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CONGENITAL: EVOLVING TECHNOLOGY
Total cavopulmonary connection with a new bioabsorbable
vascular graft: First clinical experience
Leo A. Bockeria, MD,a Oleg Svanidze, MD,b Alex Kim, MD,a Konstantin Shatalov, MD,a

Vladimir Makarenko, MD,a Martijn Cox, PhD,b and Thierry Carrel, MDc
ABSTRACT

Objectives: To assess safety and clinical performance of a novel bioabsorbable
vascular graft in pediatric patients with univentricular cardiac malformation
who received surgical correction via an extracardiac cavopulmonary conduit.

Methods: The implanted graft material is designed to attract patient’s own cells
and proteins, which trigger a cascade of physiological events leading to
endogenous tissue restoration. As the graft resorbs progressively after
implantation, components of native tissue including collagen, endothelial lining,
and capillary blood vessels develop and organize into a natural tissue. Five
patients (aged 4-12 years) received this new vascular graft as interposition
between the inferior vena cava and the pulmonary artery. They were
followed up to 12 months after surgery. The conduit was assessed by echocardi-
ography, computed tomography and magnetic resonance imaging, including
4-dimensional flow.

Results: All patients recovered from the procedure without complications. No
device-related adverse events were reported. Two patients required interventional
occlusion of aortopulmonary collaterals. At 12 months, there was a significant
improvement in the patients’ general condition. Imaging studies demonstrated
anatomical (conduit diameter, length and wall thickness) and functional (blood
flow pattern) stability of the bioabsorbable grafts in all patients with no significant
changes at 12 months compared with early postoperative data.

Conclusions: Initial clinical experience with a novel absorbable graft underlines
the potential of this new material to improve cardiac and vascular surgical
procedures. In addition, better biocompatibility may reduce permanent
implant-related complications. A longer follow-up is needed to assess the
long-term effectiveness of biodegradable vascular grafts, including their ability
to grow. (J Thorac Cardiovasc Surg 2017;153:1542-50)
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Intraoperative view of the vascular graft implanted be-

tween the inferior vena cava and the right pulmonary

artery.
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Central Message

This new technology has the potential to

improve cardiac and vascular surgical proced-

ures because it will reduce implant-related

complications.
Perspective

The bioabsorbable vascular graft is easy to

handle. Imaging studies demonstrated anatom-

ical (conduit diameter and wall thickness) and

functional (blood flow pattern) stability of the

graft in the 5 patients with no significant

changes at 12 months compared with early

postoperative data.
See Editorial Commentary page 1551.
The number of newborns who suffer from life-threatening
complex congenital heart disease and require cardiac sur-
gery is approximately 100,000 per year worldwide.1-3 The
use of artificial grafts, homografts, or xenografts is
standard of care to repair congenital malformations.4-7

These materials, however, typically are associated with
adverse events, including rejection, chronic infection,
stenosis, thromboembolic events, and calcifications.8-13 In
addition, the current available materials are unable to
grow; this means that these younger patients often require
repeat surgery.14,15 To overcome these limitations, a new
generation of vascular graft has been developed that is
QR code will take
plemental video for
o view the AATS
t, see the URL next
umbnail.

Delta:1_given name
Delta:1_surname
Delta:1_given name
Delta:1_surname
Delta:1_given name
Delta:1_surname
Delta:1_given name
mailto:leoan@bakulev.ru
http://dx.doi.org/10.1016/j.jtcvs.2016.11.071
http://crossmark.crossref.org/dialog/?doi=10.1016/j.jtcvs.2016.11.071&domain=pdf


Abbreviations and Acronyms
4D ¼ 4-dimensional
MRI ¼ magnetic resonance imaging
PTFE ¼ polytetrafluoroethylene
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based on a bioabsorbable polymer matrix designed to

induce autologous repair by endogenous tissue
restoration, a spontaneously growing, natural, healthy
tissue with cells contributed only from the recipient.
Immediately after the implantation, the prosthesis is
functional but with time, neotissue is formed and
organizes into a fully functional blood vessel while the
polymer gradually is bioresorbed.

This approach is not completely new: as early as 2001
Shinoka and Breuer developed the idea that optimal filling
materials with biocompatibility and growth potential
may have significant advantages for pediatric patients in
whom foreign material has to be implanted as part
of the reconstructive procedure.16,17 They reported the
advantages of tissue-engineered vascular autografts in
models in animals and in human clinical applications by
using autologous cells and biodegradable scaffolds. The
key benefit from the use of such scaffolds is that they degrade
in vivo, thereby avoiding the long-term presence of foreign
materials because the seeded cells proliferate and differen-
tiate to construct new tissue. More recently, they have devel-
oped the same concept for small-caliber vascular grafts.18,19

METHODS
The vascular graft is a sterile, flexible, straight, highly porous

conduit composed of a bioresorbable supramolecular polyester20 and pro-

cessed by electrospinning. The polyester is obtained by chain-extending

poly-caprolactone with 2-ureido-4[1H]-pyrimidinone. The 2-ureido-4

[1H]-pyrimidinone motif is self-complementary by forming quadruple

hydrogen bonding; this leads to a significant improvement in mechanical

properties while still allowing the material to be processed.21 Scanning

electron microscopy shows that the graft structure is made up of a scaffold

of fibers (Figure 1). The graft matrix is flexible and strong enough to sup-

port the pressure of the cardiovascular system with a porous environment

that allows and stimulates cell penetration and subsequent tissue growth,

without the use of stem cells, growth factors, or animal-derived products.
FIGURE 1. Scanning electron microscope images of the gra
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Standard biocompatibility tests were performed in Good Laboratory

Practices-certified laboratories according to ISO-10993. Tests included cyto-

toxicity, genotoxicity, pyrogenicity, and several others. All tests were passed.

A prospective first in human, clinical investigation was performed in a

single center, the Bakulev Center for Cardiovascular Surgery, Moscow,

Russian Federation (Clinicaltrials.gov number, NCT02377674). The new

vascular graft (Xeltis AG, Zurich, Switzerland) was implanted in 5

pediatric patients aged 4 to 12 years over a recruitment period of 5 months

(October 2013 to February 2014).

Ethics committee approval was gained before we began the study, and all

consent forms were signed by the relatives before enrollment. The new

vascular graft was implanted during the second step of a modified Fontan

procedure as an extracardiac total cavopulmonary connection and therefore

connected the inferior vena cava with the right pulmonary artery. Surgical

technique and graft implantation were performed with the same standard

as for other commercially available vascular conduits (synthetic, homograft,

or xenograft) (Video 1). The patients were followed with postoperative ex-

aminations at discharge and at months 1, 3, 6, 9, and 12 after implantation.

Follow-up included documentation of the patients’ clinical condition and of

all adverse events (related or not to the new implant), information on

concomitant medication, and transthoracic echocardiographic assessment.

The data were collected for each follow-up visit and monitored by an

independent clinical research assistant to ensure the accuracy of the

information. All serious adverse events were reviewed by an

independent clinical review committee comprising 1 cardiologist and 2

cardiac surgeons.

RESULTS
The 5 patients (3 male and 2 female) were in average

New York Heart Association functional class II at entry to
the trial. All patients previously had received a bidirectional
cavopulmonary anastomosis (Glenn shunt), 3 a coiling
occlusion of aortopulmonary collaterals, and 1 had received
a modified Blalock Taussig shunt. The average age was
6.2 � 2.9 years, and the average body mass index was
14.5 � 2.1 (kg/m2). A summary of the baseline cardiac
assessments is shown in Table 1.
All patients underwent successful graft implantation as

the second step of a modified Fontan procedure
(Figure 2). Cardiopulmonary bypass time ranged from 83
to 120 minutes. Three patients received a graft of 18 mm
in diameter and 2 received a graft of 20 mm in diameter.
No total cavopulmonary connection was performed with a
fenestration. This new graft does not require preclotting,
and no blood was observed oozing through the prosthetic
ft material at 5003, 15003, and 35003 magnification.
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VIDEO 1. An 18-mm conduit implanted in 4.5-year-old boy (16.5 kg).

The video shows completion of the anastomosis between the conduit and

right pulmonary artery performed with running 5-0 Prolene suture. Video

available at: http://www.jtcvsonline.org/article/S0022-5223(17)30163-0/

addons.
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material despite full heparinization during cardiopulmo-
nary bypass. Surgeons who performed the operation
described the new material as flexible, easy to handle,
and easy to suture. There were no intraoperative or
postoperative complications.

No graft-related adverse events were observed during the
12-month follow-up period. Two patients with persistent
pleural effusions required interventional occlusion of
aortopulmonary collaterals. Transthoracic echocardiogra-
phy was performed at each follow-up visit (1, 6, 9, and
12 months) and demonstrated anatomical stability and
optimal function of the extracardiac conduit in all patients.
Magnetic resonance imaging (MRI) was performed in 4
patients (in 1 after 9 months and in 3 after 12 months)
and 4-dimensional (4D) flow imaging showed that there
was laminar flow without turbulence (Figure 3). The fifth
patient was unable to complete MRI because of an allergic
reaction during the sedation before the examination. 4D
flow MRI allowed for a comprehensive evaluation of blood
flow patterns using blood flow visualization and flexible
retrospective quantification of flow parameters. The mean
left ventricular ejection fraction was 53.6� 9.3 at 6 months
and 57.6 � 6.1 at 12 months. Echocardiography allowed us
to exclude turbulence or thrombus in the graft.
TABLE 1. Transthoracic echo and angiography values before surgery

Demographics

Value ± standard deviation

(N ¼ 5)

LVEF 62.6 � 3.3

Systolic pulmonary artery pressure 14.8 � 2.6

Diastolic pulmonary artery pressure 7 � 0.9

Regurgitation AV valve Minimum to mild

Regurgitation outflow valve None

Outflow tract obstruction isthmus None

Outflow tract obstruction aortic arch None

LVEF, Left ventricular ejection fraction; AV, atrioventricular.

1544 The Journal of Thoracic and Cardiovascular Sur
Postoperative diameters and maximal velocities in the graft
are summarized in Table 2.

One patient demonstrated an abnormal qualitative
assessment of ventricular function that developed at
the 6-month visit and was still apparent at 12 months.
Three patients received warfarin (because of prolonged
immobilization), and 2 patients were treated with
aspirin as long-term anticoagulation. Two cardiac-
related adverse events were reported: bundle branch
block in one and sick sinus syndrome in another
patient, but neither required treatment. Four patients
experienced 6 other adverse events: pleural effusions
in 3, pneumonia in 1, and Dressler syndrome in 1
whereas 1 patient had significantly reduced function
of the systemic ventricle. None of these adverse events
was considered as related to the graft.

DISCUSSION
Preclinical studies in animals (results not shown in detail

here) performed with this new graft have demonstrated that
the material is well tolerated, initiating a normal tissue
response as soon as it is implanted (Figure 4).22 These
studies in animals have shown promising results in the
pulmonary position: 1 year after implantation, the polymer
was fully fragmented but not fully resorbed. Histologic
examinations showed a bioabsorption process that is still
active at this time22 Figure 4 provides an overview of the ab-
sorption process over time: it shows a gradual replacement
of the prosthetic material by autologous neotissue. The
implant starts to become fragmented after 6 months and
the process continues until 12 months. Contrary to
polytetrafluoroethylene (PTFE), there is a very clear
absorption occurring, starting with fragmentation of the
polymer before it is finally digested by inflammatory cells
involved in the process.

Long-term studies in sheep have shown that at 2 months
and beyond, the derived burst pressure of the explant
(implant þ neotissue) is in all cases greater and on average
more than twice as high compared with the burst pressure of
a bare scaffold implant and compared with a native
pulmonary artery. The same study also demonstrated that
the implant material has lost its mechanical integrity at
6 months after implantation (the graft is fragmented), indi-
cating that functionality has been taken over completely by
the newly formed tissue.22

The endogenous tissue restoration process mimics
normal tissue regeneration: mild leukocyte infiltration,
ingrowth of neointima (lined with endothelium), influx of
myofibroblasts, and finally collagen and elastin formation.
Histologic examination at 53 weeks after implantation
with hematoxylin and eosin staining highlights that there
are islands of prosthetic material surrounded by a
meshwork of refractile fibers with various giant cells,
lymphocytic activity, and the presence of collagen fibers
gery c June 2017
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FIGURE 2. Intraoperative site: implantation of the novel vascular graft between the inferior vena cava and the pulmonary artery.
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and blood vessels (Figure 5). In some areas, the graft
material is encapsulated completely in connective tissue.
Mechanical testing of the explanted grafts indicated that
the developed new tissue has a high burst pressure that
exceeds the limits required for a commercial conduit.
FIGURE3. Magnetic resonance imaging of the vascular graft at 6months’

follow-up in Patient 1, showing frontal view of graft and 4-dimensional

imaging view that demonstrate the patency of the conduit.

The Journal of Thoracic and Car
Since 1983, 709 operative procedures to realize a Fontan
circulation have been performed at the Bakulev Center for
Cardiovascular Surgery, including 476 (67%) extracardiac
cavopulmonary conduits with an overall operative mortality
of 5.7%. Most of the conduits (428 or 90%) were made of
expanded PTFE (W. L. Gore & Associates, Inc, Flagstaff,
Ariz) with diameters ranging between 14 and 24 mm.
All patients who received this new vascular graft did well

at the 12-month follow-up visit. The majority of adverse
events were pleural effusions, a well-known complication
after a Fontan procedure. The etiology is multifactorial,
but there is no prophylactic treatment or special operative
strategy to avoid postoperative pleural effusions.23,24

Arrhythmias commonly are reported after the modified
Fontan procedure,25 and in this small series, 2 patients expe-
rienced branch bundle block and sick sinus syndrome.
These events were both classified as mild events and did
not require treatment, although they were not resolved at
1 year after implantation.
No graft-related adverse events were observed during the

clinical observation up to 12 months after the graft implan-
tation. One patient experienced a significant decrease in
ventricular function. This event was thought to be due to
hypercirculation in the collaterals and resolved after
interventional occlusion of aortopulmonary collaterals.
diovascular Surgery c Volume 153, Number 6 1545



TABLE 2. Postoperative conduit diameter in mm (A) and maximal blood flow in cm/s (B) assessed at 3 levels: SVC, in the middle segment of the

graft, and at the level of the IVC

Pt 01-001 01-002

Level SVC Mid IVC SVC Mid IVC

F/u 12 mo 24 mo 12 mo 24 mo 12 mo 24 mo 12 mo 24 mo 12 mo 24 mo 12 mo 24 mo

A 16 14 20 19.7 13.2 14.5 16.5 17.4 16 18 19.6 19.1

B 28 36 25 38 40 14 35 46 32 75 27 43

SVC, Superior vena cava; IVC, inferior vena cava; F/U, follow-up; n/a, not available.
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This event was reclassified as cardiac failure by the clinical
review committee. Otherwise, all significant adverse events
reported were resolved at the end of the study.

Echocardiography and 4D flow MRI confirmed a normal
function of the conduits with absence of thrombus and
blood flow turbulence. The anatomical stability of the grafts
was confirmed by the assessment of conduit diameters and
wall thickness. No obstruction was seen at the level of the
anastomoses or within the conduit up to 12 months after
implantation.

Echocardiography, however, was limited to show precise
pictures of the proximal and distal portions of the conduit,
and it was not possible to estimate the length of the conduit
in every patient. As expected, early assessment of the
conduit via the use of echocardiography was extremely
difficult up to 1-month postimplant, due to postoperative
mediastinal changes.

An increasing number of ‘‘Fontan patients’’ are now
entering adulthood, and these patients are facing an
uncertain future because this procedure remains a palliative
treatment.26 Themost common reason for reoperation is ste-
nosis of the conduit.27,28 The most frequently used artificial
FIGURE 4. Process of bioabsorption observed with the Xeltis new vascular gr

(up to 53 weeks). Data from preliminary experiments. Adapted from Schoen a

1546 The Journal of Thoracic and Cardiovascular Sur
conduits for the second step of the modified Fontan
procedure (total cavopulmonary connection) include
PTFE and Dacron. Dabal and colleagues29 looked at the
long-term results of PTFE conduits used for the Fontan pro-
cedure. They reviewed 207 patients over 23 years and re-
ported that a modified Fontan operation using a 16-mm or
greater extracardiac conduit combined with a bidirectional
Glenn shunt offers excellent long-term survival, freedom
from reoperation, and good functional state.29

Van Brakel and colleagues30 reported recently that the
incidence of conduit stenosis in Dacron grafts was
extremely high after a Fontan procedure. They
retrospectively examined 12 patients who received a
Dacron graft and found that 66% (8 of 12) underwent
reoperation because of conduit stenosis. All explanted
conduits were replaced with PTFE grafts. The explanted
conduits showed tissue deposits on the inner surface.30

Conduit size is probably the most significant independent
predictor of early conduit-related intervention, most likely
resulting from patient outgrowth with regard to the size of
the implanted conduit.31 Restrepo and colleagues32 used
MRI to study the flow rates in the conduit after
aft: cell infiltration, tissue formation, graft replacement, and graft removal

nd colleagues,22 with permission.

gery c June 2017



TABLE 2. Continued

01-003 01-004 01-005

SVC Mid IVC SVC Mid IVC SVC Mid IVC

12 mo 24 mo 12 mo 24 mo 12 mo 24 mo 12 mo 24 mo 12 mo 24 mo 12 mo 24 mo 12 mo 24 mo 12 mo 24 mo 12 mo 24 mo

18 19.4 18 19.5 18 19.7 17.9 18.5 18.2 19.7 19.7 18.6 n/a 18.3 n/a 18 n/a 17.4

29 29 13.5 25 11 27 21 16 16 25 10 29 n/a 31 n/a 35 n/a 27
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implantation. They showed that the flow rate increased
proportionally to the body surface area but that the conduit
diameter did not match the somatic growth of vessel; this
results in a significant energy loss over time. Oversizing of
a conduit is likely to be associated with longer conduit life.

The new vascular graft presented in this paper may pro-
vide an original alternative to synthetic grafts: the conduit
becomes more biocompatible with time and may reduce
the need for reoperation due to outgrowth of the graft.
With this in mind, it may provide a better and longer
FIGURE 5. Hematoxylin and eosin staining of an explanted graf

The Journal of Thoracic and Car
solution for pediatric patients who require a Fontan
procedure to treat complex congenital diseases.

CONCLUSION
This small series confirms that this new conduit is a

viable alternative to allografts and synthetically
manufactured conduits. Initial clinical experience suggests
that this novel technology has the potential to improve
cardiac and vascular procedures by reducing permanent
implant related complications. Longer follow-up, however,
t at 53 weeks postimplant from preclinical studies in animals.

diovascular Surgery c Volume 153, Number 6 1547
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is needed to fully assess the long-term effectiveness of this
bioresorbable vascular graft.

Webcast
You canwatch aWebcast of this AATSmeeting presentation
by going to: http://webcast.aats.org/2016/Video/Tuesday/
05-17-16_Ballroom_III_1400_Svanidze-800.mp4.
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Discussion
Dr S. Sano (Okayama, Japan). Thank
you. Congratulations for your excellent
results.

The advantages of tissue-engineered
grafts are the potential for growth and
to obviate the need for antiplatelet and
anticoagulant therapy. Shin’oka and Hi-
bino in the TokyoWomen’s Group have

implanted tissue-engineered grafts seeded with autologous

bone marrow cells. They published their midterm clinical re-
sults in JTCVS in 2005 and their long-term results of 25 total
cavopulmonary connection grafts in JTCVS in 2010.

Your new graft isn’t a seeded graft, so if the result is the
same or better than a seeded graft, this is certainly an
innovative technique.

I have a few questions. Did you confirm the safety of your
materials? Also, do you have animal study data of the
histology in the long-term follow-up?

In your manuscript, you mentioned that the preclinical
studies in animals were performed with the new graft. You
have demonstrated that the vascular material is well tolerated
in the initial 18 and has a normal tissue response as soon as it
is implanted; however, I couldn’t find any preclinical animal
study papers published. That’s the first question.

Dr Svanidze. We did quite extensive
studies in animals and histology
evaluation at different time points start-
ing from 5 days and up to 12 months.

These data are going to be published
soon. The manuscript is being pre-
pared. The development of this device
started as a classical tissue engineering

project with seeded cells on the top of the polymet scaffold.

But later on during several preclinical tests, we found that
there was not a significant difference between the group
with seeded cells and with the pure polymer scaffold. So
then, the decision was made to go just with a polymer alone.

Dr Sano. The second question is major complications of
the Tokyo Women’s series is graft stenosis. From their
report, graft stenosis was found in 6, 25% of the patients
with a mean follow-up of 6 years. So I think it is too early
to say your new graft is superior to a seeded graft with
only 12 months of follow-up.

And one of the advantages of tissue engineering graft is
obviating the need for antiplatelet and anticoagulant
therapy; however, you used the warfarin in 3 patients and
aspirin in 2 patients. Could you explain why you used these
drugs?

Dr Svanidze. Yes. First of all, the decision to go with the
purely polymeric graftwasmade for practical reasonbecause
by using classical tissue engineering with seeded cells, these
devices are not very practical for commercial production.
The Journal of Thoracic and Car
And then regarding the anticoagulation, we didn’t
anticoagulate our animals at all. But with this study, 3
patients received long-term anticoagulation with warfarin
and 2 patients just for 3 months, and this was determined
by the policy of the particular departments because those pa-
tients were from 2 different departments.
Dr Sano. Thank you. I look forward to hearing about

the long-term results of this new graft and also the new
valve-to-conduit. Thank you. Congratulations.
Dr Svanidze. Thank you. And we’re preparing 2-year

data to be submitted to the European Association for
Cardio-Thoracic Surgery meeting in Barcelona.

Dr D. Kalfa (New York, NY). Thank
you for this presentation and congrats
for this work.

Dr Sano just emphasized the need
for more preclinical in vitro results.
Dr Sano was talking about the
histologic in vitro evaluation mainly,
but what about the growth potential of

this device? And, what about the mechanical properties of
diovascular Surge
this polymer and device, since the controlled loss of
mechanical properties is one of the main potential mid- or
long-term risks for this kind of tissue engineering devices.
Could you please comment on these 2 points?
Dr Svanidze.Of course, the potential of the growth is very

important, but we decided to go step by step and take first as a
proof of concept just regular adult animal implants and see
how the device will perform in those animals.
With the next phase, we are planning to do implantations

in the young sheep, in the growing model to see whether this
technology will allow the growth.
The other problem here is that the growth rate between the

animals and humans are different, and while you will design
the device that will be sufficient in terms of the speed of
growth for human, it might not work in an animal. So this
needs to be taken into consideration as well.
Dr Kalfa. What about the mechanical properties?
Dr Svanidze. Regarding the mechanical properties, we

found that implant had slightly higher strength than the native
tissue. Thiswas confirmed at several time points of explant of
the device. And as I said, at 6 to 8 weeks after surgery, the
mechanical property is being taken over by neo-tissue.
Dr Kalfa. Thank you.

Dr J. Salazar (Jackson, Miss). Just to
clarify, when you say stronger than
native tissue, you’re referring to
pulmonary artery tissue, or what are
you comparing it to?
Dr Svanidze. Yes, to the pulmonary
artery tissue and still keeps the
compliance about 15%.
Dr Salazar. And no aspirin was necessary at all?
ry c Volume 153, Number 6 1549



Congenital: Evolving Technology Bockeria et al

C
O
N
G

Dr Svanidze. No.
Dr Z. Al-Halees (Riyadh, Saudi Ara-
bia). I presume the implantation in
patients with Fontan was without a
valve, I mean a valveless conduit.
Was it?
Dr Svanidze. No valve. It was a just a
vascular graft.
Dr Al-Halees. So clinically you don’t

know how the valved conduit will function? The valve itself
1550 The Jou
has not been tested in patients for function?
Dr Svanidze. We developed a valved conduit that has

been implanted in animals and has shown quite encouraging
results. So as I said, it opened the way to start clinical trials
later this summer.

Dr Al-Halees. So did you have any histologic evaluation
of the valve leaflets within the conduit from these animals?

Dr Svanidze. Yes. The valve leaflets have been, of
course, evaluated and showed restoration of the tissue.
However, it was slower for the leaflets, and we explained
this by differences of mechanical loads and hemodynamic
conditions for the leaflets and the wall of the conduit.

Dr Al-Halees.And remained competent and no stenosis?
Dr Svanidze. No stenosis, and it was trivial to mild

regurgitation noticed at 6 and 12 months.
Dr Al-Halees. Thank you.
Dr A. Jones (Virginia Beach, Va). I was curious as to the

cell types that you were seeing that had infiltrated into the
graft.

Dr Svanidze. Usually it starts as a regular inflamma-
tory response with microphages starting to digest a
polymer, but because of the unique structure of this
matrix, it creates favorable conditions for cells to be
rnal of Thoracic and Cardiovascular Sur
developed and fibroblasts taking over later on with de-
posits of proteins there. And we even found develop-
ment of elastin, which is quite important for good
performance of the leaflets and which keeps compliance
of this device.

Dr Jones. Just one last follow-up. Did you notice any
transition from your macrophages from an M1 to an M2
phenotype?

Dr Gaynor (Philadelphia, Pa). I’m
sorry, we couldn’t understand that.
Dr Jones. Sure. Did you notice that
your macrophages transferred or con-
verted from an M1 to an M2 pheno-
type?
Dr Gaynor. Did macrophages convert
from an M1 to an M2 phenotype?
gery c June 2017
Dr Svanidze. No, I don’t think I have this information
now.

Dr P. Gruber (Iowa City, Iowa). Have you ever tested
this in the systemic circulation?

Dr Svanidze.Yes. This type of conduit has been tested in
the descending aorta in sheep, with the similar properties of
the polymer, and it performed quite well. Also, the
development of the aortic valve has started just a few
months ago.

Dr J. Gaynor. When you make the conduits, can they be
cut without unraveling? I mean, you don’t have to preform
them for a particular patient, right? Can you cut it, the
length, and tailor it to fit anybody?

Dr Svanidze. Yes. You can cut it fairly easily. It behaves
exactly like Gore-Tex, and you don’t have to preform it for a
particular patient.
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