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Background: Postthrombotic intraluminal tissue causing postthrombotic syndrome (PTS) has not been well de-
scribed. This study defines its histological characteristics and assess whether tissue function evolves over time.
Methods: Specimens from 18 common femoral veins (CFV) from 16 patients obtained during CFV
endovenectomy and iliocaval recanalization were examined. Phase 1 used hematoxylin and eosin and Masson’s
trichrome stains for collagen, immunohistochemical, and Von Kossa stains. Phase 2 examined young (≤ one
year) andmature (≥10 years from acute DVT) specimens to evaluate evolution of endothelial function. Antibod-
ies to four biomarkers were used to examine specific functions of endothelial cells lining neovessels and recan-
alization channels (RC).
Results: Phase 1: Specimens demonstrated 80-90% of collagen type I, 10-20% of collagen type III, and dystrophic
calcification. Neovessels and RC were in close proximity to each other. Thrombus and smooth muscle cells
were absent, but white blood cells were present. Phase 2: VEGFR2 receptor uptake was more abundant in
neovessels than RC and more prominent in younger specimens. Neovascular, nonchannel cells were observed

more frequently in young specimens. CD-31 was similar in young and mature specimens. TIE-2 and von
Willebrand factor antibodies had greater uptake in mature specimens.
Conclusion: Tissue causing chronic postthrombotic venous obstruction is predominantly type I collagen. Neovas-
cularization and recanalization occur in close proximity. The biomarker for neovascularization and angiogenesis
(VEGFR2) wasmore prominent in young specimens whereas TIE-2, a stabilizing biomarker and vWF were more
frequently observed in mature specimens.
© 2015 Published by Elsevier Ltd.
Introduction

Postthrombotic syndrome is a common clinical sequelae of acute
deep venous thrombosis (DVT), affecting a variable portion of patients
depending upon the location of the acute thrombus, thrombus burden,
and the treatment received by the patient [1–4]. The underlying patho-
physiology of postthrombotic syndrome (PTS) is venous hypertension,
specifically, ambulatory venous hypertension [5]. The pathologic com-
ponents leading to venous hypertension are vein lumen obstruction
and venous valve incompetence.

Patients with iliofemoral DVT treated with anticoagulation alone
have the highest risk for severe PTS [2,3]. This is due to persistent
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obstruction of the major venous outflow tract of the lower extremity.
The obstructive contents of the vein lumen have been variously
described as chronic thrombus, scar tissue, or intraluminal fibrosis;
however, there is no definitive description of human tissue that chron-
ically occludes postthrombotic veins.

We have adopted a new treatment paradigm for patients with se-
vere and incapacitating postthrombotic syndrome due to chronic
iliofemoral and inferior vena caval occlusion that involves the common
femoral vein. This treatment paradigm includes endophlebectomy of
the entire common femoral vein and endoluminal recanalization of
the iliac veins and vena cava [6,7]. The specimens removed from the
common femoral vein offer an opportunity to study human tissue re-
sponsible for chronic, postthrombotic venous obstruction. The purpose
of this study is to define the histological characteristics of the tissue
causing postthrombotic intraluminal venous obstruction and to assess
whether tissue function evolves over time as measured by antigen
biomarkers.

http://crossmark.crossref.org/dialog/?doi=10.1016/j.thromres.2015.02.026&domain=pdf
http://dx.doi.org/10.1016/j.thromres.2015.02.026
mailto:shakela.watkins@promedica.org
http://dx.doi.org/10.1016/j.thromres.2015.02.026
http://www.sciencedirect.com/science/journal/00493848
www.elsevier.com/locate/thromres


883A.J. Comerota et al. / Thrombosis Research 135 (2015) 882–887
Methods

Specimen Acquisition

The intraluminal contents of 18chronically occluded postthrombotic
common femoral veins were obtained from 16 patients undergoing
endophlebectomy of their common femoral veins followed by
intraluminal recanalization of their occluded iliocaval venous segments.

The indication for this procedure was debilitating postthrombotic
syndrome resulting in pain, ulceration, and loss of mobility. All patients
were treated with anticoagulation alone for their acute DVT, which
ranged from 7 months to 25 years prior to their operative procedure.
No patient was treated for their acute DVT with either catheter-
directed thrombolysis or venous thrombectomy. The specimens were
obtained from the cephalad femoral vein, the common femoral vein,
and the distal external iliac vein. Specimens were formalin fixed and
paraffin embedded for light microscopic examination. The specimens
appeared uniform along their length, however, sections from the
middle third of the specimens were chosen for analysis. The protocol
for this study was reviewed and approved by the Institutional Review
Board of the ProMedica Health System.

Phase 1

Phase 1 of this study was designed to describe the morphologic
composition of the intraluminal tissue, specifically to identify tissue
type and the presence of recanalization and neovascular channels.

The Von Kossa stain was performed to examine for calcium within
the tissue which, if present, would indicate dystrophic calcification.

TheMasson’s trichrome stain was used to determine the relative ex-
tent of connective tissue. Subsequent immunohistochemical reactions
using antibodies specific for collagen subtypes were performed to clas-
sify the specific collagen present. The standard avidin biotin complex
(ABC) method was used for all of the immunostaining. Immunohisto-
chemical staining using antibodies to type I, type III, and type XXI colla-
gens was used. Antibodies specific to collagen types I (AbCam cat.
ab34710) and III (AbCam cat. ab7778) were utilized to determine the
relative amount of either species. The type XXI collagen antibodies
(AbCam ab67884) were used to determine whether any of the fibril-
associated collagens were present. Such labeling would assist in
assessing the cellular lineage of the collagen within these specimens.

Hematoxylin and eosin (H&E) stainswere used to examine histolog-
icmorphology including the relative density of collagen, the presence of
inflammatory cells, neovascularization and recanalization channels, and
location of neovessels and their relationship to recanalization channels.
Recanalization channels were identified as channels within the collagen
lined by a thin layer of nucleated endothelium. Neovascular channels
were outlined by circular cells, often with plump nuclei, and were
lined with nucleated endothelial cells.

Phase 2

The purpose of Phase 2 of this study was to assess if there was an
evolutionary difference of the tissues within these specimens over
time by comparing young specimens to mature specimens. The
endothelial cells within neochannels were evaluated using antibodies
to specific biomarkers for functional characterization. Neochannels
included neovessels and recanalization channels.

Four specimens were categorized as young, which was defined as
≤1 year since acute DVT and four were identified as mature venous
lesions ≥10 years since acute DVT.

Neochannels were quantified using a grid superimposed upon the
microscopic image. For each specimen, ten random high-power (40X)
fields were examined. The examiner was blinded to the age of the
specimen.
Vascular endothelial cell growth factor receptor-2 (VEGFR2). Vascular
endothelial cell growth factor (VEGF) activity is located predominately
in vascular endothelium and is an important signaling protein for
vascular neogenesis and angiogenesis. It has an effect upon many cell
types and stimulates migration of monocytes and macrophages.
Receptors to VEGF are found on young endothelial cells typical of
those in neovascular channels. Although there are three main subtypes,
VEGFR2 is the predominant mediator of the cellular responses to
VEGF [8].

Angiopoietin-1 receptor (TIE-2). TIE-2 is a molecule important in the
development of blood vessels. It is a tyrosine kinase receptor expressed
on endothelial cells. TIE-2 is important for the angiogenic process of
endothelial cells [9]. It promotes sprouting and branching from the
primary capillary plexus and remodeling, which converts the primary
capillary plexus to smaller and larger blood vessels. It is essential for
normal vascular development in the embryo and for stabilization of
blood vessels in the adult. It is thought to be a marker of early lineage
endothelial cells.

Platelet-endothelial cell adhesion molecule −1, also known as cluster
of differentiation 31 (CD-31), is a type I transmembrane glycoprotein. It
serves several distinct roles in the biologic function of endothelial cells.
It has specific adhesive properties and is invoked with signal transduc-
tion bymodulating integrin function [10]. It regulates vascular integrity
and controls cell survival. Additionally, it has specific leukocyte interac-
tions which prevent transendothelial leukocyte migration and removes
apoptotic leukocytes. Because of this variety of sophisticated functions,
it is thought that CD-31would be expressed bymature endothelial cells.

von Willebrand factor (vWF) is a glycoprotein produced by endothe-
lium, megakaryocytes, and subendothelial connective tissue [11]. It is
important for maintenance of hemostasis and would be expected to
be present in higher concentrations in mature endothelium.

Statistical Analysis

Data were analyzed and graphed using GraphPad Prism 4.0
(GraphPad Software, Inc, La Jolla, California, USA). Statistical signifi-
cance was calculated using two-tailed t-test and defined as P b 0.05.
Data are presented as mean ± SEM.

Results

Endophlebectomy tissue from the common femoral veins was ob-
tained from patients ranging from 7 months to 25 years after their
acute iliofemoral DVT. Of the 16 patients, five (31%) were male with a
mean age of 52.2 years (Range 34-72 yrs) and eleven (69%)were female
with amean age of 44.5 years (Range 22-67 yrs), All patientswere treat-
ed with anticoagulation alone for their acute thrombotic event. Only
one patient had evidence of residual gross thrombuswhen the common
femoral vein was opened whichwas the result of a recurrent acute DVT
of the common femoral vein 2.5 months prior to her endophlebectomy.

Fig. 1 demonstrates a typical intraoperative view of a chronically
occluded postthrombotic common femoral vein following venotomy,
illustrating fibrotic tissue with multiple synechia. Fig. 2 is a photograph
of the range of specimens excised from 7 months to 25 years following
acute DVT. Note that all specimens appear to be grossly similar. The
cross-section of the resected femoral vein demonstrates fibrotic occlu-
sion 7 months after the patient’s acute thrombotic event.

Phase 1

The results of the Von Kossa stain demonstrated the presence of
calcium salts in the tissue, indicative of dystrophic calcification. This
was observed in all specimens.

The excised tissue was composed of collagen, as was demonstrated
by the Masson’s trichrome stain. There appeared to be different



Fig. 1. Initial intraluminal view of a postthrombotic common femoral vein after venotomy.
Note multiple synechiae, recanalization channels, and abundant fibrosis. This patient is
three years following her acute venous thrombosis. There is no evidence of thrombus.

Fig. 3. Immunohistochemical analysis of collagen demonstrated that type I collagen was
most abundant (80-90%) and type III collagen comprised approximately 10-20% of the
specimens.
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densities of collagen. The abluminal side of the specimens (attached to
vein wall) had the most dense collagen.

Immunohistochemical analysis demonstrated that collagen type I
was the most abundant, comprising approximately 80% to 90% of the
tissue. Type III collagen comprised approximately 10% to 20% of the
specimens (Fig. 3). The evaluation of collagen subtypes was subjective
and Fig. 3 represents contiguous sections of tissue, each reacted with
antibodies specific for either type I or type III collagen. There is overlap
of both classes of collagen, however, there are distinct differences
as strong antibody reaction against type I collagen was observed adja-
cent to the luminal aspect of the specimen. Staining specifically for
collagen XXI was performed to determine if any of the family of fibril-
associated collagenswith interrupted triple helices (facit) were present,
which they were not.

The hematoxylin and eosin stains confirmed the abundance of colla-
gen, neovascularization, recanalization, and inflammation (Fig. 4).
Chronic inflammatory cells were predominantly mononuclear cells. In-
terestingly, neovessels within these specimens occurred predominantly
in the loose collagen, whereas, few if any neovessels were observed in
the densely packed collagen (Fig. 4). Another interesting observation
was the close proximity of recanalization channels with neovessels. In
Fig. 5 the lumen of a neovessel (arteriole) is separated from the lumen
of a recanalization channel by only two cells.
Phase 2

The biomarker for neovascularization and angiogenesis, VEGFR2
was more prominent in young specimens. Neovessels and their sur-
rounding periluminal cells stained much stronger for VEGFR2 than the
Fig. 2. Representative specimens excised from the common femoral veins ranging from
2–25 years after the acute DVT. The right panel is the cross-section of the proximal femoral
vein that was excised from a patient seven months following her acute DVT.
recanalization channels (Fig. 6). Neovascular channels reacted to
VEGFR2 antibody in young specimens more than mature specimens
(P = 0.016) (Fig. 7).

Thereweremore prominent reactionswith the stabilized TIE-2 anti-
body in channels of mature specimens than in young specimens
(P b 0.04) (Fig. 8)

CD31, a transmembrane glycoprotein regulating vascular integrity,
cell survival, and modulating integrin function was similarly expressed
in the neovascular channels of young and mature intraluminal tissue
(Fig. 8). There was a greater concentration of vWF and frequency of re-
action in neovascular channels ofmature specimens compared to young
specimens (P b 0.0001) (Fig. 8).

Discussion

This is the first detailed characterization of intraluminal tissue caus-
ing chronic postthrombotic deep venous obstruction. One patient oper-
ated seven months after her initial venous thrombosis, but 2.5 months
after a documented recurrent common femoral vein thrombosis had
residual resolving thrombus within the lumen upon venotomy. All
remaining patients who had their DVT from as recently as 7 months to
as long as 25 years prior to their operation had no evidence of thrombus
upon visual or microscopic examination. This finding has important
implications for patient care as many physicians use the term “chronic
thrombus” when describing phlebographic or ultrasound image
characteristics obtainedmonths to years after the index DVT. Treatment
strategies designed to eliminate thrombus in patients with chronic
postthrombotic venous obstruction will be ineffective since the
intraluminal tissue is collagen, which is firmly adherent to the vein
wall. Therefore, the term “chronic thrombus” in these patients is inaccu-
rate and conceptually misleading.

Collagen is the predominant tissue obliterating the lumen of the
postthrombotic vein. Collagen is the most common human protein
which comprises 25% to 35% of the mass of the human body. Type I
collagen is the most abundant and comprises over 90% of the mass of
bone and is the predominant collagen in tendons, skin, ligaments, and
other tissues, which provides strength and tensile stiffness [12–14].
Fig. 4. Hematoxylin and eosin stains demonstrate abundant collagen, neovascular chan-
nels, recanalization channels, and chronic inflammation.



Fig. 5.Hematoxylin and eosin stains demonstrate the close proximity of neovessels with a
recanalization channel. In this example, the neovessel lumen is separated from the recan-
alization channel by only two cells.

Fig. 7. Quantification of VEGFR2 antibody labeling demonstrated significantly more
neovascular channel reaction product in young specimens (top) and increased labeling
by nonchannel neovascular cells (bottom).
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The collagen within the veins adhered strongly to the vein wall and
generally required sharp dissection to perform the endophlebectomy.
Microscopic sections showed that the most densely packed collagen
was adjacent to the vein wall. Grossly, there was little difference be-
tween younger specimens, defined as up to 1 year after acute DVT,
and specimens that were 10 to 25 years from the acute event. Type I
collagen comprised 80% to 90% of the intraluminal tissue with type III
collagen making up the remainder. Animal models of the evolution of
acute DVT also demonstrated an increase in collagen type I and collagen
type III gene expression [15].

The observations of collagen types and their distribution in this
study are similar to studies of dermal scar tissue in that type I and
type III collagen are present with differing concentrations and distribu-
tions [16,17]. Earlier research revealed that in dermal wound healing
and scar formation, collagen type III is formed first and later replaced
by collagen type I to increase tensile strength of the tissue over time
[14,17]. The dermal scar formation and maturation could be similar to
the process that is occurring in chronic postthrombotic venous occlu-
sions. This would explain the distribution of collagen observed in our
immunohistochemical staining as type I collagen slowly adds over
time, starting from the periphery of the fibrous scar tissue (vein wall).
This description of endoluminal collagens supports the idea of a dynam-
ic process of fibrosis occurringwithin the specimens, as the distribution
and subtypes of collagen appear to change over time.

Type XXI collagen is a member of the fibril-associated collagen fam-
ily, FACIT (Fibril-associated Collagens with Interrupted Triple helices).
These are nonfibrillar collagenswhich appear to connect collagen fibrils
to other matrix components or cells [12]. These collagens are derived
from smooth muscle cells [13] and types I and III collagens are derived
from fibroblasts [18]. It is pertinent that type XXI collagen and smooth
muscle cells were conspicuously absent by microscopic examination.
Fig. 6. The VEGFR2 antibody stainwasmore prominent in the young specimens, staining a
larger number of neovessels compared tomature specimens. Therewas greater reaction to
the antibody by periluminal cells surrounding the neovessels, which are thought to be
progenitor cells.
Therefore, smooth muscle cells do not appear to be involved in the
etiology of these chronic postthrombotic occlusions.

We did not use specific antibodies to characterize the stromal cells
generating the fibrous tissue in these lesions. The spindle-shaped
stromal cells appear to be myofibroblasts which have overlap of
mesenchymal cell antigenicity including smoothmuscle actin.We iden-
tified a significant number of cells in the stroma of "early" lesions ex-
pressing VEGFR2 whereas in "older" specimens, the degree of VEGFR2
Fig. 8. TIE-2 antibody staining was more abundant in mature specimens (top); CD-31 an-
tibody reactionswere similarly observed in theneovascular channels of young andmature
specimens (middle); vWF antibody demonstrated greater abundance in the neovascular
channels of mature specimens (bottom).
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expression appeared to be reduced (Fig. 6). One could surmise that due
to prominent expression of this vasoactive receptor, these cells may
have originated from smooth muscle cells but as stated above, these
cells appear to be myofibroblasts and therefore with the overlap of
biomarkers expressed by fibroblasts and smooth muscle cells in
myofibroblasts, definitive determination of the specific subtype of the
mesenchymal cell that produced the extensive connective tissue
occupying these major veins was not determined.

Granulation tissue within these specimens was prominent,
consisting of macrophages, lymphocytes, and myofibroblasts. This
chronic inflammatory process is driven by cytokines and growth factors
that influence angiogenesis, tissue remodeling, recanalization, and
retraction of thrombus [19,20]. Monocyte infiltrates act as fibrinolytic
promoters that function through plasminogen activators but can also
degrade fibrin in the absence of plasmin [21]. Therefore, monocytes
are involved with thrombus organization and resolution [22].

Neovascularization was an interesting finding and generally
occurred within the loose collagen; there was little evidence of neovas-
cularization or recanalization in the densely packed collagen. One of the
most interesting findingswas the close proximity of neovessels with re-
canalization channels. It is presumed that recanalization is a different
process than new blood vessel growth. However, the close proximity
of neovessels with recanalization channels in these specimens suggests
that the two processes, neovascularization and recanalization, are
governed at least in part by a common stimulus. This observation offers
great potential for future research.

Animal models of early thrombus resolution demonstrate that
neovascular channels occur at the thrombus-vein wall junction
[23–25]. The cellular stimuli to neovascularization are thought to be de-
rived from the vein wall [23] and from cells within the thrombus [26].
However, the majority of neovascular channels observed in our speci-
mens were within the specimen, not adjacent to the vein walls, and
were generally found in the less densely packed collagen. This may be
due to the difference in volume of thrombus in these study groups.
Our patients uniformly had occlusive thrombus initially, whereas the
animal specimens studied by Modarai et al. [23] had nonocclusive
thrombus.

Much of our understanding of organization and resolution of venous
thrombus comes from studying animal models [15,18–22,27]. Although
thrombus resolution in rodent veins occurs more rapidly compared
with humans, the recanalization process and cellular changes appear
similar, which have been observed in studies of early thrombus organi-
zation and are now supported by the observations of this study in
humans with chronic venous occlusion.

VEGF has been shown tomobilize bonemarrow progenitor cells and
VEGFR2 receptors were found in these specimens with a greater
concentration in the younger specimens. VEGFR2 is the principal
mediator of several physiological and pathological effects of VEGF-A
on endothelial cells, which include proliferation, migration, survival,
and permeability [8]. VEGFR2 was observed in both neovessels and re-
canalization channels, although neovessel endothelium was more
densely stained. VEGF has properties that affect the recruitment,
migration, and proliferation of a number of cells including monocytes.
Activatedmonocytes produce proteaseswhich include plasminogen ac-
tivators, growth factors, and chemokines that regulate cell recruitment
and turnover. Because of these properties, VEGF likely plays a central
role in both recanalization and neovascularization of thrombus. This is
consistent with our observation of the close proximity of neovessels
and recanalization channels. VEGF also stimulates bone marrowmono-
cyte lineage cells to differentiate into endothelial-type cells which result
in increased expression of the TIE-2 receptor on the cell surface [9].

We observed progenitor type cells, especially in the younger
specimens, and we observed substantial TIE-2 uptake in the mature
specimens, suggesting stimulation and recruitment of progenitor cells
both in the early and late phase of thrombus remodeling. Bone
marrow-derived progenitor cells and vessel wall-derived mature
progenitor cells lead to the expression of the endothelial-specific
biomarkers VEGFR2 and TIE-2, both of which were found in these
specimens.

Stimulation of bone marrow derived monocyte lineage cells with
VEGF causes them to transdifferentiate into endothelial-type cells,
with an increase in expression of the TIE-2 receptors. Cells under the
regulation of the endothelial specific TIE-2 promoter were observed
more often and in greater concentration in mature specimens than in
younger specimens. This suggests that TIE-2 expressing cells are recruit-
ed into organized collagen as intraluminal tissue with increasing activi-
ty over time. Although this suggests that the progenitor type cells
observed in these specimens were mobilized from the bone marrow,
we cannot definitively state that the TIE-2 positive cells in mature
specimens or the progenitor type cells in young specimens were bone
marrow derived.

Our observation that there was a greater number of channels in
mature specimens expressing the endothelial marker vWF suggests
that monocyte-producing cytokines may be the common promoter
resulting in greater TIE-2 and vWF markers in the older specimens.

CD-31 was expressed to a similar degree by the neovascular chan-
nels of both young and mature specimens. Recent experimental and
human data suggest that CD-31 plays a role in DVT development [28].
Although unanticipated, it is understandable that the many physiologi-
cal effects of CD-31 would be advantageous throughout thrombus
evolution. It has been shown to regulate vascular integrity, control cell
survival, modulate angiogenesis and cell migration, and serves an im-
portant function in vascular permeability. Which aspects of its many
functions are operative in the earlier stages of thrombus resolution
compared to the chronic stages remains to be studied.

Summary

This analysis of the tissue causing chronic postthrombotic venous
obstruction demonstrates that collagen is present from at least seven
months onward. Collagen type I is the predominant tissue, with no
evidence of thrombus. Neovascularization and recanalization were
observed in all specimens. VEGFR2 receptors were present in greater
concentration in younger specimens whereas TIE-2 and vWF were
present in more mature specimens. Progenitor type cells were likely
recruited into these specimens, although the definitive origin of these
progenitor cells could not be determined.
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