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Chronic Venous Disease (CVD) affects more than 25 million
people with 20% of patients developing the most severe form of
disease of large gaping nonhealing leg wounds with skin break
down and exudative ulceration (Figure 1) [1,2]. CVD is caused by
irreversible damage to the venous valves (one-way valves that
promote the one-way flow of blood from the legs to the heart
and inhibit blood from pooling at the ankles and causing venous
hypertension) leading to varicose veins, leg pain, swelling and leg
ulcers and wounds [2]. Risk factors include prior Deep Venous
Thrombosis (DVT), hereditary disorder, prolonged standing/
sitting, and obesity [2]. The prognosis of venous ulcers is poor with
delayed healing and recurrence. Annually, an estimated $3 billion
are spent in the treatment of chronic venous wounds [3]. Surgical
and percutaneous solutions have been undertaken to recreate
the damaged venous valves without success [4]. There are no
commercially available artificial venous valves due to high failure
rates and biocompatibility issues.
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Figure 1: Patient with history of DVT resulting in severe
chronic venous disease and large nonhealing venous ulcer.

In 2013, Philips M etal. [5] reported taking a segment of internal
jugular veins of 16 sheep, enclosing them circumferentially with a
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barbed stent and surgically transferring them to a contralateral
internal jugular vein [5]. In a similar fashion, a segment of axillary
vein was transferred to the popliteal vein in 4 human males,
average age 22, with recalcitrant ulcers, and followed for 3.8 years
[5]. The results were promising with 6-month patency in the sheep
and improvement in the venous ulcers in the human males [5].
This study created a record that prosthetic venous valves, at least,
transposed venous valves, is a tangible endeavor. A dedicated group
led by Dusan Pavcnik performed committed work, with multiple
noted publications, to answer the need for prosthetic venous valves
to aid this large population of patients suffering from life-altering
venous ulcers. They used both autologous venous valves and
freeze-dried small intestinal submucosa attached to metal stents
and implanted them percutaneously into a vein [6,7]. The results
were initially promising however, the subject would undertake an
exuberant process of foreign body reaction, resulting in thickening
and incompetence of the venous valve [6,7]. Similarly, Gomez-Jorge
et al. [8] took a segment of glutaraldehyde-fixed bovine external
jugular vein with valves and sutured them to a nitinol stent and
implanted them into the IVC or right external iliac veins of 11
swine [8]. At 2 weeks, histopathology of the stents demonstrated
inflammatory granulomatous response and foreign-body reaction
[8]. The persistent inflammatory stimulus of the foreign body
material lead to foreign body reaction and resulted in thickening
and incompetence of the valve due [9,10]. As is, the thin construct
of a native venous valve (Figure 2A & 2B) is ultimately not emulated
by these previous attempts at creating a venous valve.

To combat the issues of persistent inflammatory stimulus
and foreign body response,
engineering to create a protective endothelial layer, a process
called endothelialization, given the anti-inflammatory properties
of a healthy endothelial layer. One group, for example, has used

some have turned to tissue
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decellularized jugular ovine vein conduits containing valves and
reseeding them with cultured peripheral blood endothelial cells
at variable flow conditions [11]. They discovered that with their
method, endothelial cells could be successfully cultured and
reestablished on the luminal surface of a decellularized venous
valve under different flow conditions [11]. Additionally, Weber et al.
[12] used tri- and bicuspid venous valves based on polyglycolic acid-
poly-4-hydroxybutyrate composite scaffolds, fully biodegradable
scaffolds, integrated into self-expandable nitinol stents [12].
They then engineered autologous ovine bone-marrow-derived
mesenchymal stem cells and endothelialized the biodegradable
scaffolds [12]. Here, a combination of biodegradability and
endothelialization was used to combat an inflammatory foreign
body reaction [12]. These studies are preliminary and additional
work is needed.
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Figure 2: Demonstration of our evaluation of venous
valves with ultrasound. A. Venous Valves closed. B.
Venous valves opened which we use to measure thickness.

Conclusion

In conclusion, chronic venous disease is debilitating and is due
to irreversibly damaged native venous valves. Multiple unsuccessful
attempts at recreating the native venous valve have not as yet
produced long term results, at least in part, due to an inflammatory
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foreign body response to the prosthetic venous valve. More studies
are forthcoming to combat the issues surrounding these failures, in
order to develop a viable solution for chronic venous disease.
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