascular patch determine vessel
identity in these models.12 It is interesting to speculate
that manipulation of vascular patch identity may be
possible, and if so, this may be a strategy to inhibit local
development of neointimal hyperplasia.
Revascularization of ischemic tissues. The molecular
determinants of vascular identity also regulate angiogenesis and thus have been assessed for therapeutic angiogenesis for patients with peripheral arterial disease.93
Despite initial optimism, larger double-blind trials
showed no signiﬁcant clinical beneﬁt.94,95 The Regional
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Angiogenesis with Vascular Endothelial growth factor
(RAVE) trial used a replication-deﬁcient adenovirus to
deliver a VEGF transgene by injection into the thigh at
both low and high doses. After 12 weeks, however, there
were no signiﬁcant differences in peak walking time, the
main end point, between placebo, low-dose, and highdose groups.96 The Genzyme-funded HIF-1a trial
delivered the HIF-1a gene to patients with claudication
or control patients but detected no signiﬁcant differences in walking time, claudication onset time, or quality
of life.97 The Efﬁcacy and Safety Study of NV1FGF in
Patients with Severe Peripheral Artery Occlusive Disease
(TALISMAN 201) trial used a plasmid to deliver ﬁbroblast
growth factor to patients with ulcers not suitable
for revascularization but showed no effect on ulcer
healing.98 However, methods to upregulate expression of
endogenous VEGF-A by giving patients activators of
transcription are under investigation.99 Other therapeutic approaches that may involve vascular identity include
promoting arteriogenesis and delivery of stem cell
therapy.100,101

SUMMARY
Protein markers speciﬁc to veins, arteries, or lymphatics
deﬁne vessel identity throughout life. During embryogenesis, these markers determine the differential development of these vessels: veins are determined by
expression of COUP-TFII; arteries, by VEGF-R2, Notch,
and Dll4; and lymphatics, by Prox1. Expression of vascular
identity persists in adult vessels; veins predominantly
express EphB4, and arteries predominantly express
ephrin-B2. These markers are altered after some vascular
surgical procedures, suggesting potential therapeutic
targets that could promote procedural patency and
prevent patients’ morbidity.
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