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OPEN-HEART procedures require perma-
nent implantation of suture material within
the heart for closure of atrial and ventric-
ular septal defects and the repair of
cardiotomy incisions. These sutures, acting
as foreign bodies, may induce thrombus
formation or provoke excessive edema
which, if near the ventricular conduction
system, may predispose to heart block. In-
flammatory changes following suture im-
plantation may result in endocarditis, myo-
carditis, pericarditis or abscess formation.'

Mersilene "* suture has been shown to
be less reactive than silk when implanted
in the skin, subcutaneous tissues and fas-
cia.'-3' 5Also, it provides greater tensile
strength with a smaller caliber.2' There-
fore, it seemed worthwhile to compare ex-
perimentally the reactions of Mersilene and
silk sutures in heart tissue. Early and late,
gross and microscopic changes were
studied. The tensile strength of the two
materials was determined after varying
intervals of implantation.

Experimental Method

Using proximal inflow occlusion and
right atriotomy, interrupted sutures of
atraumatic 3-0 silk and 3-0 Mersilene were

* Submitted for publication May 20, 1960.
" Mersilene sutures are Dupont's dacron

polyester fibre. Supplied by Mr. C. W. Norman,
Ethicon, Inc., Somerville, New Jersey.
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placed in the atrial septum of dogs (Fig.
1 A). These two sutures were placed in
the same dog, far enough apart in the
atrial septum to prevent overlapping of the
cellular reaction so that each could be
studied separately. In this way, each dog
served as his own control for the two ma-
terials. To avoid crushing tissue, each su-
ture was tied loosely. The atrium was
closed with a continuous atraumatic 3-0
silk suture.
The remainder of each Mersilene and

silk suture was implanted in the chest wall
muscle during closure. This provided a
means of comparing the tensile strength of
each suture after varying intervals of
implantation.

Forty-six dogs were prepared as de-
scribed. The findings at the time of sac-
rifice were classified into early, inter-
mediate and late groups. In the early
group, four dogs were sacrificed at 24, 48,
72 and 96 hours, and one week after
operation. In the intermediate group, four
dogs were sacrificed at two weeks and at
one, one and one-half, and two months. In
the late group, two dogs were sacrificed at
three, three and one-half, four, four and
one-half and six months.

Gross Observations. At the time of sac-
rifice, the atrial septum was inspected for
the presence of thrombi on the suture
(Fig. 1 B, C, D). Subendocardial hemor-
rhage near the suture was assigned a 1-to-
4-plus according to the number of quad-
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FIG. 1. Gross appearance of Mersilene (M) and Silk (S). A. No abnormal reaction after12 weeks. B. At 6 weeks, fresh clot present on septal and wall (W) sutures. C. At 14 weeks,organized thrombus on both septal sutures. D. Organized clot on silk only. E. At 4 weeks,2+ (2 quadrants involved) endocardial sclerosis around silk. F. at 48 hours, 3+ 3 quadrantsinvolved) endocardial hemorrhage around Mersilene. G. At 16 weeks, endothelioid coating ofsilk, but not of Mersilene.

rants involved (Fig. 1 F). The white zone
of endocardial sclerosis noted in the myo-
cardium near the suture was similarly
quantitated (Fig. 1 E). The thickness of
the endothelioid coating (fibrin, platelets
and leukocytes) on the exposed suture sur-
face was noted (Fig. 1 G).

Microscopic Observations. A block of

tissue containing each suture was obtained
for microscopic examination. The amount
of edema was estimated according to the
amount of separation of the myocardial
b)tlndles near the sutulre mater-ial (Fig. 2 A,
B, C, D). Microscopic hemorrhage or red
cell infiltration of the tissue adjacent to the
suture was quantitated according to its
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FIG. 2 A, B, C, D. Acute microscopic appearance of Mersilene and silk. A. At 24 hours,
1+ edema and 1+ acute inflammation around the Mersilene. B. Same animal with 2+ edema
and 2+ inflammation around the silk. C. At 72 hours, 3+ edema around the silk. Note
fragmention of muscle (arrow). D. At 48 hours, 4+ edema and 3+ inflammation around
the Mersilene.

depth and the number of quadrants in-
volved (Fig. 2 E, F).
The degree of acute inflammation was

estimated by determining its depth, con-

centration and the number of quadrants of
polymorphonuclear infiltration (Fig. 2 A,
B, D). The presence of early granulation
tissue an(ld the presence or al)sence of
clironic inflanimnatory cells was also taken
into consideration.

Chronic inflammation was estimated

from its depth, concentration and the de-
gree of lymphocyte, macrophage, fibroblast
and plasma cell infiltration (Fig. 3 A, B, C,
D). The amount of collagen and granula-
tion tissue present influenced this estimate.
The presence of scar formation, the tend-
ency toward encapsulation (Fig. 3 F) of
the suttire mviaterial, and the degree of
fraiginenitattioni (Fig. 3 E) of the suture
were studied. Incidental findings, such as

the formation of suture abscesses (Fig.
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4 A), myxomatous degeneration (Fig. 4 B,
C), cartilage formation (Fig. 4 C, D),
calcification (Fig. 4 D, E, F) and os-

sification (Fig. 4 F) were noted.

Results

Gross Findings. In this series of 46 dogs,
the sutures and atrial wall closure were

free of thrombus formation in 28 dogs
(60%-Fig. 1 A). An organized thrombus
was found twice as frequently on the black
silk suture in the atrial septum (12 dogs)
when compared to the Mersilene (6 dogs).
There was an equal incidence of clot for-
mation on silk placed in the atrial septum
(12 dogs) and on the silk in the atrial wall
closure (11 dogs), but thromnbi on the
atrial wall were consistently larger (Fig.
1 B). In three dogs, a clot was present on

all three suture sites (Fig. 1 B) (atrial
septum Mersilene, atrial septum silk, and
atrial wall silk), but the thrombus was

smaller on the Mersilene in two of the
three animals. In two animals, :a thrombus
was present on the atrial septal silk and
the Mersilene and the clot was smaller
on the Mersilene in one (Fig. 1 C). In
the atrial septum, clot formation was most
commonly found on the silk onlv (4 dogs-
Fig. 1 D). One preparation had a clot on

the Mersilene only. The remainder of the
dogs had clots on the atrial wall only (5
dogs). Three dogs had a clot on both the
septal silk and the atrial wall closure.
Organizing clots were found on silk and
Mersilene more commonly during the early
period of the study, but were found as

long as six months after implantation.
There was little difference between silk

and Mersilene in the frequency and amount
of gross hemorrhage near the sutures (Fig.
1 F), of endothelioid coating of the free
surfaces of the sutuire material (Fig. 1 G),
and of endocardial sclerosis a(ljacent to
the site of implantation (Fig. 1 E).
M i c r o s c o p i c Observations-Acute

Changes. Edema was greatest on the sec-

ond and third days around both suture

FIC. 2 E, F. Acute microscopic appearance. E.
At 24 hours, 1+ hemorrhage (H) around the
silk. F. At 48 houirs, 3+ hemorrhage near the
Mersilene.

materials. In the early group (24 houirs to
1 week), edenma of slightly greater in-
tensity appeared earlier around the Mersi-
lene than around the silk (Fig. 2 A, B, C,
D), but subsided sooner around the Mer-
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FIG. 3 A, B, C, D. Chronic microscopic appearance of Mersilene and silk. A. At 4 weeks,1+ chronic inflammation near the Mersilene. B. Same animal, 2+ acute and 2+ chronicinflammation near the silk. C. At 1 week, 3+ chronic inflammation near the Mersilene. D.
Same animal, 4+ chronic inflammation and 2+ acute inflammation near the silk.

silene. An equal amount of edema was still
present around both sutures one month
after operation. No edema was noted in
later specimens.

Microscopic hemnorrlhage (Fig. 2 E, F)
was greater on the second postoperative
day around both sutures and completely

subsided in two weeks. It seemed slighUy
greater around the Mersilene than the silk
in the early group.

Actute polymorplhonuiclear leuikocytic in-
filtration was greatest on the first and
second days and completely subsided in
four weeks. Consideration of all dogs in

56



Veiume 153
Number 1

SILK SUTURES IMPLANTED WITHIN THE HEART

FIG. 3 E, F. Chronic
microscopic appearance.
E. At 4 weeks, fragmen-
tation of silk suture by
cellular ingrowth (Ar-
row). F. Same animal,
encapsulation and min-
imal fragmentation of
Mersilene.

both the early and intermediate groups in-
dicates that there was less polymorpho-
nuclear infiltration around the Mersilene
than around the silk suture (Fig. 2 A, B,
D). However, in the early group (24 hours
to 7 days), acute inflammatory reaction
was slightly greater around the Mersilene.
In the intermzediate group (2 weeks to 2
months), the inflaiiinatory reaction around
the Mersilene subsided earlier while the
leukocytic infiltration around the silk su-

ture persisted longer.

Microscopic Observations-C h r o n i c
Changes. Chronic cellular inflammation
characterized by lyinphocyte, monocyte
and plasma cell infiltration, appeared 48
hours after operation and was followed by
the appearance of macrophages, foreign-
body giant cells, fibroblasts and collagen.
This persisted to some (legree for the 24
weeks of the study. Chlronic cellular re-

action was greatest seven days after suture
implantation. Fibroblasts and foreign-body
giant cells were most numerous at 14 days.
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Chronic inflammation was greatest around
the silk suture (Fig. 3 A, B, C, D) when
all three groups were considered. Chronic
cellular reaction appeared equial in the

early group, but these changes significantly
decreased near the Mersilene in later
groups. Inflammatory changes persisted
longer and were of greater intensity around

FiG. 4 A, B, C, D. Unusual late findiings. A. At 14 weeks, a suiture abscess with myocardial
extensioni an(d silk fragmentation (arrow). B. At 14 weeks, myxomatous degeneration near a
Mersilene suture. C. At 18 weeks, myxomatous degeneration and early cartilage formation near
a Mersilene suture. D. At 18 weeks, typical cartilage formation and overlying metastatic
intracellular calcification near the silk in the atrial wall closure.
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FIG. 4 E, F. Unusual
late findings. E. At 18
weeks, ectopic calcifica-
tion near a Mersilene su-
ture. F. At 18 weeks, os-
sification of cartilage and
ectopic calcification in
the atrial wall silk
closure.

ILK SUTURES IMPLANTED WITHIN THE HEART

the silk sutures in the intermediate and
late groups.

Microscopic suture abscesses with cen-
tral suppuration (Fig. 4 A) were found in
three dogs about the silk septal suture and
in two dogs near the atrial wall silk closure.
None were found with the Mersilene. No
b)acteria were present in any of the suture
abscesses. The suture abscesses involved
the atrial septal myocardium and the free
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end of the suture material. The five suture
abscesses near the silk suture were present
in animals in which a clot had been found
grossly.

Collagen began to appear at seven days,
became prominent by 14 days and formed
organized scar by four weeks. The collagen
anid scatr tisstue tended to formn a capsule
completely walling off the suture in some
cases. Complete encapsulation (Fig. 3 F)
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TENSILE STRENGTH OF MERSILENE AND
SILK SUTURES
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FIG. 5. Tensile strength of Mersilene compared
to silk. Silk undergoes a gradual loss of tensile
strength with increasing time. The tensile strength
of Mersilene is constant and approximates U.S.P.
standards. The range of tensile strength of each
silk suture varied widely and that of Mersilene was
more uniform.

occurred more often about the Mersilene.
Fragmentation of the suture material by
ingrowth of macrophages, fibroblasts and
chronic inflammatory cells appeared at
four weeks (Fig. 3 E). The incidence and
degree was equal for the two suture
materials.
Unexpected pathologic findings were

noted in the surrounding soft tissue in
several instances. Myxomatous degenera-
tion was found in the late group of animals
adjacent to the Mersilene suture in two
dogs (Fig. 4 B, C) and in the atrial wall
silk closure in two dogs. None was found
in the septum near the silk suture. Cartilage
formation was found in large quantities
around the silk suture in one dog and
around the atrial wall silk closure in seven

dogs (Fig. 4 D). One dog showed ossifica-
tion of the cartilage (Fig. 4 F) that had
developed in the atrial wall closure. No
cartilage formation or ossification was seen

near the Mersilene suture. There were

small areas of ectopic intracellular calcifica-
tion (Fig. 4 D, E, F) near the Mersilene
suture in four dogs, near the silk in one dog
and in the atrial wall silk closure in one

dog.

A comparison was made between the
tissue reaction of the silk in the atrial wall
closure and that of the two kinds of suture
loops in the atrial septum. The method of
placing the septal sutures was designed to
minimize trauma. Atraumatic needles were

used and inserted carefully in the atrial
septum and the sutures tied loosely. A con-

tinuous 3-0 atraumatic silk suture was

used in the atrial wall closure which had
to be pulled tight enough to obtain he-
mostasis. The incidence of clot formation
on the atrial wall closure was the same as

that observed for the silk sutures in the
atrial septum. The size of the clots on the
atrial wall was uniformly larger than those
on the septal sutures. The microscopic
findings in the atrial wall closure were

much more intense. The degree of acute
and chronic inflammation was much greater
in the atrial wall than that observed ad-
jacent to either suture in the atrial septum.
The incidence of cartilage formation in the
atrial wall was significantly higher.

Tensile Strength

The tensile strength and diameter of
each Mersilene and silk suture placed in
the chest wall muscle was determined at
the time of sacrifice. Eight to 24 weeks
after implantation, the diameter of the
Mersilene varied from 9.1 to 10 mils, while
the diameter of the silk sutures varied
from 9.5 to 11.85 mils (U.S.P. 8 to 10 mils).
The diameter of the silk was consistently
larger than that of the Mersilene by values
ranging from 2 per cent to 27.4 per cent.
In two specimens the diameter of the silk
suture exceeded U.S.P. standards (8 to 10
mils) for 3-0 silk suture.

Tensile strength of the two suture ma-

terials was determined as straight pull after
wetting and was compared to the expected
stanidards for black braided .3-0 silk (U.S.P.
5.0 lbs.) (Fig. 5). The implanted Mersi-
lene compared quite favorablv with the
standard, the tensile strength of the speci-
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mens ranging from 4.35 to 5.83 pounds.
I'le (Itdirationi of imiplantation (lid not ap-

pieciably afiect the Mcrsilcne dutring the
24 wccks of the stut(ly. The tensile strcngtlh
of the Mersilenie suture was consistently
much greater than that of the silk which
varied from 4.65 to a low of 1.3 pounds at
14 weeks. The tensile strength values for
the silk showed a consistent decline from
the original U.S.P. standard after six weeks.
There was a wide variation in tensile
strength of silk sutures with the same in-
terval of implantation.

Discussion

Mersilene, a polyester fibre condensa-
tion product of ethylene glycol and di-
methyl terephthalate, is known to be well
tolerated in skin and other soft tissues.3 5
It can be sterilized by autoclaving without
loss of tensile strength or change in its
chemical properties. It is considlered to be
noncarcinogenic because it is not a coal
tar derivative.

It is desirable that the nonabsorbable
suture material used within the heart pro-

duce minimal gross and microscopic tis-
sue reaction during the immediate post
implantation period. It is also important
that it evoke minimal chronic inflammatory
changes.' 4 These factors may have greater
significance in open-heart procedures be-
cause they are foreign bodies whose free
ends are possible sites of thrombus forma-
tion. Also, they are frequently placed near

important conduction pathways where an

exaggerated tissue reaction could eventuate
in heart block. Because prosthetic ma-

terials are frequently placed near important
conduction pathways where an exagger-
ated tissue reaction could eventuate in
heart block. Because prosthetic materials
are frequently necessary to close defects,
and because healing to prosthetic ma-

terials occurs more slowly, it may be im-
portant to have a suture with greater
durablity.

TABLE 1. Relative Advantages of Mersilente
over Silk Suture

TIhroiiibus foritiatioin tt
Chroniic inflanmimiatory chainges tt
Suture abscess tt
Tensile strength tt
Suture size tt
Acute inflammatory changes t
Encapsulation t
Cartilage formation t
Ossification in myocardium t

t Slightly superior.
tt Markedly superior.

This experimental study indicates that
the early gross and microscopic changes
appear to be primarily related to the
trauma of placing the suture rather than
to a specific response to the suture ma-
terial. During the first seven days after im-
plantation, the tissue response to silk and
Mersilene in the form of edema and in-
flammatory changes are essentially the
same. However, Mersilene has several dis-
tinct advantages (Table 1) over silk when
implanted within the cardiac chambers: 1)
Thrombus formation occurs less frequently
on the Mersilene than on the silk suture.
When a clot developed on both sutures the
thrombus on the Mersilene was smaller.
2) The amount and duration of chronic
inflammatory reaction persisted longer and
was more severe around the silk than
around the Mersilene. 3) Sterile abscesses,
associated with a thrombus, were found on
the silk sutures three to six months after
implantation, emphasizing the high in-
cidence of granuloma formation with silk.
Abscesses were not seen around the Mersi-
lene. 4) The size and tensile strength of
Mersilene is more uniform and constant
than silk after varying periods of im-
plantation.

Summary
1. Loops of Mersilene and silk suture

were placed in the atrial septum by proxi-
mal inflow occlusion in 46 dogs. The ani-
mals were sacrificed at varying intervals
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fromn 24 hlours to 24 wvecks to sttudy the
gross anid mnicroscopic r-cactionls to tlle ifn-
plante(d suitur-e milaterial.

2. Mersilene appeared to be superior to)
silk when implanted within the lheart be-
cause thrombus formation was consider-
ably less, chronic inflammation was less
intense and subsided earlier and suture
abscess formation did not occur.

3. The tensile strength of Mersilene, un-
like silk, was unaffected by implantation.
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