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Abstract

No previous reports have compared the suit-
ability of expanded polytetrafluoroethylene
(ePTFE) and polypropylene as artificial suture
materials for chordal reconstruction in mitral
valve plasty (MVP) in the dog. Twelve normal
dogs were subjected to MVP using surface-
induced deep hypothermia. In the short-term
group (1.5-4 months after surgery), all ePTFE
sutures were covered by a tissue sheath
including the paired suture arms, which gave
the appearance of native chordae from 2
months after surgery. In contrast, all polypropy-
lene sutures were not covered by tissue, and
appeared the same as the paired polypropylene
suture arms at the operation. In the long-term
group (12 months after surgery), all ePTFE
sutures were covered by a tissue sheath, which

appeared the same as that in the short-term
group, and had flexibility without increased
thickness with time. In contrast, although the
polypropylene suture was covered completely
by a tissue sheath in 1 dog, all the other
polypropylene sutures were exposed except for
both ends of the suture. ePTFE may be superi-
or to polypropylene as an artificial suture
material for chordal reconstruction in MVP.

Introduction

Myxomatous degeneration of the mitral
valve results in elongation or rupture of the
chordae tendineae and is the most common
cause of mitral regurgitation (MR) in the dog.1
Two surgical procedures have been described
in the treatment of MR in humans2 and dogs,3-
9 mitral valve replacement (MVR) and mitral
valve plasty (MVP). MVP is preferred to MVR as
the first choice in surgical treatment of MR in
humans,10 because postoperative anticoagu-
lant therapy is not required. Optimal anticoag-
ulant effects are hard to control in dogs;5
therefore, this is a factor in favor of the use of
MVP rather than MVR in this species. Artificial
material is needed for chordal reconstruction
in most MR cases,11-13 and expanded polytetra-
fluoroethylene (ePTFE) has been used with
good results in clinical MR cases in humans14-
16 and dogs.7,9 There are detailed experimental
reports on the use of ePTFE sutures as artifi-
cial chordae in sheep.13 However, similar study
in dogs is limited and small scale.14 In addi-
tion, there is no report comparing ePTFE and
polypropylene sutures as artificial chordae for
chordal reconstruction in the dog.
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Table 1. Study subject characteristics and experimental results of MVP using artificial suture material (ePTFE and polypropylene).

No.        Breed       Sex     Body weight (kg)                               Artificial suture                                Postop SM               Postop days
                                                                                      A1-2                                           A2-3                                                             

1                Mixed             F                          6.7                                 ePTFE                                                     Prolene                               -                                          45
2                Beagle            M                         10.4                              Prolene                                                     ePTFE                                 -                                          50
3                Beagle            F                          5.9                                 ePTFE                                                     Prolene                               -                                          61
4                Beagle            M                          7.4                               Prolene                                                     ePTFE                                 -                                          62
5                Beagle            F                          6.9                                 ePTFE                                                     Prolene                               -                                          89
6                Mixed             F                          8.4                               Prolene                                                     ePTFE                              1/6                                       92
7                Mixed             M                          11                                Prolene                                                     ePTFE                              1/6                                      115
8                Mixed             F                          7.3                                 ePTFE                                                     Prolene                               -                                         119
9                Beagle            M                          8.5                               Prolene                                                     ePTFE                                 -                                         355
10              Beagle            F                          7.6                                 ePTFE                                                     Prolene                               -                                         364
11              Mixed             M                         12.5                                ePTFE                                                     Prolene                               -                                         365
12              Mixed             F                          7.8                                 ePTFE                                                     Prolene                               -                                         375
ePTFE, expanded polytetrafluoroethylene; Prolene, polypropylene; Postop SM, postoperative systolic murmur; A1-2, reconstructed A1-2 strut chorda of the anterior leaflet; A2-3, reconstructed A2-3 strut chorda of the
anterior leaflet.
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This study aimed to investigate the suitabil-
ity of ePTFE and polypropylene as artificial
material for chordal reconstruction in MVP in
the dog. 

Materials and Methods

This study was carried out according to the
animal care guidelines in place at the time at
the School of Medicine, Nagoya University,
from 1994 to 1995. Twelve dogs (6 mixed
breeds and 6 beagles) were divided into 2
groups: the short-term (1.5-4 months; 8 dogs)
and the long-term (12 months; 4 dogs) groups.
The mean body weight was 8.4 kg (range: 5.9-
12.5 kg) (Table 1). 

An open-heart method with surface-induced
deep (20°C) hypothermia under ether anes-
thesia was employed.6 The surgical approach
consisted of a left 5th intercostal thoracotomy
and left atriotomy in the right recumbent posi-
tion. Two strut chordae of the anterior leaflet
(A1-2, A2-3) were resected (Figure 1A). The arti-
ficial sutures used in the study included ePTFE
(Gore-Tex® CV-5; Gore-Tex; WL Gore &
Associates, Inc., Flagstaff, AZ, USA) and
polypropylene (Prolene® 4-0; Prolene; Ethicon,
Somerville, NJ, USA) with 2 needles, one at
each end. Both types of sutures consist of syn-
thetic, nonabsorbable monofilament material;
however, the surface of the former is microp-
orous while that of the latter is smooth. The A1-

2 and A2-3 chordae were replaced with either an
ePTFE or a polypropylene suture; if the A1-2

chorda was replaced with an ePTFE suture, the
A2-3 chorda was replaced with a polypropylene
suture, and vice versa (Table 1).

Chordal reconstruction was carried out as
follows. A suture with a pair of needles was
secured at the site of the resected chorda in
each papillary muscle by suturing in a figure-
of-8 pattern. Next, each needle was passed in a
scroll-like pattern from the ventricular to atrial
side at either side of the remnant of the resect-
ed chorda in the anterior leaflet (Figure 1B).
The length of the artificial suture was then
adjusted to that of the neighboring chorda, and
the suture ends were ligated at the atrial side.

Each dog was euthanized with pentobarbital
anesthesia at a predetermined postoperative
stage (45-375 days). After gross examination,
the heart specimens were fixed in Bouin’s
solution for light microscopy and in osmic acid
for scanning electron microscopy.

Results

All dogs survived and had no clinical signs of
thromboembolism or heart failure after the
surgery. Two dogs exhibited postoperative
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Figure 1. Surgical diagram of resected chordae (A) and the chordal reconstruction
method (B). Two strut chordae (A1-2, A2-3) of the anterior leaflet were resected and recon-
structed using 2 types of artificial suture material. The suture was secured at the site of
attachment of the resected chorda to the papillary muscle with a figure-of-8 suture pat-
tern. Each needle of the suture arms was passed in a scroll-like pattern through either
side of the anterior leaflet at the site of the resected chorda. The length of the artificial
suture was adjusted according to that of the neighboring chorda, and the suture was lig-
ated at the atrial side. AL, anterior leaflet; APM, anterior papillary muscle; PPM, poste-
rior papillary muscle.

Figure 2. Macroscopic photograph of No. 1 (45 days after the operation). The paired
ePTFE suture arms (arrows) are not covered by a tissue sheath except at the papillary
muscle and anterior leaflet sides (A). In contrast, the paired polypropylene suture arms
(arrows) are not covered by tissue at both the anterior leaflet side (B) and papillary mus-
cle side (C).
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Levine 1/6 systolic murmur due to inappropri-
ate length of the artificial suture (Table 1). 

Results in the short-term group were as fol-
lows. At 45 and 50 days postoperatively, the sur-
face of each ePTFE suture was covered by a
thin layer of delicate connective tissue, and
retained the appearance of a paired ePTFE
suture except at the papillary muscle and ante-
rior leaflet sides (Figure 2). However, 2
months or more after the operation, the paired
ePTFE suture was surrounded by a connective
tissue sheath and appeared like a native chor-
da. In contrast, all polypropylene sutures were
devoid of any tissue throughout the whole
length and gave the appearance of a paired
polypropylene suture, similar to the appear-
ance at the time of the operation (Figure 3).

Results in the long-term group were as fol-
lows. All ePTFE sutures were covered by a con-
nective tissue sheath, similar to the short-term
group, and had not thickened with time
(Figure 4). On the other hand, all polypropy-
lene sutures were exposed with no connective
tissue covering except at either end of the
suture; there was however an exception in 1
dog (No. 10), in which the paired polypropy-
lene suture arms were surrounded by a con-
nective tissue sheath (Figure 5). On histologi-
cal examination, the connective tissue sheath
consisted of a layer of dense collagenous tis-
sue with an endothelial lining. Various num-
bers of fibroblastic cells were interspersed
with bundles of collagenous fibers. The col-
lagenous fibrous tissue extended into the
numerous microscopic pores of the ePTFE
suture to varying degrees, thereby creating a
close connection between the artificial chorda
and the surrounding fibrous tissue (Figure 6;
No. 4). These histological findings were con-
firmed by scanning electron microscopy
(Figure 7A). However, the polypropylene
suture in No. 10 had no connection with the
surrounding connective tissue and seemed to
slide within the sheath (Figure 7B). 

Discussion

Artificial material used for reconstruction of
the chordae tendineae of the mitral valve
requires the following properties: minimal for-
eign-body reaction and resultant thrombosis,
preservation of flexibility, and good durability. 

There are many experimental reports about
the suitability of various artificial materials for
reconstruction of the chordae tendineae of the
mitral valve. Early reports11 on silk, Teflon, and
Dacron warn about the danger of thrombosis
and degeneration over time. Relatively recent
reports11,12 on autologous and xenograft peri-
cardium suggest that gradual loss of flexibility
caused by partial calcification and fibrous
thickening of the pericardium graft resulted in

                             Article

Figure 3. Macroscopic photograph of No. 3 (61 days after the operation). The paired
ePTFE suture arms are covered together by the tissue sheath and form a single chorda,
giving the appearance of a native chorda in this dog (large arrow). In contrast, the paired
polypropylene suture arms are not covered by tissue (small arrow).

Figure 4. Macroscopic photograph of No. 9 (355 days after the operation). Although the
sheath covering the paired ePTFE suture arms has not changed (large arrow), the paired
polypropylene suture arms on the papillary muscle side are partially covered by a tissue
sheath (small arrow).
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maintenance of competence for only up to 3
years. A recent study investigating the use of
ePTFE suture in sheep13,14 and dogs14 reports
good results with this artificial material as
mitral valve chordae tendineae. A large-scale
study13 in sheep has revealed that the ePTFE
sutures were completely covered with endocar-
dial tissue from the papillary muscle from 3
months after the operation. A small-scale
study14 of the use of ePTFE suture in 4 dogs
presents good results 13 months after the oper-
ation. Most recently, a long-term clinical report
shows good results with ePTFE sutures in 2
small dogs, which survived for approximately 9
years after the MVP operation.17 

In the current study, each ePTFE suture was
covered with endocardial tissue from both the
papillary muscle and anterior leaflet sides from
1.5 months after the operation, and each
ePTFE suture was completely covered by a tis-
sue sheath and appeared like a native chorda
from 2 months after the operation in the short-
term group. In the long-term group, the ePTFE
suture showed no changes in thickness or flex-
ibility 12 months after the operation and
appeared like a native chorda, as reported in
sheep.13 Interestingly, in humans who under-
went re-operation for recurrence of MR at 9
months after the clinical operation, the ePTFE
suture material was only covered by fibrous
tissue where it was in contact with the leaflets
and papillary muscles.15 Coverage of ePTFE
suture arms with a tissue sheath appears to
occur earlier in dogs than in sheep and
humans.

In contrast, the paired polypropylene suture
arms were not covered by tissue in the short-
term group and, except in 1 dog, only partially
covered with endocardial tissue from both the
papillary muscle and anterior leaflet sides in
the long-term group. 

On microscopic and ultramicroscopic exam-
ination, the ePTFE suture arms were connect-
ed with the surrounding tissue sheath by
fibrous bridges in both dog groups, and calcifi-
cation was not detected in the new chordae;
these findings were similar to those found in
sheep. The polypropylene suture did not, how-
ever, show any connection with the tissue
sheath and appeared to slide within the tissue
sheath, even in the single dog with a tissue-
covered polypropylene suture.

A limitation of the present study is that the
number of study subjects was small, particular-
ly for the first 2 months postoperatively during
which both suture types essentially retained
their appearance at the time of the surgery.
Further large-scale studies are warranted to
fully investigate postsurgical changes after
chordal reconstruction in dogs.
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Figure 5. Macroscopic photograph of No. 10 (364 days after the operation). The paired
ePTFE suture arms are covered with a sheath, similar to that in the short-term results,
giving the same appearance as the native chorda. The artificial chorda has not increased
in thickness with time (large black arrow). In this dog, the paired polypropylene suture
arms have eventually been covered by a tissue sheath (small white arrow).

Figure 6. Microscopic photograph of an ePTFE suture 2 months after the operation (No.
4) (Azan-stain, ×100). The collagen tissue (small arrows) intrudes into the many micro-
scopic pores in the ePTFE suture (PTFE), and the ePTFE suture is closely connected with
the surrounding tissue by the fibrous bridges.

Non
 co

mmerc
ial

 us
e o

nly



[page 82]                                                [Veterinary Science Development 2017; 7:6683]

Conclusions

In the comparison of ePTFE and polypropy-
lene for use in MVP in the dog, there does not
appear to be any difference in durability or
flexibility between the 2 suture materials.
However, from the viewpoint of thrombus risk,
ePTFE may be superior to polypropylene
because the former is completely covered with
an endocardial tissue sheath from 2 months
after surgery.
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Figure 7. Scanning electron microscope photograph of an ePTFE suture 375 days (left;
No. 12) and a polypropylene suture 364 days (right; No. 10) after the operation. The
ePTFE suture (PTFE) is closely connected with the surrounding tissue sheath by fibrous
bridges (A), although the polypropylene (Prolene) suture is not (B).
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