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ABSTRACT OF THESIS

BOVINE IN T E S T IN A L  ANASTOMOSIS: E F F E C T S  OF 
SUTURE M A T E R IA L S  ON H E A L IN G

Two commonly used suture m ater ia ls  (ch rom ic  catgut and m ono­

filam ent nylon) and one re la t iv e ly  new synthetic suture m a te r ia l  - 

polyglactin  910 (v ic r y l )  w ere  used to investigate the e ffects  of suture 

m ater ia ls  on healing of sm all intestinal anastomoses in cattle .

A  total of 120 anastomoses w ere  per fo rm ed  in 20 cows (6 anas­

tom oses per cow). Each of the 3 suture m ater ia ls  (ch rom ic  catgut, 

polyglactin  910, and monofilament nylon) was used to p e r fo rm  40 

anastomoses u til iz ing  the crushing technic. The anastomoses w ere  

spaced 30 cm  apart. Random distribution of the suture m ater ia ls  

was exe rc is ed  fo r  a ll the 20 cows.

B iophysica l (bursting pressure and breaking strength) and 

m orpholog ic  (histopathology) param eters  w ere  evaluated at 7 days 

p os t -op e ra t iv e ly . Twenty one days pos t-opera t ive ly  only breaking- 

strength and histopathology w ere  evaluated, F o r  the evaluation, the 

entire  intestinal segment containing the 6 anastomoses plus about 

30 cm of norm al gut on either side of the anastomoses was harvested  

su rg ica lly  at the end of the healing period.

There  was m arked varia tion  within the results of both the

bursting pressure and breaking strength. Breaking strength results
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w ere  va r iab le  in the same animal and even the same anastomosis.

Not e v e ry  anastomosis disrupted at the anastomotic s ite. In fact, 

t ljere  was considerable varia tion  of the point of disruption.

Accurate  alignment of a ll tissue layers  of the cut ends was 

present in 32.4% of the 78 h isto log ic  sections studied. The other 

anastomoses had one or m ore  layers  evert ing . Frequently  there was 

one o r  m ore  mucosal islands in the collagenous tissue on the serosa l 

side. Chrom ic catgut had the highest percentage of the anastomoses 

with the expected apposition of the intestinal ends; nylon was the second 

and v ic r y l  had the lowest.

Po lyg lac t in  910 (v ic r y l )  was no better  than chrom ic catgut r e ­

garding intensity of ce llu lar reaction  at 7 and 21 days. There  was no 

sta tis t ica lly  significant d ifference  in the results o f bursting pressure  

and breaking strength but genera lly  there w ere  trends favoring  one 

suture m a ter ia l or the other.

Anastom oses with chrom ic catgut w ere  the best o v e ra l l  in h ea l­

ing p ropert ies .  Nylon fo llowed and v ic r y l  was the last.

Stanley Mbaka Mbiuki 
Surgical Labora tory  
Department o f C lin ica l Sciences 
Colorado State U n ivers ity  
Fort  Collins, Colorado 80523 
August, 1977
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INTRO D U CTIO N

An ever-w iden ing  a rray  of absorbable and non-absorbable suture 

m ater ia ls  is available to the surgeon today but no suture m ater ia l 

developed to date meets a ll the established c r i te r ia  of an ideal suture 

m ater ia l.

Choosing suture m a ter ia l is best done on the basis of m echan i­

cal p roperties  of the suture and the b io log ic  interaction between the 

suture and the tissue since these factors can a lter the mechanical 

properties  of the suture m a ter ia l and the physical p roperties  of the 

wound. In most instances choice of suture m a ter ia l is made on con ­

siderations other than b io log ic  interaction of suture m ater ia ls  and 

tissue partly  because there is r e la t iv e ly  litt le  published data about 

b io log ica l reactions of the suture m ater ia ls  in various t issues. Choice 

should also be made fo r  a particu lar c lin ica l situation, because tissue 

pathology such as in flammation, in fection, necros is  or m etabolic  

d iso rders ,  w il l  influence the healing of a wound.

In the literature  it has been pointed out that it is m ore  in fo rm a ­

tive to evaluate the m orpholog ica l and b iophysical changes in a healing 

wound. These param eters  are useful in determ ining the influence of 

suture m ater ia ls  on healing and are applicable to the gastro intestinal

tract.



2

Various studies have been done on healing of intestinal anasto­

m oses in d ifferen t species. L ite ra tu re  available to us, how ever, had 

no re fe ren ce  to any study on suture m ater ia ls  and healing of intestinal 

anastomoses in cattle. Extrapolation of in form ation  from  one species 

to the other is not des irab le  because species varia tion  is expected.

Although intestinal anastomosis in cattle is ra re ly  done, it is 

important that whenever a situation a r is e s ,  the ve te r ina ry  surgeon 

has re liab le  in form ation  on which to base his choice o f suture m a ­

te r ia ls  .

This investigation was conducted to determ ine the e ffec ts  of two 

commonly used suture m ater ia ls  (ch rom ic  catgut and monofilament 

nylon) and one re la t iv e ly  new synthetic absorbable suture m a ter ia l - 

Po lyg lac t in  910 (v ic r y l )  on healing of bovine jejunal anastomosis. 

M orpho log ica l and b iphysica l param eters  w ere  evaluated at 7 and

21 days pos topera t ive ly .



L IT E R A T U R E  REVIEW

Anatomy o f the Small Intestine

Genera lly  the sm all intestine is made of three parts: the 

duodenum, jejunum and ileum. The bovine jejunum is v e ry  long and 

has numerous close coils arranged as a festoon around the border  of 

the m esen tery . Caudally, b e fo re  it joins the ileum , the bovine 

jejunum is prolonged by a "U "-sh aped  se r ies  of loops on an extension 

of the m esen tery  (Habel, 197 5). The caudal coils  of the bovine 

jejunum are m ore  m obile  because of the ir  longer m esen ter ic  attach­

ment (N icke l et al. , 197 3) as compared to the dog 's jejunum which is 

made up of 6-8 large  loops suspended by a long m esen tery  (N icke l 

et al. , 1973; E llenport, 1975).

A  typ ica l c ro ss -sec t ion  of the m am m alian sm all intestinal wall 

has the fo llow ing layers  from  outside inward: serosa , muscular tunic,

submucosa, muscularis mucosae, and mucosa. The serosa  is made 

o f loose connective tissue invested by the mesothelium  of v is c e ra l  

peritoneum. The muscular tunic has an outer longitudinal and an inner 

c ircu la r  smooth muscle laye rs .  In the connective tissue between the 

two muscle layers  are numerous parasympathetic ganglionic cells  

and fibers  making the m yen ter ic  plexus. The submucosa is composed 

o f f ib rob lasts , blood v esse ls ,  lymphatics and collagen and e lastic  f ib er
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bundles of connective tissue. Submucosal ganglionic plexus is sca t­

te red  throughout the submucosa. The muscularis m ucosae, like the 

main m uscle layer ,  is made up of an outer longitudinal la yer  and an 

inner la ye r  of smooth muscle c e l ls ,  but these layers  are thin and 

incomplete except in the dog.

The mucosal la yer  has permanent folds of mucous membrane

(p licae c ir cu la r is ) .  On the surface of the permanent folds are v i l l i .

L in ing the villous surface is an epithelia l la ye r  and im m ed iate ly  below
»

is the lamina propria  which harbours intestinal glands (crypts of 

Lieberkuhn). The glands open into pits between the bases of the v i l l i  

and penetrate the mucosa as far as the m uscularis mucosae (Dellman 

& Brown, 1976). The surface epithelium of the v i l l i  and the crypts of 

Lieberkuhn is a continuous single layer  of six d ifferen t ce l l  types.

Columnar ce lls  and goblet cells  line the surface of the v i l l i  

while Paneth 's c e l ls ,  columnar s ec re to ry  c e l ls ,  argentaffin  ce lls  and 

undifferentiated cuboidal ce lls  line the crypt surface. The u n d if fe r ­

entiated crypt ce lls  usually have high m itotic  activ ity  and serve  as a 

source o f d ifferentia ted  ce l ls .  New ly  fo rm ed  ce lls  m igra te  up and' at 

the junction o f the crypts and v i l l i ,  they undergo m orpholog ic , b io ­

chem ica l and functional maturation so that absorptive columnar ce l ls ,  

goblet ce lls  and Paneth 's ce lls  are form ed. Cells  m igrating  upwards 

push o lder , m ore  d ifferentia ted  ce lls  towards the tip o f the v i l l i  and 

these o lder ce lls  are eventually extruded into the lumen. The m itotic
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activ ity  within the crypts is constant and is not influenced by e n zy ­

m atic  activ ity  or amount o f ingesta. Epithelium is renewed e v e ry  

2-7 days (Watson & Sodeman, 1974; Dellman & Brown, 1976; Guyton, 

1976).

Lam ina propria  is made up o f loose connective tissue containing 

collagen, e lastic  and re t icu lar  f ib e rs .  It fo rm s the core  o f the v i l l i  

and surrounds intestinal glands. In the lamina propria  are blood 

ve s se ls ,  lymph vesse ls  and logitudinally oriented smooth muscle ce lls  

extending from  muscularis muscosae to the tip of the v i l l i  (Dellm an & 

Brown, 1976).

B lood supply to the sm all intestines is by branches of the 

m esen ter ic  a r te ry  which penetrate the muscular la ye r  sending some 

branches to this layer  before  continuing to the submucosa, where they 

fo rm  a plexus. F rom  the plexus short a r te r io le s  supply the muscularis 

mucosae and mucosal gland areas. Long a r te r io le s  supply tips of the 

v i l l i  and fo rm  a cap illa ry  network continuous with venules (a r te r io v e n ­

ous loop). Veins from  the v i l l i  and perig landular cap il la ry  bed flow  

back to submucosal venous plexus. The submucosal venous plexi fo rm  

veins that t ra v e rs e  the muscular layers  para lle l  to the a r te r ia l  supply 

to jo in la rg e r  veins (Dellm an & Brown, 1976).
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The fo llow ing discussion is lim ited  to dom estic  m am m als and 

man. Columnar ep ithelia l ce lls  of the v i l l i  are absorptive; the abso rp ­

tive  surface being increased  by m ic r o v i l l i  on the surface of the v i l l i .  

Goblet ce lls  are m ucous-secreting  ce lls .  The cuboidal undifferentiated 

ce lls  of the crypts serve  as a source of new ce ll  populations. Paneth 's 

ce lls  are enzym e-producing ce lls  (Dellm an & Brown, 1976). A rg en ta f­

fin  ce lls  apparently produce serotonin (H il l ,  1970). The ce lls  of 

B runner's  glands of the duodenum secre te  succus entericus (Guyton, 

1976).

Intestinal movements are d iv is ib le  into m ixing and propulsive 

movements (H il l ,  1970; Guyton, 1976). M ixing movements keep the 

intestinal contents thoroughly m ixed  a ll the time and is e ffec ted  by 

segmentation, p er is ta ls is  and pendular (swaying) movements of the 

intestine. Segmentation, which is loca l contraction of sm all s e g ­

ments of the gut, m ay take place in any part of the intestine and is 

enhanced by parasympathetic stimuli. The ingesta, in addition to 

being m ixed, is repeated ly exposed to the absorptive mucosa during 

m ixing.

P e r is ta ls is ,  the basic propulsive m ovem ent, is an inherent 

property  of syncytia l smooth m uscle. Stimulation of the gut at any 

point w i l l  fo rm  a contractile  ring which is spread in both d irections. 

Distension, the main stimulus o f the gut, w i l l  cause a contractile

Physiology of the Small Intestine
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ring 2-3 cm  an ter io r  to the distension and this fo rces  contents anal- 

ward. Although the per is ta ls is  occurs in both d irections, the orad 

wave dies rapid ly while the analward wave tra ve ls  some distance. In 

the dog, s ix  to ten waves may occur in a 15 cm long intestinal segment 

and each wave fo rces  the contents a short distance (H il l ,  1970). V e ry  

intense ir r ita t ion  o f the intestinal mucosa or excess ive  distension can 

e l ic i t  a "p e r is ta lt ic  rush" which is a powerfu l per is ta lt ic  wave which 

fo rces  the contents into the colon, re l ie v in g  the excess ive  distension 

o r  expelling the irr itan t. This is due to enhanced e le c t r ic a l  activ ity  

of m yen ter ic  plexus by a superimposed stimulus. E ffectual per is ta ls is  

requ ires  an active m yen ter ic  plexus although the basic phenomenon 

does not depend on m yen ter ic  plexus.

V illous movements are  e ffected  by the m uscularis mucosae and 

individual muscle f ib ers  within the v i l l i .  T h e ir  stimulus is e ither 

loca l or sympathetic. These movements a llow  absorption and t ra n s ­

port of lactea l contents to lymphatics.

Intestinal Anastomosis

Intestinal anastomosis is not commonly per fo rm ed  in the daily 

work of a c lin ica l bovine veter inar ian  and as such, one is less adept 

at the actual technical procedure. Intestinal su rgery  requiring 

anastomosis is usually per fo rm ed  as an em ergency  procedure and has

re la t iv e ly  few  indications.



8

Indications for intestinal su rgery  in cattle include: 1) traumatic

intestinal in jury (Frank, 1964); and 2) obstructions in ter fe r ing  with 

blood supply, espec ia l ly  where there is a likelihood of n ec ros is ,  as 

occurs with strangulating hern ias, volvulus of the jejunum, intussus­

ception, fo re ign  body, and constr ic t ive  adhesions (Frank, 1964; B erge  

& Westhues, 1966; H o fm eyr , 1974; M itche ll,  1975).

In cattle co lic  occurs some hours a fter obstruction and signs 

m ay disappear in 9-12 hours. The course of the disease may be 8-14 

days (H o fm eyr ,  1974). This may im ply  a better  prognosis in a case 

o f delayed treatment as com pared to other species.

A l l  anastomotic techniques are surg ica lly  successfu l from  a 

mechanical standpoint but the ideal anastomosis is one where all 

la yers  are p er fec t ly  aligned as seen h is to log ica lly . This is because 

it w i l l  a llow  per fec t  healing with m in im al scar (DeHoff et al. , 1973). 

Meticulous surg ica l technique is essentia l fo r  rapid healing o f surg ica l 

wounds including intestinal anastomotic wounds (E lk in , 1940; Herman 

et al. , 1964; Peacock  & VanWinkle, 1970; Jackson et al. , 1971;

DeHoff, 1975; G r ie r ,  1975; Nakanishi, 1975). A ccord ing  to B rom w ell 

et al. (1967), Peacock  and VanWinkle (1976) and G r ie r  (1975), a ll 

anastomoses apparently leak to some extent and successful healing 

depends on natural res istance provided by the peritoneum and the 

omental action against bacter ia l infections.
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Crushing Suture Technique

"C rush ing" suture technic appears to be w e ll-su ited  fo r  use in 

intestinal anastomosis (Poth  & Gold, 1968; Bennet & Zadeck, 1970; 

Nea l, 1975). The technic is based on the fact that the submucosa is 

the strongest layer  of the intestinal wa ll (Halstead, 1887; Bennet & 

Zadeck, 1970; G r ie r ,  1975). Accord ing  to Brunius and Zeder fe ld t  

(1970), loca l c ircu lation is m ore  influenced by technic than suture. 

M yers  (1971) and DeHoff (1975) state that sutures should be tied  out 

not too tightly but f i rm ly  to approximate t issues. This avoids 

blanching of tissues and possib le edema. With the "crush ing " technic, 

on the other hand, sutures are tied tightly so that they cut through all 

layers  and gather a ll the collagen  f ibers  together. This re l ie v e s  

pressure  on the m icroc ircu la t ion  and re -es tab lishes  definite cap illa ry  

blood supply resulting in litt le  post-opera tive  edema (Poth  & Gold, 

1968; Nea l, 197 5). A f te r  suture placement the ends are approximated 

but some mucosa may extrude to the externa l surface. A  bite of the 

mucosa (s im ila r  to Gambee technic) w i l l  prevent the mucosa fro m
t- ■

bulging out. A  back-and-forth  pull one or two tim es be fo re  making 

the f i r s t  throw o f the knot w i l l  help in cutting through the mucosa by 

the suture m a ter ia l (Poth  & Gold, 1968).

Crushing suture technic results in m in im al narrow ing of the 

lumen as compared to the inverting suture technic and is comparable
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to simple interrupted (DeHoff, 197 5) and m odified  Gambee 

(Re inertson , 1 976) technics.

C lin ica l Evaluation o f Intestinal Anastomosis

R e la t iv e ly  litt le  is w ritten  about c lin ica l evaluation of intestinal 

anastomosis. A l l  anastomotic technics function and that c lin ica l 

variation  is not easy to determ ine (Bennet & Zadeck, 1970). It ap ­

pears that eating as soon as possible post-opera t ive ly  w i l l  promote 

intestinal movements and this w i l l  reduce chances o f post-opera tive  

para ly tic  ileus (B rom w e ll  et al. , 1967; DeHoff, 1975; G r ie r ,  1975). 

Gentle handling of the intestines w il l  a lso reduce chances of ileus 

and enhances rapid- return to norm al function (DeHoff et al. , 197 3). 

D es ire  to eat is apparently a useful observation , c l in ica lly ,  for  

evaluating intestinal anastomosis.

Healing P ro cesses

Intestinal healing is s im ila r  to that of the skin (DeHoff, 197 5) 

but v is c e ra l  wounds are m etabo lica lly  m ore  active than skin wound's 

(Hastings et al. , 1975). F o r  this reason, intestinal wound healing 

w i l l  be described  along with skin wound healing.

Im m ediate ly  a fter in jury, vasoconstr ic tion  of sm all blood 

vesse ls  occurs in the in jured area . This lasts 5-10 minutes and is 

fo llowed  by active  vasodilation. B lood f low  into the gap w i l l  f i l l  up
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the space and clot, sealing the edges of the wound. F ib r in  from  

fibr inogen  is responsib le fo r  this. Neutrophil in filtration  occurs w ith ­

in 6 hours a fte r  wounding and within 12 hours monocytes m igra te  into 

the area . Blood monocytes becom e macrophages a fter they have 

em igra ted  from  the vasculature. The in flam m atory  exudate that 

fo rm s is composed o f fluid of blood or ig in , m igrating  leukocytes and 

dead tissue. This in flam m atory  reaction  is the same in a ll s ites of 

the body. Repair  p rocesses  begin as soon as debris has been r e ­

m oved by the body scavenging system  and in uncomplicated simple 

wounds this begins within 3-5 days of in jury (VanWinkle, 1969; P e a ­

cock & VanWinkle, 1970; Heinze, 1974; Johnson, 1977).

The healing p rocess  is d iv is ib le  into three parts: fib rob lastic  

p ro li fe ra t ion , cap illa ry  in filtration , and ep ithelia l p ro life ra tion .

F ib r in  strands are present in the f i r s t  3-4 days.

F ib rob lasts  orig inate from  undifferentiated m esenchym al tissue 

in the surrounding connective tissue and in it ia lly  lie  on a f ib r in  

sca ffo ld . They start p ro life ra t ing  48-72 hours a fter in jury and peak 

m itoses occur in the th ird to fifth days. Old collagen is usually 

destroyed  in the f ir s t  3 days (Cronin et al. , 1968; DeHaan et al. , 1974; 

Peacock  & VanWinkle, 1970). As the fibrob lasts p ro l i fe ra te ,  they 

manufacture and secre te  protein polysaccharides and g lycoprote ins .

F ro m  the fourth day connective tissue starts being laid down. 

Reticulum f ibers  are present on the 4th day. Co llagen  f ibers  appear
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on the fifth day. Between 6-10 days collagen production is maximum. 

Collagen f ibers  are oriented across the incis ion  a fte r  6-7 days and 

there is fibrous union between the new and o lder  collagen  by 9-10 

days. Collagen synthesis slows down from  11-14 days. F ib rop las ia  

may last f r o m  2-4 weeks (Madsen, 1953; VanWinkle, 1969; Peacock  

& VanWinkle, 1970; Postlethwait, 1970; Heinze, 1974; Johnson, 1977).

New  cap il la r ies  orig inate as bud-like structures on nearby 

v e sse ls .  These penetrate the wound and grow  into loops which ram ify  

through the wound (Johnson, 1977).

Intestinal wounds have a s im ila r  reaction  (Herrm ann et al. ,

1964; Necu lar &■ Mandace, 1974). A ccord ing  to Herrm ann et al. (1964) 

the lag phase lasts 0-4 days and the p ro l i fe ra t iv e  phase lasts 3-14 

days just like the skin. Vascu lar regeneration  occurs within 6-9 

days and is functional by 14th day (Sako & Wangensteen, 1951; 

Nakanishi, 1975).

Ep ithe lia liza tion  of the skin wound occurs by ep ithelia l m ig r a ­

tion and pro life ra tion . P e r i- in c is io n a l  epithelium on e ither side react 

in hours of in jury by thickening and subsequently there is m ob ilization  

of basal ce lls  from  their derm a l attachment and these ce lls  m igra te  

as a sheet to the place of c e l l  de fic it . In an incised sutured wound 

it takes 24-48 hours to bridge the defect. M igration  o f ce lls  is 

ass isted  by the increasing ce l l  p ro life ra t ion . A f t e r  the ep ithelia l 

sheet has covered  the defect, there is d ifferentia tion  to res to re
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function in the new ce lls  (P eacock  & VanWinkle, 1970; Heinze, 1974; 

Johnson, 1977).

In the healing intestinal wound, the undifferentiated ce l ls  of the 

crypts o f Lieberkuhn provide the new ep ithelia l cover  to the injured 

area . The undifferentiated ce l ls  undergo m itos is  at a constant rate 

a ll the time and this provides continuous re -ep ith e lia l iza t ion  o f the 

intestinal v i l l i .  The intestinal epithelium is renewed e v e ry  2 1/4- 

2 3/4 days. A  defect in the intestinal mucosa is covered  by low 

cuboidal ce lls  and around the 4th day these start d ifferentia ting for 

various functions. Intestinal m itotic  activ ity  is maximum at a ll times 

and does not increase  around the site of in jury like the skin (P eacock  

& VanWinkle, 1976). Regeneration  of the epithelium to bridge  the 

mucosa occurred  by 7-9 days in intestinal anastomosis (Sako & 

Wangensteen, 1951). Accord ing  to Herrm ann et al. (1964), d i f fe r e n ­

tiated mucosa is present by 17-21 days.

There  is no sharp dem arcation  between p ro l i fe ra t iv e  and m a t­

uration phases (VanWinkle, 1969). The maturation phase is ch a ra c ­

te r iz ed  by a decrease  in vascu lar and ce llu lar  e lem ents and an in- ' 

c rease  in collagen. Those collagen f ibers  that are p roper ly  oriented 

thicken and there is a d issolution of the f ibers  that are im proper ly  

oriented. This may last up to two years  (H einze, 1974; Johnson, 

1977). Intestinal wounds have a s im ila r  maturation process starting 

fr o m  the th ird week and may last up to one yea r  (Herrm ann et al. ,

1964).
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Accord ing  to Peacock  and Van Winkle (1976), chronic in f lam m a­

tion or a granulomatous reaction  may occur espec ia l ly  where there is 

pers istence o f fo re ign  m ater ia l.  Chronic in flammation consists 

mainly o f m acrophages, giant ce lls  and lymphocytes. A  granuloma 

may develop where macrophages or monocytes pers is t  around a fo re ign  

body. F ib rob lasts  from  the loca l mesenchym al tissue may produce 

collagen that becom es deposited around the fo re ign  body.

Bursting P ressu re

Bursting p ressure is defined as pressure requ ired  to break a 

viscus (VanWinkle & Hastings, 1972). It has been used by various 

investiga tors  to evaluate anastomotic competence in the gastrointestinal 

trac t  (F e l low s  et al. , 1951; Sako b Wangensteen, 1951; Ne lsen  b 

Anders , 1966; Herrmann et al. , 1964; Nelson b Dudley, 1967; DeHaan 

et al. , 1974; Cronin et al. , 1968; Hastings et al. , 1975). The appa­

ratus used var ied  from  the simple set-up used by Nelson and Dudley 

(1967) and Cronin et al. (1968) to a m ore  sophisticated system  used 

by Ne lsen  and Anders (1966). The test segment was inflated at a 

constant rate of 5 m m  Hg/Sec (F e llow s  et al. , 1951), 10 m m  Hg/Sec 

(Herrm ann et al, , 1964), 10 m m  Hg/15 Sec (Cron in  et al. , 1968).

Fe llow s et al. (1951) found that within 15-30 minutes jejunal 

anastomoses w ere  a ir  and water tight due to the ir  being sealed  by 

exudates. A t 24 hours there was 50 m m  Hg due to a f ib r in  seal, yet
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there was no additional increase  in strength up to 72 hours. A fte r  

this, there was a rapid increase in strength up to the 7th or 8th day. 

Strength increased  s low ly a fter this to the 14th day. A f t e r  the 14th 

day there was a slow increase in strength up to that of norm al, un­

wounded tissue. Nelsen  and Anders (1966) found that by day 7 the 

anastomosis had 50-60% o f the eventual maximum strength and that 

there was a rapid increase in strength up to 10 days when it was the 

same as that of norm al ileum . Herrm ann et al. (1964) found that rat 

colon, 3 hours a fter  anastomosis, acquired some strength which r e ­

mained constant fo r  up to days 4-5 a fter which there was a rapid in ­

c rease  up to day 7 when it was the same strength as unoperated 

intestine. Sako and Wangensteen (1951), using dog 's gastro intestinal 

trac t ,  showed a s im ila r  trend, but norm al strength was not achieved 

until days 23-25. They a lso  noticed that leakage occurred  at exit or 

entrance of sutures. Cronin et al. (1968) observed  that fo r  rat 

colonic anastomoses there was a rapid in crease  in strength and a fter  

day 10 rupture occurred  at sites other than at the anastomoses. 

Nelsen  and Anders (1966) also observed  that the ruputures occurre'd 

in areas other than the anastomosis at post-opera tive  day 7 although, 

the strength was 50-60% of eventual maximum strength.

Hastings et al. (197 5) using dog's stomach, found that norm al 

strength was attained by day 8. DeHaan et al. (1974) observed  that 

bursting pressure of stomach of rat reached a maximum value in the
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f i r s t  week a fter repa ir  (3-5 days). L oca lio  et al. (1943) using the 

stomach of a rat, and without rem oving sutures, found that wounds 

sutured with catgut suture w ere  significantly weaker than wounds 

sutured with other suture m ater ia ls  in the f ir s t  7 days but therea fter  

there was no d ifference .

N o rm a l bursting p ressure values w ere  va r iab le .  Dogs' jejunum 

had an average  of 430 m m  Hg (F e l low s  et al. , 1951). Sako and 

Wangensteen (1951) stated that the norm al values fo r  dogs was 450- 

500 m m  Hg. Cronin et al. (1968) had 150 m m  Hg as norm al rupturing 

p ressure  fo r  ra t 's  colon.

Bursting pressure  is not the best c r ite r ion  fo r  testing strength 

of a wound and is , in fact, not an accurate m easurem ent of wound 

strength (P e t e r s ,  1972; Hastings et al. , 1975). Considering Laplace

Law  concerning fo rce  producing a rupture of a cy linder - -

F o rce  = P re s su re  x radius .. , , , ,----------------------------------------- - -  the degree  of d istension has a d irec t

influence on pressure  applied to the w a ll of the intestine. The

anastomosis is m ore  r ig id  com pared to the res t  of the gut w a ll  and

w i l l  tend to stretch less than adjacent tissues in response to c ircu la r

stretch. When pressure is applied, rupture occurs in adjacent areas

of the bowel due to high intraluminal p ressure due to the ir  d is tens i-

b i l i ty  increasing the radius of the bowel (N e lsen  & Anders , 1966;

Cronin et al. , 1968; Peacock  & VanWinkle, 1976; VanWinkle &

Hastings, 1972; Hastings et al. , 1975).
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Accord ing  to VanWinkle and Hastings (1972) the m easurem ent 

of bursting pressure is not p rec ise  because even a pinhole leak w il l  

cause a decrease  in applied intraluminal pressure and this w i l l  p ro ­

duce a d ifferen t resu lt than when a m a jo r  disruption occurs. P ressu re  

attained a lso  depends on c ircum ference  of the intestine and its d isten- 

s ib ility  in re la tion  to the rate at which a ir  is infused into the system .

The rate o f distension and shape the viscus have to be contro lled . 

Slow distension is better to lera ted  at higher p ressures  (P eacock  & 

VanWinkle, 1970). P resen ce  or absence o f adhesions influence the 

bursting pressure .

Breaking Strength

Break ing strength is the fo rce  requ ired  to break a wound or 

tissue regardless of its c ro ss -sec t ion  area . Tens ile  strength is load 

per unit c ro s s -s e c t ion  area .

T en s ile  strength m easurem ent is not easy due to technical 

problem s in m easuring c ro ss -sec t ion  a rea .  It can be m easured  fo r  

homogenous m ater ia ls  but it is not easy to determ ine true tensile  

strength of composite non-homogenous m ater ia l.  Breaking strength 

would be of value where thickness of the m a te r ia l  being used cannot 

be m easured accurate ly . It appears that breaking strength is of m ore  

c lin ica l s ign ificance, while tensile  strength is important fr o m  a 

mechanical standpoint (VanWinkle, 1969; VanWinkle & Hastings, 1972).
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Development o f strength of a healing wound has been evaluated 

by measuring breaking strength by many investiga tors . A d le r  et al. 

(1967) worked with colon o f the dog. Herrm ann et al. (1964) tested 

the colon of a rat. Nelson and Dudley (1967) used sm all intestines of 

the dog. Adamsons and Kahan (1970) used skin, muscle and stomach 

of rabbits. Hastings et al. (197 5) tested dog 's stomach and colon. 

VanWinkle et al. (1975) tested dog 's skin.

The s ize  of the strips used var ied . Adamsons and Enquist 

(1963) used 1 cm wide strips (including two stitches) from  guinea pig 

abdominal w a ll.  Herrmann et al. (1964) used 3 m m  wide strips and 

stretched them at 5 mm/Sec. A d le r  et al. (1967) tested 2 cm  wide 

strips and these w ere  clamped 2 cm  fro m  the anastomosis. One 

cen tim etre  wide strips w ere  used by Nelson and Dudley (1967). 

Adamsons and Kahan (1970) tested 1 cm  wide by 4 cm  long strips . 

Hastings et al. (1975) and VanWinkle et al. (1975) cut strips 0.5 cm 

w ide.

Accord ing  to E vere tt  (1970), the e f fec t  of the in flam m atory  

reaction  to d ifferent suture m ater ia ls  on tissue strength can be 

assessed  exper im enta lly  by wound tensile strength with stitches in 

s itu . Non-absorbable sutures have stronger wounds the f i r s t  5-10 

days a fter absorption catgut sutured wounds are stronger.

Hastings et al. (197 5) observed  that the dog 's stomach had an 

increase  in strength up to 21 days. The colon had a rapid gain
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between 5 and 10 days a fter which this strength was gained s low ly  up 

to 14 days. The colon had attained 70% of norm al colon strength at 

120 days. They found that wounds c losed with absorbable suture 

m ater ia ls  w ere  weaker than those with non-absorbable sutures b e ­

tween 5th and 28th days. Absorbable suture m a ter ia l c losed  wounds 

w ere  a lso  associated  with a decrease in strength in the gut wa ll up to 

6 cm  from  the wound. F o r  skin wounds, VanWinkle et al. (1975) 

found no s ta tis tica lly  s ign ificant d ifference between suture m ater ia ls  

but, at 70 days, wounds c losed with absorbable sutures w ere  s tronger. 

Using the colon o f rats Herrm ann et al. (1964) showed that norm al 

strength was approximated by 17 days and a fter  3 months rupture of 

the gut occurred  in areas other than the anastomosis.

There  is a lag phase in the healing wound lasting between 4 and 

6 days. A f te r  this there is a rapid increase in strength up to the 14th 

or 16th day due to rapid fib rop las ia  and production of collagen 

(Van Winkle, 1969; Adamsons & Kahan, 1970; Hastings & VanWinkle, 

1972; Johnson, 1977). Most rapid gain in strength with or without 

sutures is between 3 and 15 days (Adamsons Kahan, 1970). A c - "  

cording to Getzen et al. (1966) breaking strength is m ore  influenced 

by edema than fib rop las ia .

Gain in strength a fte r  collagen  content is stab ilized  is due to the 

cross - l inkage  and re -o r ien ta t ion  of the a lready fo rm ed  f ib e rs .  U l t i ­

mate strength is usually due to in teraction  of collagen and components 

o f ground substance (VanWinkle, 1969; Johnson, 1977).
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Herrm ann et al. (1964) used a statham load ce ll  and a Sanborn 

record ing  system . Nelson (1967) described  a tens iom eter fo r  

m easuring wound strength where d istraction  was produced by a un i­

fo rm  m otor d r ive .  A  pen re co rd e r  was used. Simultaneously line 

elongation of the tissue was m easured by a potentiom eter record ing  

on a pa ra l le l  t race . A  constant rate m otor driven  tens iom eter  was 

used by Adamsons and Enquist (1963). L ichtensteen et al. (1970) used 

an e lec tron ic  strain gauge tens iom eter .

A d le r  et al. (1967) used r ig id  p lastic  templates 2 cm  wide with 

fine needles pro jecting at its edges so designed to ensure un iform ity  

in s ize  and number o f sutures in each strip  subjected to tensile  

strength testing. They also used spec if ica lly  designed clamps with 

serra ted  jaws to e lim inate slippage and tearing  of the intestine to 

hold the test p ieces of colon.

Breaking strength results are m ore  meaningful i f  exp ressed  as 

a percentage of norm al control from  the same individual due to wide 

variations in the readings. Absolute results are less useful 

(L ich tensteen  et al. , 1970; Hastings et al. , 1975; VanWinkle et al. , 

1975).

Accord ing  to P e te rs  (1972) and L ichtensteen et al. (1970) "y ie ld  

point" is a m ore  valuable determinant of wound in tegr ity  com pared to 

rupture point. This is m ore  accurate and reproducib le end point.
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Y ie ld  point is character ized  by an abrupt fa l l  in the curve. Any pull 

beyond this w i l l  resu lt in decreased  res istance.

L ichtensteen et al. (1970) stated that clamped tissue was w eak ­

est at the points where it was clamped. They indicated that sutured 

wounds y ie lded  only when the sutures broke or tore  through tissues.

A t 2 months wounds with sutures w ere  70% norm al and those without 

sutures w ere  41% o f norm al. Adamsons and Enquist (1963) found that 

at 15 days wounds with sutures w ere  85% norm al strength and without 

sutures w ere  76% of norm al. This im plied  that sutures contribute to 

the would strength. Nagy and Z ingg (1971) indicated that tensile 

strength depends not only on the load but also on the rate at which it 

is applied. Stress should be the same at each point of the wound during 

testing.

L iv in g  tissue and dead tissue are b io log ica l ly  and physica lly  

d ifferen t and that in v ivo  measurem ent would be m ore  meaningful 

(VanWinkle, 1969).

A d le r  et al. (1967), using the colon of a dog, found la rge  animal 

to animal varia tion  at any stage. There  w ere  also species varia tions 

(Hastings et al. , 1975).

Suture M a ter ia l and T issue Reaction

An idea l a ll-purpose sture is one which w i l l  m eet the fo llow ing 

c r i te r ia ;  1) should perm it use in any tissue, the only l im iting factor
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being suture s ize as determ ined by tissue, 2) exce llen t handling 

ch a rac te r is t ic s ,  3) good knot security , 4) m in im al tissue reaction,

5) res istant to in fection, 6) non -cap illa ry , 7) non -e lec tro ly t ic ,

8) n on -a l le rg ic ,  9) eas ily  s te r i l iz ed ,  10) pred ictab ly absorbable 

without in flammation, 11) eas i ly  manufactured at low cost, 12) easy 

to thread, and 13) should not shrink in tissues (G r ie r ,  1971; Varm a, 

1973; Herrm ann et a l. , 1970; Postlethwait et a l. , 1959). To  date no 

suture m a ter ia l meets a ll the above c r i t e r ia  and probably there w il l  

not be such a suture in the fo reseeab le  future.

With a few  notable exceptions the surgeon 's choice o f suture 

m ater ia ls  has been based on considerations other than b io log ic  in t e r ­

action o f suture and tissue. This has not been due to the ignorance 

o f the surgeon but due to the dearth of knowledge of sound b io log ica l 

data (VanWinkle & Hastings, 1972).

While the choice o f suture m a ter ia l is fa r  less  important than 

su rg ica l technique, the actual suture m a ter ia l used may contribute 

to complications such as "cutting ou t,"  in fection, and chronic sinus 

form ation . There  are no r ig id  rules that can be established as to *" 

which type of suture m a te r ia l  should be used fo r  each and e v e ry  situa­

tion but knowledge of b io log ica l reactions of various suture m ater ia ls  

in tissue w i l l  usually indicate that one m a te r ia l  is superior to the

others (G r ie r ,  1972).
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In itia l tissue reaction  is a re f lec t ion  of the in jury in flic ted  by 

the passage of needle and suture m ater ia l,  assuming the same tech ­

nique, tissue, surgeon and absence of in fection. Th is  is the same for 

a ll sutures in the f i r s t  5-7 days but chronic reactions va ry  (Madsen, 

1953; Postle thwait et a l. , 1975). A l l  sutures have a peak reaction  in 

2-7 days and th erea fte r  the reaction  to non-absorbable sutures sub­

sides to m in im al but fo r  absorbable sutures the reaction  is g rea te r  

until absorption is complete (VanWinkle & Hastings, 1972).

In the f i r s t  week, the reaction  on the 2nd day is mainly made up 

o f red blood c e l ls ,  f ib r in  strands, and white blood ce l ls .  By the 4th 

day, there are lymphocytes and polymorphonuclear ce l ls .  F ib r o ­

b lasts , fibrous tissue and mononuclear ce lls  are present on the 7th 

day. A f t e r  the 7th day, non-absorbable sutures are encased in a 

fibrous capsule with an inner younger fibrous tissue. The absorbable 

sutures show a s im ila r  reaction  until absorption begins and then the 

in flammation reaction  intensifies (Postle thw ait et al. , 1959; Madsen, 

1953).

G enera lly  speaking, a ll suture m ater ia ls  induce vary ing  degrees 

of in flam m atory  reaction  re la ted  to trauma of insertion  and their 

physicochem ica l properties  (Kovacs & Som agyvari, 1969; Brunius & 

Z ed er fe ld t ,  1970; E vere tt ,  1970). Non-absorbable monofilament 

sutures stimulate litt le  i f  any reaction . Absorbab le sutures are m ore  

reac t ive .  Natural non-absorbable sutures are m ore  react ive  than

synthetic non-absorbables (M y e rs ,  1971).



E xcess ive  in flam m atory  reaction  has disadvantages. "Cutting 

out" is influenced by increased  in flam m atory reaction  since there is 

increased  collagen breakdown and softening of t issues. T h e re fo re ,  

the extent of in flam m atory reaction  is the dec is ive  factor of holding 

o f sutured tissue. This is particu lar ly  so because it occurs during 

the lag phase when suture support is essentia l (E ve re t t ,  1970; 

Adamsons & Enquist, 196 3; G r ie r ,  197 5).

Edema delays healing and sutures that induce exudation cause a 

delay in healing. The delay in healing appears to be due to a delay 

in fib rop las ia  (E ve re tt ,  1970; Madsen, 1953) but the delayed f ib r o ­

p lasia  m ay be purely lo ca lized  around the suture.

Sutures causing m ore  exudative reaction  and tissue necros is  

leading to loca l tissue autolysis provide a protein rich medium for 

bac te r ia l  growth. Phys ica l structure o f the suture may protect 

bacter ia  provid ing an environment fo r  b ac te r ia l p ro li fe ra t ion . F o r  

these reasons, sutures influence infection (Haxton, 1965; A lexander 

et al. , 1967; Brunius and Zeder fe ld t ,  1970; E vere tt ,  1970; Edlich 

et al. , 1973; Varm a, 1973). Phys ica l configuration o f the suture is 

r e la t iv e ly  unimportant in ea r ly  in fection (Ed lich  et al. , 1973).

Cochrane (1969) stated that suture intolerance or sensitiv ity  

may resu lt in adverse  reactions leading to wound breakdown.

Reactions to suture m ater ia ls  va r ies  with species and there is 

varia t ion  within the same spec ies . Rats have an intense neutrophilic
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and lymphocytic reaction in it ia lly  which p rogresses  to mononuclear 

phagocytes and lasts until suture absorption is com plete. Rabbits on 

the other hand have an in itia l lymphocytic reaction  that p rogresses  

to phagocytic reaction  (VanWinkle & Hastings, 1972). A ccord ing  to 

Postle thwait et a l. (1975 ), tissue reaction  is m ore  severe  in rats than 

in dogs and rabbits. Accord ing  to Ulin (1971), suture m ater ia ls  d is ­

play d ifferen t reactions in d ifferent t issues. Although c l in ica l s ig n i f i ­

cance o f tissue reaction  to suture m a ter ia l is doubtful, the reaction  

w i l l  influence rate and character is t ics  o f repa ir  (VanWinkle & Hastings, 

1972).

Hastings et al. (197 5) found that h is to log ica l reaction  between 

various suture m ater ia ls  and tissue was essen tia lly  the same. Madsen 

(1953) indicated that m ost non-absorbable sutures had m inor variations 

h is to log ica lly .

Various suture m ater ia ls  have been used fo r  intestinal anasto­

m oses . G r ie r  (1972) stated that absorbable sutures should be used 

fo r  gastro intestinal su rgery  since the gastrointestinal s te r i l iza t ion  is 

n eve r  com plete. This was mainly because absorbable sutures harbour bac­

te r ia  fo r  a re la t iv e ly  short t im e be fo re  they are  absorbed. In 1975,

G r ie r  also suggested that catgut should be the suture o f choice for  

intestinal c losure and non-absorbable monofilaments in cases with 

severe  abdominal sepsis . VanWinkle and Hastings (1972) r e c o m ­

mended chrom ic catgut which is eventually absorbed and monofilament
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suture, like s tee l, nylon and prolene for  gastro intestinal su rgery  since 

there is a potential fo r  contamination. K ra tz e r  and Onsanit (1974) 

used stainless stee l and did not penetrate into the lumen. Staples 

w ere  used by Ravitch (1975). Singleton et al. (1968) used silk sutures. 

Other sutures indicated fo r  intestinal su rgery  include: po lyg lyco lic  

acid and polyglactin  910 synthetic absorbable sutures and non­

absorbable monofilament dacron.

It is apparent that although considerable work  has been done with 

various suture m ater ia ls  in intestinal anastom osis, litt le  attention 

has been paid to com parative studies on suture m ater ia ls .  Yet suture 

m a ter ia l along with ischaem ia, and infection are the main causes of 

anastomotic fa ilu re . Suture m ater ia l w il l  influence the outcome of an 

in fection  because in fection occurs around sutures and not the cut su r­

faces . "Cutting out" which is associated with suture m ater ia ls  is 

m ore  important for the intestinal anastomosis than with other tissues 

because there is r e la t iv e ly  litt le  collagen  and sm all bites are usually 

made during intestinal anastomosis.

Sutures

Catgut

This is a m a te r ia l  made fro m  treated  collagen  from  sheep or 

bee f intestines. It is made of s e v e ra l  p lies which are  tw isted, m a ­

chine ground and polished to give a re la t iv e ly  smooth surface and 

un iform  d iam eter . It is a m onofilam ent-like  suture and does not
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harbour bacter ia . The process ing  results in weak spots due to tearing 

of f ib r i ls .

Chrom ic acid tanning promotes cross  linkage of tr ip le  helix  

structures o f collagen. This makes the suture less  reactive  and m ore  

res istant to enzym atic  degradation. Sm aller s ize  suture m ater ia ls  

are better  ch rom ic ized  and are as such less react ive  than la rg e r  s ized  

sutures (Ed lich  et al. , 1973; Frank, 1964; G r ie r ,  197L).

Catgut sutures have secure knots only when dry  and when wet 

the knots tend to unravel and as such at least 3 throws should be made 

(E ve re t t ,  1970).

Absorption  is by enzym atic degradation and phagocytosis (Horton 

et al. , 1974). The rate of absorption is va r iab le . It is m ore  rapid in 

m ore  vascu lar t issues, septic a reas , areas of high in flam m atory  r e ­

action and areas with high enzym atic activ ity  (G r ie r ,  1972). Sutures 

implanted in the stomach disappear in 3 days (Postle thw ait &r Smith, 

1975). Absorption  o f sutures in the intestinal t ra c t  is influenced by 

enzym atic  activ ity  in the ileum  and by increased  vascu larity  and high 

m ic ro -o rg a n ism  population in the colon (E ve re t t ,  1970).

L ite ra tu re  on the loss of strength of chrom ic catgut suture is 

confusing. One author states that loss o f strength takes 2-3 weeks 

(M y e rs ,  1971). A ccord ing  to Postlethwait (1959) and VanWinkle and 

Hastings (1972), 2-0 cutgut suture in the abdominal w a ll muscle of 

rabbits retains its strength up to 28 days and th erea fte r  there is a



rapid loss in strength. Catgut suture loses 1/2 of its strength in the 

f i r s t  2 days o f implantation and retains 1 / 3 of its strength to 60 days 

(Wandall et al. , 1972).

E vere tt  (1970) using baboons observed  that 2-0 catgut suture 

when implanted in the rectus sheath retained a ll its strength for  10 

days while fo r  the same suture and tim e in terva l in the ileum , there 

was total loss of strength. In the colon 15-20% strength of the suture 

was le ft at 10 days.

Catgut suture m a ter ia l is associated with intense in flam m atory 

reaction , espec ia l ly  plain catgut. This is accompanied by tissue 

necros is  around the suture resulting in a s te r i le  abscess around the 

suture. The reaction is r e la t iv e ly  intense until absorption is c o m ­

plete (Haxton, 1965; E vere tt ,  1970). Accord ing  to Postlethwait et al. 

(1975), chronic reaction to chrom ic catgut sture is composed of an 

in it ia l thin connective tissue capsule with few  h istocytes , f ib rob lasts , 

lymphocytes and fo re ign  body giant ce l ls .  This reaction  is consistent 

until absorption begins and then the ce llu lar reaction  is composed of 

m onocytes, a few  lyniphocytes and few  or no neutrophils and eos in o ­

phils. A f t e r  absorption only monocytes with ch a rac te r is t ica l ly  brown

28

foam y cytop lasm  remain.
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V eta fi l

V e ta f i l  suture m a ter ia l is a multifilam ent nylon suture su r ­

rounded by a smooth proteinacious sheath. It is used fo r  skin c losure 

but i f  it is autoclaved, it  can be buried (G r ie r ,  1972).

This is a polyamide po lym er monofilament suture made from  

condensing 1 ,6 , Hexanediamine and adipic acid to fo rm  polyhexa- 

methylene adipamide (Edlich  et al. , 1973). It has a poor knot security  

and at least 4 throws are n ecessary  fo r  adequate setting of the knot 

(E ve re t t ,  1970; Ferguson, 1971; Postlethwait et al. , 1959). Although 

nylon is non-absorbable, it tends to lose strength with tim e when it is 

implanted in tissues (Postle thwait, 1970). Two years  a fter im planta­

tion nylon loses 25% o f its strength (VanWinkle & Hastings, 1972). 

Nylon  undergoes some chem ica l degradation a fte r  6 months to d e ­

gradation products which are antibacteria l (Edlich  et al. , 1973).

Nylon  suture causes little  to m in im al reaction  com pared to other 

suture m ater ia ls  (Postle thwait et al. , 1959; Postle thwait, 1970; 

Postlethwait et al. , 1975). Accord ing  to Postlethwait (1970), in the 

f i r s t  week of implantation, the reaction  is made o f h istocytes , f ib r o ­

b lasts, and a few  lymphocytes. In the 2nd week, there is a c lea r  

zone around the suture m a te r ia l  with unattached h is t iocytes . By the 

fourth week, the reaction  is s im ila r  to that of the 2nd week but there 

is a fibrous capsule. The reaction  around nylon suture is a narrow



compact fibrous tissue capsule with h istiocytes around the suture. It 

is only ra re ly  that some giant ce lls  are observed  (Postle thw a it et al. , 

1975).

V ic r y l  (P o lyg lac t in  910)

V ic r y l  is a co -po lym er  o f g lyco lide  and lactide in the ratio  

90:10. This is made into f ibers  that are braided to fo rm  the suture 

m a te r ia l .  The suture m a ter ia l is ethylene oxide s te r i l iz ed  and 

vacuum-packed (Horton et al. , 1974; C ra ig  et al. , 1975; Postlethwait 

& Smith, 1975). It has good handling quality with secure knots 

(Horton et al. , 1974). V ic r y l  loses strength at a rate pa ra lle l  to that 

o f catgut but retains strength longer than catgut (Horton et al. , 1974). 

A ccord ing  to figures g iven  by C ra ig  et al. (1975), the strength of 

v ic r y l  was 1/3 o f norm al 21 days a fter implantation.

V ic r y l  absorption is by hydro lys is  of es te r  bonds and is not size 

dependent. pH and enzym atic  activ ity  do not influence absorption. The 

hydrolysed  products are natural body m etabolites (Peacock  & VanWinkle, 

1970). The suture is absorbed by 60 days in rabbits and 90 days in 

ra ts .

Reaction to v ic r y l  is described  as m inimum to slight. It is less 

than that of catgut. F ive  days a fte r  implantation, m acrophages are 

predominant. There  are few neutrophils , f ib rob las ts , and m ulti- 

nucleated giant ce lls  and rfiinimal ce llu lar in filtra tion  between in te r ­

stices  o f the suture. By day 14 the ce l lu la r  reaction  com plete ly



in filtra tes  the in terstices  between the f ib e rs .  A l l  the ce lls  seen at

day 5 are present except the neutrophils. The same ce lls  pers ists  

until absorption is com plete. A fte r  absorption the site is identified 

by presence o f a few en larged  fibrob lasts or macrophages or both. 

Frequently  c lusters  o f fat ce lls  f i l l  the area  (C ra ig  et al. , 1975),

A ccord ing  to VanWinkle et al. (197 5), v ic r y l  is m ore  reactive  

than chrom ic gut. This conflicts with the findings of C ra ig  et al. 

(197 5) cited in the above paragraph.
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M A T E R IA L S  AND METHODS

Experim enta l An im als

Twenty fem ale cattle o f m ixed  breeds weighing between 500 and 

1000 lbs (227.3 kg to 454. 5 kg) (see  Table 1) w ere  purchased from  a 

loca l auction and transported to Colorado State U n ivers ity  Footh ills  

Campus. They w ere  divided into two groups; 1) with horns and 

2) without horns, and put in separate co r ra ls .  A  thorough physical 

examination was per fo rm ed  on each to insure that they w ere  healthy 

three weeks be fore  the f ir s t  surgery . Each cow was ear tagged fo r  

identification. They w ere  fed good quality hay consisting of 3/4 

a lfa lfa  hay and 1/4 loca l grass hay.

P re -o p e ra t iv e  P repara t ion

Each cow was starved for  48 hours and deprived  of water  fo r  

24 hours be fo re  surgery . The an im al's  weight was taken during the 

starvation period. An antib iotic—̂  (5000 units pen ic ill in  and 5 mg ■* 

streptom ycin  per lb of body weight) was adm in istered  intram uscu larly  

24 hours be fo re  su rgery  and the dose repeated just be fo re  p r e ­

anaesthetic agents w ere  given.

D is tryc i lliiiB) - P roca ine  pen ic ill in  G in D ihydrostreptom ycin  
sulphate solution. E. R. Squibb and Sons, In c . ,  P r inceton , N .J .  08540.
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Table 1. Cows used in the study o f e ffects  o f sutures on healing of 
sm all intestinal anastomosis.

Cow No. Body Wt (kg) B reed

2 307 Holstein

3452 345.4 Holstein

3400 254. 5 Holste in  C ross

3285 281.8 Holste in  C ross

3431 213.6 Angus C ross

3106 272.7 Angus C ross

1 281.2 Holstein

16 277.3 Chalolais C ross

3436 286.4 Angus Cross

3115 334. 1 Angus Cross

19 309. 1 Holstein

20 413.6 Holstein

7 379.6 Holstein

3293 402. 3 Angus Cross

3442 363. 6 Angus C ross

3121 375 Angus Cross

2N 386.4 Holstein

3 336.4 H ere fo rd f-
17 257.7 H ere fo rd

3321 293. 2 Angus C ross
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Anaesthesia

Atrop ine Sulphate^ (0.044 mg/kg, I/m) was given 10-20

3 /
minutes be fo re  induction o f anesthesia. Th iam yla l Sodium—' (0.01 g/ 

kg, I/v) was given to induce anaesthesia.

Th ree  l i te rs  of R in ger 's  Solution to which 50 m illiequ iva lents  

of Sodium Bicarbonate had been added per l i te r  was infused in tra ­

venously during the surgica l procedure.

The cow was put on a le ft  la te ra l recumbency and intubated as 

soon as possible after induction with Surita l® . A  mouth gag—̂  was 

placed between the m o la r  teeth of the low er and upper jaws of the 

low er le ft  side. The right hand was introduced into the o ra l  cavity  

up to the pharynx and the ep ig lottis  was re f le c ted  fo rw ards  with fin -

5 /g e rs .  The endotracheal tube—' which had a lready been lubricated 

was introduced into the mouth and was guided with the right hand into 

the larynx. Contact was made on a ll sides of the la ryngea l w a ll by 

pushing the tube as fa r  as it could go and tight fit was ensured by the 

shoulder o f the endotracheal tube. Outflow of exp ired  a ir  through the

2 /
— Atrop ine in jectib le . L A .  F o r t  Dodge L ab ora to r ies ,  Inc., 

F o r t  Dodge, Iowa 50501.

^ S u r i t a l® ,  P a rk e ,  Davis; Pa rk e -D av is  & C o . ,  D etro it , MI 
48232.

tl
Drinkwater Mouth Gag. A rn o ld -N asco , Guelph, Ontario,

Canada.

—̂ Cole Endotracheal Tubes, P .  O. Box 1124, F o rt  Collins,
Colo. 80521.
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tube v e r i f ie d  the position of the tube. The animal was then connected 

to the anaesthetic machine.

Anaesthesia was maintained with ha lo thane^  and oxygen in a 

s em i-c lo sed  c ir c le  system . A F ra s e r  Sweatman or D rager anaes­

thetic machine was used. In itia lly  the oxygen was set at 4-5 l ite rs  

per minute and halothane at maximum (about 5%). The re-breath ing  

bag was emptied a few  tim es to ensure denitrogenation of the animal. 

When the animal was deeply anaesthetized and stable, the anaesthesia 

was maintained at 2-3% halothane and oxygen at 2.5 l ite rs  per minute.

V ita l signs w ere  m onitored e v e ry  15 minutes. Heart rate was 

maintained between 60-100 per minute. Any r ise  above 100/minute 

indicated that the anaesthesia was getting too deep. R esp ira to ry  rate 

was maintained around 20/minute. If the resp ira to ry  rate fe l l  be­

low 12/minute and was shallow, the anesthesia was too deep.

A cushion was placed under the neck to assure that the pharynx 

and larynx w ere  higher than the mouth to prevent pharyngeal pooling 

o f saliva. The low er  ( le ft )  front leg which was pulled fo rw ard  had a 

cushion placed under it to help avoid radia l nerve para lys is .

Surgical P rocedu re

The right flank was prepared  for  aseptic su rgery , the dorsa l 

border of which extended fro m  the tuber coxae along the transverse

-^F lu o th an e®  - A y e rs t  Labora to r ies ,  In c . ,  New  York , N. Y.
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processes  cran ia lly  to T10. The caudal border  was from  the tuber 

coxae along the cran ia l border  of the stifle  joint ending at the ventra l 

m idline while the cran ia l border fo llowed the 10th rib  to the ventra l 

m id line. The surgica l area  was clipped and a lternate ly  scrubbed with 

surg ica l soap-^ and with 70% ethyl alcohol. Three  soap and 3 alcohol 

scrubs w ere  done, fo llowed by a ir  drying and the surg ica l area  was 

sprayed with an an t is ep t ic^  and again allowed to dry.

The surg ica l area  was draped f i r s t  with an 18" x 36" s ter i le

9 /adhesive p lastic  d ra p e ,— and then with towels around the incis ion 

site. B e fo re  putting on a 15" fenestrated drape, orthosheets w ere  

used to cover  the hind and fo re  parts of the cow except fo r  the head.

A  15-20 cm ve r t ic a l  incis ion  was made in the low er part of the 

right flank, one-half the distance between the costochondral junction 

and the stifle  joint. An e lec trosca lp e l  was used to cut through the 

skin and the cutaneous trunci m uscle. A  pair of Mayo sc isso rs  was 

used to incise the tunica flava  and the oblique abdominal m uscles.

The tran sverse  abdominal muscle was split along its f ibers  and Mayo 

sc is so rs  w ere  used to open the peritoneum.

*

—̂ Iodine surg ica l detergent. Huntington Labora to r ies ,  Inc. , 
Huntington, Indiana.

^ B e ta d in e  Solution. The Purdue F red e r ick  C o . ,  Yonkers , N. Y.

S te r i -d ra p e ®  - M ed ica l products div is ion; Minnesota Mining 
and Manufacturing C o . ,  3M Center, St. Paul, MN 55101.



Once the laparotom y incis ion was made, a hand was introduced 

into the abdomen and caudal to the omentum. Exploration  of the 

abdomen was done to identify the jejunum. Loops o f jejunum w ere  

ex te r io r is ed  to expose the area  with the longest m esen tery  allowing 

for  m in im al tension on the exposed portion. The res t  of the sm all 

intestines w ere  rep laced  into the abdominal cavity. An e f fo r t  was 

made to e x te r io r iz e  only the amount of intestines necessary  fo r  

making the anastomosis which, along with use o f saline moistened 

towels , helped avoid drying of the intestine.

Tes t sutures w ere  inserted  longitudinally in the intestinal wall 

fo r  a distance of 7-8 cm  using a 10 cm long 19 gauge needle. Each 

test suture was fixed to the intestinal w a ll by taking a bite be fo re  

making a knot on both ends. The 3 test sutures w ere  placed about 

1 cm apart and pa ra lle l  to each other. The f i r s t  suture was on the 

antim esenteric  border and the other two w ere  placed one on either 

side. These test sutures were  placed in the jejunum between the ileum  

and the f i r s t  anastomosis. The site fo r  the f i r s t  anastomosis was 

15-20 cm  from  the test sutures. The m a jo r ity  of the ingesta was 

m ilked out of the site of anastomosis and a bull dog intestinal c lam p—  ̂

was placed 4-5 cm prox im al and another distal to the site. A  #10 or 

#20 Bard P a rk e r  blade was used to incise across  the intestinal wall,

37

— ^Bull dog clamp. Lawton, Germany.
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starting from  the m esen ter ic  side. The assistant then held the cut 

ends of the intestine ready fo r  suture placement. A  ca l ip e r—  ̂ set 

of 6 m m  was used to ensure that suture placement was even ly spaced. 

M easurem ent was made by the assistant while the surgeon did the 

suturing.

Suturing

The "crush ing " suture was used in a simple interrupted pattern 

and each suture was placed on 6 mm  in terva ls  and about 5 m m  from  

the cut edges. Swedged-on 2-0 suture m ater ia ls  w ere  used fo r  each 

anastomosis and a double square knot was used to secure each suture

placed. A  taper point needle was used with medium chrom ic catgut

12/and polyglactin  910— . A  cutting edge needle was used with the mono 

filam ent nylon suture m ater ia l.  A l l  the suture m ater ia ls  w ere  made 

by Ethic on Inc.

An in itia l stay suture was placed in the m esen ter ic  border  with 

the intestinal ends held end to end. A  second stay suture was placed 

in the an tim esenteric  side. These two stay stitches w ere  clamped 

with haemostatic forceps to stab ilize the intestine during the anas­

tom osis . With the cut ends o f the intestine s t i l l  held end to end by the

i-^C a lip e r .  S torz, Germany.

— ^ V ic r y l®  - Po lyg lac t in  910 Suture. Ethicon, Inc. Som erv il le  
N .J .  08876.
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stay sutures, simple interrupted stitches w ere  placed making sure 

that the spacing was uniform  by using the ca liper . A f te r  one side was 

completed, the intestine was turned over  and the process was repeated 

on the other side.

It is important to note that the f i r s t  throw of each crushing 

stitch had to be as tight as possib le without cutting through the gath­

ered  collagen f ib ers .  The other 3 throws w ere  mainly to insure 

security  of the knots and uniform ity. I f  there was any defect in the 

m esen tery , it was c losed  using the same suture m a ter ia l used in the 

anastom osis .

B lood clots on the m esen tery  and the sm all intestines w ere  

cleaned with w arm  saline moistened sponges. Any mucosa protruding 

to the se rosa l surface was rem oved  using a sponge. Full strength 

betadine solution was used to clean the intestine around the anastomosis.

A  30 cm  long 1/4" um bilica l tape (s te r i le )  was cut and was used 

to measure the 30 cm  spacing between the anastomoses. The suturing 

technique and 30 cm spacing was repeated fo r  all the 6 anastomoses.

The suture m ater ia ls  fo r  the f irs t  3 anastomoses w ere  determ ined 

random ly, while fo r  the next 3 anastomoses, the o rder  o f the suture 

m ater ia ls  was reve rsed . The resu lt was 2 anastomoses with each 

suture m a ter ia l and 6 anastomoses per animal. Table 2 shows suture

placement for  a ll the 20 cows.
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Table 2. Suture placement.

Cow
Number 1 2 3 4 5 6

2 *

3452 

3400 

3285 

3431 

3106 

1  *  

16 

3436 

3115

19

20 

7

3293 

3442 

3121 

2 (NC) 

3 

17 

3321

V ic ry l

V ic r y l

nylon

gut

gut

nylon

nylon

gut

nylon

V ic ry l

gut

nylon

gut

nylon

V ic ry l

nylon

gut

nylon

V ic ry l

gut

V5

N8

G7

nylon

nylon

gut

nylon

nylon

gut

V ic ry l

V ic r y l

gut

gut

V ic ry l

gut

V ic ry l

gut

nylon

V ic ry l

nylon

V ic ry l

nylon

V ic ry l

N7

G6

V7

gut

gut

V ic ry l

V ic r y l

V ic r y l

V ic r y l

gut

nylon

V ic ry l

nylon

nylon

V ic ry l

nylon

V ic ry l

gut

gut

V ic ry l

gut

gut

nylon

G7

V8

N5

nylon

gut

V ic ry l

V ic r y l

V ic r y l

V ic r y l

nylon

nylon

V ic ry l

nylon

nylon

V ic ry l

nylon

V ic r y l

gut

gut

V ic ry l

gut

gut

nylon

N7

G5

V8

gut

nylon

gut

nylon

nylon

gut

gut

V ic r y l

gut

gut

V ic ry l

gut

V ic ry l

gut

nylon

V ic r y l

nylon

V ic ry l

nylon

V ic r y l

G8

N6

V6

V ic ry l

V ic r y l

nylon

gut

gut

nylon

V ic ry l

gut

nylon

V ic ry l

gut

nylon

gut

nylon

V ic ry l

nylon

gut

nylon

V ic ry l

gut

V6

N7

G7

Suture m ater ia ls  not placed in the o rder  described .
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Closure of the Abdominal Wall

The abdominal wall was closed in 4 laye rs .  These included:

1) the peritoneum and transverse  abdominal muscle; 2) oblique 

abdominal muscles and tunica flava; 3) cutaneous trunci m uscle; and 

4) skin.

A l l  layers  except the skin w ere  c losed using #2 chrom ic catgut 

with a cruciate pattern. The skin was closed with medium size  ve ta f i l  

(autoclaved) using a cruciate pattern.

R eco ve ry  from  Anaesthesia

Anaesthesia was lightened gradually towards the end of abdom i­

nal wa ll c losure and the animal was allowed to breathe pure oxygen 

fo r  a few  minutes. Disconnection o f the anaesthetic machine was 

done just be fore  the animal was moved to the r e c o v e ry  stall. The 

endotracheal tube and mouth gag w ere  rem oved  as soon as the animal 

was able to e l ic i t  a swallowing re f le x  and this was checked by moving 

the endotracheal tube s eve ra l cm  to stimulate the swallowing re f lex .  

The animal was observed  until it could maintain a sternal recumbency 

to avoid possible regurg itation  and aspiration  while in la te ra l re cu m ­

bency. R eco ve ry  took 20-60 minutes.

Pos t-op e ra t iv e  Care

W ater was given a fter the animal was standing fo r  about one 

hour. Good quality hay (3/4 a lfa lfa  and 1/4 loca l grass ) was given to 

the animal 3-4 hours a fter r e c o v e ry  from  the anaesthesia. Antib iotic
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treatm ent was continued fo r  2 days post opera tive ly . Tem pera tu re  

and vita l signs w ere  checked e v e ry  day fo r  the f i r s t  3 days. Skin 

sutures w ere  rem oved  during the second operation fo r  the 21 -day 

animals.

Second Operation

Anaesthesia

A  right paraverteb ra l block was done, and to accom plish  this 

the method described  by Cakala (1961) was used. The thirteenth 

thorac ic  nerve  and f i r s t  and second lumbar nerves  w ere  blocked c lose 

to the end of the f ir s t ,  second and fourth transverse  p rocesses  by

1 3/in filtrating 20 m l of 2% lidoca ine—  per site using a 6. 35 cm  16 G or 

18 G hypoderm ic needle. This was done observing aseptic technique. 

Xylaz ine (R o m p u n ® )^  was e lec t iv e ly  used as a sedative during the 

p a raver teb ra l block and as n ecessary  in repeated sm all doses during 

the su rgery . This was done fo r  cow numbers 2, 3452, 3400, 3285, 

3431, 3106, 1, 3436 and 3321, due to their re la t ive  intractability .

Genera l anaesthesia using atropine as a pre-anaesthetic ,

Surital fo r  induction and halthane for  maintenance was used fo r  num­

bers 31 15, 20, 3293, 3121 , 3, and 17. Ch lora l hydrate (7%) to e ffec t 

was used fo r  cow numbers 7 and 2N.

13/.X y lo c a in e ^ .  2% Lidocaine hydroch loride . Astra ; W orces te r ,  
Mass. 01606.

— ^Xylazine (Rompun®). Chem agro Corp. , Kansas C ity , MO 64120.
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T6 l euthanasia so lu t ion -^  was used for  cow #16 and cow #19. 

Cow #3442 was e lectrocuted. The segment with the anastomoses was 

harvested  within 10 minutes of euthanasia for  the 3 cows which w ere  

euthanatized.

Surgical P rocedu re

A  right laparotomy incision was made after proper aseptic 

preparation. A  tw en ty-five  centim eter muscle transecting incision 

was made dorsa l to the o r ig ina l incision in the paralumbar fossa . The 

layers  cut through included; skin, oblique abdominal m usc les , t ra n s ­

ve rse  abdominal muscle and the peritoneum. The tran sverse  abdom i­

nal m uscle  was the only layer  which was split along it f ib ers .

An exploration of the abdomen was done to locate the p iece of 

intestine with the anastomoses. The segment was ex te r io r is ed  a fter 

it was located.

The m esen ter ic  blood supply to the segment containing the 

anastomoses was doubly ligated with 2-0 silk suture m a ter ia l and the 

m esen tery  was cut between the two ligatures. A fte r  the necessary  

ligations w ere  made, the entire segment containing the 6 anastomoses 

plus 30 cm  of norm al gut on e ither side was resected .

The ends o f the intestine w ere  re-anastom osed  using 2-0 poly- 

glactin  910 (V ic ry l )  suture m a te r ia l  and a "c rush ing" pattern. A

■^//T 6 l .  Euthanasia Solution. National Lab. Corp. , Subsidiary 
o f Am . Hoechst Corp. S om erv il le ,  N. J. 08876.
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betadine abdominal infusion was done a fter  cleaning the intestine and 

the m esen tery  around the anastomosis with w arm  saline soaked 

sponges.

C losure of the abdominal wa ll was done layer  by layer  using the 

same suture m ater ia ls  and suture patterns as fo r  the f ir s t  operation.

A fte rcare

No antibiotics w ere  used unless it was fe lt  that they w ere  ab ­

solutely indicated. The animal was tw ice daily observed  until c o m ­

plete re co ve ry .  Skin sutures w ere  rem oved  a fte r  14 days.

Handling of the Segment with the Anastomoses

The ingesta was m ilked out of the whole segment and the s e g ­

ment was put into an insulated 1 -gallon jug containing 2 l i te rs  of iced 

lactated R inger 's  Solution (4 °C ).  The tim e at which the segment was 

stored in the iced lactated R inger 's  solution testing was recorded .

The stored segment was handled one anastomosis at a t im e. 

T im e fro m  resection  until the m easurem ent of the bursting p ressure 

or breaking strength was recorded . T im ing began im m ed iate ly  a fter  

harvesting, when the intestinal segment was stored in cold lactated 

R in ge r 's  Solution.

Bursting P re s su re

A 20 cm  long segment (10 cm on each of the anastomosis) with

about 2. 5 cm  m esen ter ic  attachment le ft  intact was used in each test.
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The m esen tery  was le ft intact because it was observed  that bursting 

occurred  in the area  where the m esen tery  had been d issected  out. 

F igures  1 and 2 show the system  used for m easuring bursting p r e s ­

sure. The test segment was attached to the bursting pressure  system  

(F ig .  3). This was secured in place using p lastic  tie  bands^-^ which 

w ere  tightened using an ex tra co rp o rea l gum-^ (F ig .  4). The part of 

the bursting p ressure system  holding the anastomotic segment was 

then im m ersed  in an aquarium -like tank made o f g lass and of about 

40 l i te rs  capacity f i l led  with about 38 l ite rs  of physio logic  saline so lu ­

tion and maintained at 38°C (F ig .  5). Weights w ere  used to keep the 

fram e holding the anastomotic segment on the bottom o f the tank.

The segment was allowed 5 minutes to w arm  to 38°C.

Oxygen passing through a line pressure transducer was turned 

on at a va lve  and the oxygen passed slow ly through a hole bored  through 

the cy lind r ica l p lex ig lass to which the intestinal segment was attached 

(part of the bursting pressure system ) to the anastomotic segment 

lumen. P re s su re  was m easured within the lumen of the segment of 

gut through a hole in the other side of the system  which was connected 

to a Statham pressu re  transducer ca librated to 300 m m H g using a

^-^Tie  bands: Cole Labora to r ies ,  In c . ,  Lakewood, Colo. 80215.

^ 'E x t r a c o r p o r e a l  gun. Extra  corporea l and M ed ica l Specialties 
C o . ,  In c . ,  Mt. Laure l,  T W P . , N .J .



Figure 1

F igu re  2

System fo r  m easuring bursting pressure 
(oxygen tank not shown).
(1) P re s su re  control va lve .
(2) L ine pressure transducer.
(3) P a r t  of the system  to which the test s e g ­

ment is attached.
(4) Statham pressure transducer.
(5) M ercu ry  m anom eter.

C lose up photograph of that o f the bursting 
pressure  system  to which the segment of 
gut is attached.
(1) F ixed  part.
(2) M obile part.
(3) C y lindr ica l p lex ig lass grooved  (a rrow ) 

about 1 cm from  the fre e  edges. F ree  
edges are rounded.

(4) G rooves (a rrow s ) in the base of the 
f la t fo rm  made so that the mobile part 
o f the part to which the test segment is 
attached can be moved back and forth 
fo r  each attachment.





F igu re  3. P a r t  o f the system  shown in F igu re  2 with the 
gut section attached. A r row s  show the p lastic 
tie bands in place. Notice the slight sagging 
of the test segment due to the presence of 
m esen ter ic  attachment.

F igu re  4. Equipment used during bursting pressure 
m easurem ent to attach section of gut to 
p ressu r iz in g  system .
(1) E x traco rpo rea l gun.
(2) T ie  bands.
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F igu re  5. Bursting pressure  system  ready to test gut 
section.
(1) Weights to keep the part holding the test 

segment at the bottom of the tank.
(2) P re s su re  control va lve .
(3) The r m is te rs .
(4) T es t  segment just be fore  inflating with 

oxygen.
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m ercu ry  m anom eter. The output e le c tr ic  signal from  the Statham 

pressure  transducer was transm itted  to a bridge am p li f ie r  and r e ­

corded on a strip  chart in a Sanborn 7700 unit.

As the anastomotic segment s low ly inflated, it was observed  

to note the point of f i r s t  leakage of oxygen (bubbles). This point was 

recorded  and the str ip  chart was marked at the moment the bubbles 

w ere  observed .

One norm al segment and 3 anastomotic segments (one fo r  each 

suture m ater ia l )  was tested fo r  each of 12 cows.

Break ing Strength

Longitudinal strips of intestine at the anastomotic site, 1 cm 

wide and including 2 stitches w ere  used. These strips w ere  such that 

between the 2 stitches was 6 m m  spacing and about 2 m m  on either side 

of the stitches. The length o f each strip was 6 cm (3 cm on e ither side 

of the anastom osis). Strips w ere  cut from  the gut w a ll  between the 

m esen ter ic  and antim esenteric  borders . The anastomotic segment 

was opened on the m esen ter ic  side and spread out on a cutting board, 

using pins to hold it in place. Excess m esen ter ic  tissues w ere  

tr im m ed  off.

A  p lex ig lass  template (10 cm x 1.0 cm  x 0.6 cm) with perpen ­

d icu lar edges was used to aid in cutting the requ ired  sections. The 

template had holes d r i l led  at the corners  so that pins w ere  passed 

through these holes to secure the template over  the area where the
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intended sections had to be made. The template was ground to about 

3 m m  thickness in the m iddle to accommodate any tissue thickening 

at the site of the anastomosis. Cuts w ere  made along the long side of 

the template (10 cm  side) using a stee l b la d e -^  11.75 cm  (4 5/8") 

long (F ig .  6). Using a centim eter ca librated plastic ru le r ,  6 cm w ere  

m easured (3 cm  on either side of the anastomosis) and the str ip  was 

cut out. M easurem ent o f the strip  was made be fo re  cutting it out to 

avoid any variations in length due to contraction. This str ip  was kept 

m oist with cold lactated R inger 's  Solution be fo re  it was used.

A  pair o f Brown Adson 's  forceps was used to hold the test strip. 

One end of the strip was placed on the roughened surface o f one side 

o f the clamp and was fixed in place by tightening the clamp using a 

sm all wrench. The other side o f the test str ip  was fixed to the oppo­

site side o f the clamp. About 1 cm of the test s tr ip  was clamped on 

e ither side. F o r  a ll s tr ips , the mucosal surface was facing up.

The clamp attached to the Statham load ce l l  was fixed and the 

other clamp could m ove hor izon ta lly  on a f la t fo rm  (F ig .  7). The 

f la t fo rm  was moved by a driv ing screw  with 40 threads per inch. A  

m otor, dr iven  by a Sorenson D. C. power supply, was set to run at a 

slow constant speed (1 .5  m m /sec) moving the m obile  clamp back­

wards as the f la t fo rm  moved on the driv ing screw . This d istracted

— ^Steel blades . Arthur H. Thomas Company. Philadelphia,
P A .



F igu re  6. Equipment used to cut un iform  strips of gut
wall.
(1) P lex ig la ss  glass template (Notice the 

holes d r i l led  at the corners ).
(2) P lex ig la ss  template with pins in place. 

M iddle part of the template was ground 
to 0. 3 cm  thickness.

(3) Steel blade used fo r  making longitudinal 
cu ts .

(4) P ins.

F igu re  7. M a jo r  parts of the breaking strength apparatus
(1) Statham load ce ll.
(2) F ixed  clamp.
(3) Mobile clamp.
(4) D isplacement transducer (A r row s  show 

points of attachment).
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the attached test strip longitudinally and the fo rce  requ ired  to tea r  

the test str ip  was sensed by a Statham load ce l l  ca librated  in gram s 

(O-lOOOg). An e le c tr ic a l  signal was produced and this was am plif ied  

and recorded  on a strip  chart in a Sanborn 7700 unit. I f  the test strip 

broke away fro m  the anastomosis and there was a b ig  enough piece 

le ft fo r  re-attachm ent, the m otor was re v e rs ed  so that the jaws o f the 

clamps came c lose enough fo r  re-attachm ent. Each tim e an attach­

ment was made, the m otor was switched so that the f la t fo rm  reve rsed  

to bring the clamping jaws to a position where attachment of the test 

s tr ip  could be made. D isplacement ca libration and signal conditioning 

w ere  done.

Two norm al samples and 2 samples from  each of the 6 anas­

tom oses w ere  tested fo r  the 21 -day animals. Th ree  anastomoses; 

one fo r  each suture m a ter ia l w ere  tested fo r  the 7 -day animals. A l l  

the measurem ents w ere  made at room  tem perature  (20°C ).

Six cows w ere  tested at 21 days and 12 cows at 7 days.

Histopathology
i-

The res t  of the intestinal segment le ft from  the m easurem ent

of breaking strength had a ll the excess tissues tr im m ed  and was

stored in a ja r  containing 10% buffered  form alin . Form a lin  tissue

ratio was maintained 10:1 fo r  proper tissue fixation. Each ja r  was

labelled  with animal number, suture m a ter ia l and duration o f the

o
anastomosis (7 or 21 days). A l l  the ja rs  w ere  stored at 5 C.
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F ro m  the fixed specim ens, tissue blocks about 4 cm long (2 cm 

on e ither side of the anastomosis) and about 0.6 cm wide w ere  cut and 

put in tissue cassettes. These w ere  embedded in paraffin  and 10 p 

sections w ere  cut.

Two stained slides w ere  prepared  from  each of the 78 tissue 

blocks from  the 20 cows. T h ir ty -s ix  tissue blocks w ere  from  21-day 

animals and 42 tissue blocks from  7 -day animals. One slide was 

stained with Hem atoxylin  and Eosin stain for routine histopathologic 

study, and the other with M asson 's stain to demonstrate collagen p r o ­

duction. These slides w ere  studied for  in flam m atory  response and

healing.



RESULTS

General Observations

Three  cows (#s 3452, 20 and 17) developed transient rad ia l 

para lys is  o f the le ft fo re le g  pos t-opera t ive ly  despite the precautions 

but in a ll cases this was reso lved  within 3 days.

An im als  w ere  able to drink water within 2 hours of r e co ve ry  

fr o m  anaesthesia and ate hay when it was provided.

M ost cows developed d iarrhea on the 3rd post-opera tive  day but 

by the 5th day feces  started f irm ing .

Two cows (#s 3293 and 3442) had, in addition to d iarrhea , a 

mucoid nasal d ischarge and an increased  resp ira to ry  rate but the 

tem perature was norm al (3 8 .8 °C ).  For  these animals, pen ic il l in -  

s treptom ycin  was continued tw ice a day up to the 5th post-opera tive  

day, when the nasal d ischarge subsided and resp ira to ry  rate was 

norm al.

At both the 7 day and 21 day re tr ie va l su rge r ie s ,  the cows had 

many adhesions. The anastomotic sites w ere  adhered to the adjacent 

intestinal surfaces and some adhesions invo lved  the omentum. A d ­

hesions w ere  care fu lly  broken with f in gers ,  avoiding breaking the 

anastomoses. One cow had a loca lized  abscess of about 3 cm  d iam eter

around an anastomosis which had a sm all leakage between 2 stitches.



59

Bursting P re s su re

Most of the segments had an obvious drop in p ressure at d is ­

ruption and maximum pressure was determ ined from  the p ressure 

trac ing . A  few  segments had sm all bubbles leaking and fo r  these the 

p ressure at which the sm all bubbles w ere  observed  was noted on the 

trac ing. F igu re  8 shows some of the typ ica l trac ings. It was ob ­

served  that bursting occurred  e ither at the anastom osis, between 

anastomosis and the clamp or less than 1 cm  from  the clamp. Table 

3 contains the bursting p ressure results.

Breaking Strength

It was noted that some strips broke about 2 cm  from  the anas­

tom osis . These strips w ere  long enough for  re-attachm ent to the 

clamp without getting too close to the anastomosis. F o r  these a r e ­

run of the breaking strength was done. Occasionally  a second re-run  

was indicated. F o r  each test str ip , the highest reading of the breaking 

strength was recorded . The point of breaking where the highest r e a d ­

ing occurred  was noted. This was e ither at the anastomosis, next to 

the anastomosis (less  than 1 cm  from  the anastom osis); between the 

anastomosis and the clamp (m ore  than 1 cm  from  the anastomosis 

and m ore  than 1 cm  from  the clamp) or at the clamp (less  than 1 cm 

from  the clam p). Those strips which broke through the anastomotic 

site tore  through leaving the knot intact fo r  a ll the 3 suture m ater ia ls .



F igu re  8. Typ ica l bursting p ressure trac ings. The three
tracings represent three d ifferent test segments.
V e r t ic a l  axis = Tension  (Bursting p ressure =

m m  Hg)
H orizon ta l axis = Distension

Note: (1) A  s im ila r  pattern o f increase in
tension character ized  by a gradual 
r ise  in p ressure (m m H g) and an 
abrupt drop at disruption.

(2) Distension to the point of disruption 
was variab le .

(3) Peak tension (just be fo re  disruption) 
was recorded .
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BURSTING PRESSURE TRACINGS
(IN  mmHg)

0



Table 3. Bursting pressure: 7 days - measurements in mm Hg.

Cow Point of Point o f Point of Point of
# N orm a l* Bursting** Nylon Bursting V ic ry l Bursting Catgut Bursting

3431 165 A 102. 5 A 142. 5 A
1 210 C 165 C 112. 5 A 135 B

3436 247.5 B 322. 5 B 232 A 153 A
7 172. 5 C 127.5 C 52. 5 A 153 A

19 165 C 157. 5 A 180 C 120 A
3293 142. 5 C 127.5 C 127.5 A 90 A
3442 78. 5 A 142. 5 B 135 C 127.5 C
3121 16 5 B 135 A 92. 5 A 135 A

2N 92 B 127.5 A 75 A 127.5 A
3 180 C 60 A 112. 5 A 162. 5 C

17 221.25 C 177. 5 C 172. 5 A 86.4 A
3321 127. 5 C 139 c 150 C 135 C

Tota l 1801.75 1846.50 1544.50 1567.40

Mean 163.80 153.84 128.71 130.62

SD +55.34 +60.95 +49.48 +23.27

Median value for  norm al intestinal test segment = 128.5 m m  Hg 
SD = standard deviation

Sections from  norm al gut (no anastomosis in section)

Poin t of Bursting: A  - Anastomosis (m iddle ); B - Between Anastomosis (m iddle) and clamp;
C - Within 1 cm  from  the clamp
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Typ ica l tracings are shown in F igure  9 and Tables 4 and 5 have the 

resu lts .

F rom  the absolute data o f bursting pressure and breaking 

strength it was noted that, even at one standard deviation (SD), there 

was a substantial amount o f varia tion  in the resu lts. Com plete ly  

Randomised Design (CRD) analysis of variance was per fo rm ed  (Tab le  

6). There  was no statis t ica lly  significant d ifference  at 0.05 alpha 

le v e l  fo r  both bursting pressure  and breaking strength.

Percen tage  of N orm a l Mean Results for the Three  Sutures

Results are shown in Tables 7, 8 and 9.

The mean values of bursting pressure or breaking strength for  

each suture m a te r ia l  was expressed  as a percentage of the norm al 

mean. These percentage values w ere  based on the absolute results 

and as such did not essen tia lly  te ll  anything m ore  than the absolute 

resu lts .

Point of disruption is shown expressed  as a percentage of total 

observations. The point of disruption is, however, worth noting b e - "  

cause it was anticipated that disruption would invariab ly  occur at the

anastom osis .



F igu re  9. Typ ica l breaking strength trac ings, a, b, c 
are  d ifferen t test str ips.
V e r t ica l  axis = Tension (g)
H orizon ta l axis = Stretch

Note: (1) D egree  of stretch var ied  from  section
to section and the y ie ld  point was not 
dependent on degree of stretch.

(2) General tendency to increase in 
breaking strength to "y ie ld  point" 
although the pattern var ied  depending 
on the way the section to re .  The 
tracings do not represent any spec ific  
point of breaking.

(3) Peak fo rce  (g) was recorded  since it 
was the y ie ld  point.
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BREAKING STRENGTH TRACINGS
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Table 4. Breaking strength: 7 days - measurements in grams

Cow
# N orm a l*

Poin t of 
B reak ing** Nylon

Point of 
Breaking V ic ry l

Poin t of 
Breaking Catgut

Po in t of 
Breaking

3431 350 B 400 B 700 B
740 A 470 B 520 B

1 180 A 540 B 540 B 340 C
320 B 240 B 280 A 340 B

3436 520 A 380 A 380 N 470 N
400 A 430 N 300 N 640 A

7 480 C 280 C 580 N 210 N
370 A 540 N 380 N 340 N

19 580 A 700 N 520 N 610 N
600 A 550 A 520 C 480 N

3293 570 A 420 A 540 A 420 N
610 A 520 N 450 N 700 N

3442 490 A 640 C 610 N 460 N
360 A 600 A 680 B 720 N

3121 630 A 360 N 405 N 605 A
625 A 615 N 410 A 240 N

2N 620 A 500 N 460 N 305 B
640 C 460 N 400 N 430 N

3 615 A 460 N 7 30 N 730 A
670 A 500 N 360 A 500 N



Table 4 (Continued).

Cow Point of Point of Poin t of Po in t of
# N orm a l* B reak ing** Nylon Breaking V ic r y l Breaking Catgut Breaking

17 600 A 360 N 340 N 40 5 C
425 A 480 N 450 B 420 N

3321 360 A 450 N 345 C 540 N
790 A 520 N 748 N 500 B

Tota l 11,465 11,635 11,298 11,625

Mean 521.14 484.79 470.75 484.38

SD +142.051 +123.51 +128.51 +149.83

Median value fo r  norm al intestinal test strip  = 580 g 
SD = standard deviation

^C5*C

N orm a l sections (no anastomosis)

Point of Breaking: A  - Anastom osis (m iddle ); N - Next to the Anastom osis (< 1 cm  from
Anastom osis ); B - Between Anastom osis and Clamp (> 1 cm  fro m  Anastom osis ) 
o r m ore  to one side; C - A t the clamp (< 1 cm  from  the clamp)



Table 5. Breaking strength: 21 days - measurements in grams

Cow
# N orm a l*

Point of 
B reak ing** Nylon

Point of 
Breaking V ic r y l

Point of 
Breaking Catgut

Point of 
Breaking

3452a 410 A 520 B 450 C
625 A 420 B 480 N 840 C

3452b 430 A 480 C 380 A 420 B
420 B 480 A 460 N

3285a 320 B 400 N 380 N
460 A 520 B 340 C 420 B

3285b 600 A 510 B 640 A 420 B
400 B 300 A 360 C

3106a 380 N 740 N 560 N
500 A 590 N 540 A 600 N

3106b 460 A 540 N 430 N 860 N
620 N 680 N 660 N

16a 680 N 580 N 460 N
950 A 290 N 540 N 940 B

16b 380 A 330 A 420 B 420 N
360 B 600 N 910 B

3115a 560 B 420 A 540 N
620 A 450 N 400 N 510 B

3115b 510 A 520 N 250 A 520 N
260 N 600 B 360 N



Table 5 (Continued).

Cow
# N orm a l*

Point of 
B reak ing** Nylon

Point of 
Breaking V ic r y l

Point of 
Breaking Catgut

Poin t of 
Breaking

20a 420 N 370 A 580 N
490 A 370 B 240 N 430 A

20b 520 A 475 N 340 B 280 N
380 N 390 N 370 N

Tota l 6545 10,725 11,080 12,700

Mean 545.42 446.88 461.667 529.167 O'
vO

SD +147.98 +106.24 +133.12 +194.17

Median value fo r  norm al intestinal tes t strip  = 505 g 
SD = standard deviation

N orm a l sections (no anastom osis )

Point of Breaking: A  - Anastomosis (m idd le ); N - Next to Anastom osis (< 1 cm  fro m  Anastom osis );
B - Between Anastomosis and clamp (> 1 cm  from  Anastom osis ); C - A t  the 

clamp (< 1 cm  from  the clamp)
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Table 6. Com plete ly  random ized design analysis o f variance.

Source of D egrees  
Variation  of F reedom

Sum of 
Squares

Mean
Square F

Bursting P re s su re - 7 Days

Treatm ents 3 10434.72 3478.24 1 .48 **

E r r o r 43 100726.07 2342.47

Tota l 46 111160.79

Breaking Strength - 7 Days

Treatm ents 3 30990.644 10330.215 0.5735**

E r r o r 90 1621174.855 18013.054

Tota l 93 1652165.499

Breaking Strength -2 1  Days

Treatm ents 3 137425.75 45808.58 2 .1 5 **

E r r o r 80 1704780.2 21309.75

Tota l 83 1842205.95

Not significant at a = 0.05 significance leve l.
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Table 7. Bursting p ressure (% o f norm al mean value) 7 days.

Tota l % Point of Bursting
O bser-  Bursting (% Tota l Observations)

Suture vat ions P ressu re A B C

Nylon 12 93.9 8. 3 50.0 41.7

V ic r y l 12 78.6 66.7 16.66 16.66

Catgut 12 79.7 66.7 8. 3 25. 0

N orm a l 11 100.0 36 .4 6 3.6

Table 8. Breaking strength (% o f norm al mean value) 7 days.

Tota l 
Ob s e r -

%
Breaking

Poin t of Breaking 
(% Tota l Observations)

Suture vations Strength A N B C

Nylon 24 93. 0 20. 8 58. 3 12. 5 8. 3

V ic ry l 24 90.0 1 6 .7 54. 2 20.8 8. 3

Catgut 24 92.8 12. 5 58. 3 20.8 8. 3

N orm a l 22 100.0 80. 9 9. 1

Table 9. Breaking strength (% of norm al mean value) 21 days,

Suture

Tota l 
Ob s e r -  
vations

%
Breaking
Strength

(%
A

Point o f Breaking 
Tota l Observations) 

N B C

Nylon 24 81.2 4.2 54. 2 37.5 4. 2

V ic r y l 24 84. 3 33. 3 45. 8 16.7 4 .2

Catgut 24 96.3 8. 3 54. 2 25.0 12. 5

N orm a l 12 100.0 100. 0 0
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Sample Median; A  Measure o f Sample A verage

Median value was chosen because it was a m ore  meaningful ind i­

cator of sample average  since there w ere  many var iab les . Variation  

in bursting p ressure m easurem ent was in point of disruption, manner 

in which the leakage of oxygen occurred , and rate of inflation with 

oxygen not being p rec is e ly  controlled . There  was varia tion  in point 

o f disruption and number of runs for each test strip  for breaking 

strength m easurem ent.

Results w ere  expressed  as percentages fo r  those readings 

above and below norm al median value because actual readings w ere  

d ifficu lt to in terpret.

Since it was expected that both bursting and breaking of normal 

intestine would occur in the m iddle of the test segment, a ll readings 

where bursting or breaking was next to the clamp w ere  omitted in 

determ ination of normal median value. This was because the clamp 

m ay have had some influence.

A l l  values for each suture m ater ia l above the median value
*
ir r e sp e c t iv e  of where bursting or breaking occurred  w ere  included on 

the assumption that in these instances the anastomosis was at least

s tronger than norm al intestinal wall.
#

Bursting pressure  values below the median value included w ere  

only those where bursting occurred  at the anastomosis due to the 

poss ib il ity  of suture m a ter ia l e ffect on healing. Breaking strength
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Table 10. Bursting p ressure - 7 days. Results expressed  as a % 
of the median fo r  norm al gut (128. 5 m m  Hg).

Nylon V ic ry l Catgut

Above N orm a l Median 80 41.7 63.6

B elow  N orm a l Median 20 58. 3 36.4

Tota l Number of Observations 10 12 11

Table 11. Breaking strength - 7 days. Results expressed  as a % 
of the median fo r  the norm al gut (580 g).

Nylon V ic r y l Catgut

Above N o rm a l Median 20 27.8 38. 9

Below  N o rm a l Median 80 72.2 61. 1

Tota l Number of Observations 20 18 18

Table 12. Breaking strength - 21 days. Results expr 
o f the median for  norm al gut (50 5 g).

essed as a %

Nylon V ic r y l Catgut

Above N o rm a l Median 47.1 42. 9 57.9

B elow  N o rm a l Median 52. 9 57.1 42. 1

Tota l Number of Observations 17 21 18
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values below  the median included w ere  those where breaking occurred  

at the anastomosis. Those breaking next to the anastomosis w ere  

a lso  included on the assumption that suture m a ter ia l somehow affected 

the strength o f the intestinal wa ll next to the anastomosis.

Tab les  10, 11 and 12 have the resu lts.

H isto log ic  Observations

Anastom osis

The ideal "c rush ing " sture technique would have a ll the intestinal 

layers  accurate ly  appositioned but in our anastomoses there w ere  

va r ia t ion s .

The anastomoses w ere  d iv is ib le  into 3 main groups based on the 

manner in which the layers  w ere  appositioned (F igu res  10, 11, 12,

13, 14, 15 and 16).

These groups w ere :

1) A l l  layers  apposition ing.

la ) A l l  layers  appositioning but with one or m ore  ep ithelia l 

islands on the serosa l side.

2) Epithelium and submucosa layers  continuous but the 

muscular layer  somewhat evert ing .

2a) L ike (2) but with mucosal islands on the se rosa l side.

3) A l l  layers  evert ing  with continuity of the mucosa. Fibrous 

tissue fo rm ed  a bridge on the outside.

3a) L ike  (3) with m ucosal islands on the outside.



F igu re  10. Quality o f anastomosis.
A  = mucosa; B = submucosa; C = muscle 
layer ; D = subserosal scar; E = serosa ; 
F  = ep ithelia l island.
1 = expected apposition
2 = m uscle layer  evert ing
3 = a ll layers  evert ing
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F igu re  11. Type 1 approximation of the cut ends. Sutu 
m a te r ia l  is seen at the site of anastomosis 
(a r row ).  H/E stain x 5.

F igu re  12. Type la  approximation. A r r o w  shows 
ep ithe lia l island. H/E stain x 5.
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F igu re  13. Type 2 approximation. The apparent tract 
(a r row ) is an artifact. H/E stain x 5.

F igu re  14. Type 2a approximation. A r row s  show 
ep ithelia l islands. H/E stain x 5.
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F igu re  15. Type 3 approximation. A r r o w  shows space 
fo rm e r ly  occupied by suture m ater ia l.  H/E 
stain x 5.

F igu re  16. Type 3a approximation. The epithelia l
island (a rrow ) contained some eosinophilic 
substance.
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Table 13 shows the percentage of the various types based on the 

3 suture m ater ia ls  and total.

Tab le  13. H isto log ic  evaluation of the anastom oses, expressed  as 
% of total observations.

Suture 1 la 2 2a 3 3a
Tota l

Observations

Catgut 12. 5 29.2 4. 2 25.0 25.0 4.2 24

Nylon 3.7 2 9 . 6 7.4 40.7 11.1 7.4 27

V ic r y l 0 22.2 3.7 40.7 2 9 . 6 3,7 27

A ve rage 5.4 27 5. 1 35. 5 21.6 5. 1 78

C ellu lar  Reactions

N y lon . At 7 days, ce lls  observed  w ere  mainly f ibrob lasts 

around the suture m ater ia l.  Few  macrophages and eosinophils w ere  

present. At 21 days there was m ore  collagenous tissue. G enera lly , 

the reaction  was m in im al (F ig s .  17 and 18).

P o lyg lac t in  910 (V i c r y l ) . Cells  observed  w ere  m acrophages ,_ 

giant c e l ls ,  eosinophils, neutrophils, and a few  fibrob lasts and 

lym phocytes. There  was ce llu lar  in filtration  around suture m a ter ia l 

even at 7 days. The reaction  at 21 days was m ore  intense than at 

7 days (F ig s .  19 and 20). Compared to catgut macrophages and giant

ce lls  w ere  predominant.



F igu re  17. Nylon reaction  at 7 days (a r row s ).  Suture
m ate r ia l  was d isplaced during the cutting of 
the section. H/E stain x 31.25.

F igu re  18. Nylon reaction  at 21 days (a r row s ).  Collagen 
f ibers  w ere  re la t iv e ly  m ore  mature. H/E 
stain x 80.
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F igu re  19. Catgut reaction  at 7 days (a r row s ).  C lear 
a rea  around the suture m a ter ia l m ay be a 
shrinkage artifact. H/E stain x 50.

F igu re  20. Catgut reaction  at 21 days (a r row s ).  The 
reaction  is r e la t iv e ly  m ore  intense than at 
7 days. Notice suture m a ter ia l fra gm en ta ­
tion. H/E stain x 80.
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Catgut. Neutrophils w ere  predominant. Other ce lls  observed 

w ere  m acrophages, giant c e l ls ,  eosinophils and few  fibroblasts and 

lymphocytes. F ibrob lasts  at 7 days tended to encapsulate the suture 

m a ter ia l.  The reaction  at 21 days was m ore  intense than at 7 days 

(F ig s .  21 and 22). The suture m ater ia l in some instances showed 

fragmentation and ce llu lar  in filtration  at 21 days.

Poo led  Data Results and Com parative Grading

Tables 14, 15, 16 and 17 have pooled data results.

The pooled data results w ere  not based on sta tis t ica lly  s ign ifi­

cant leve ls  but on apparent genera l trends favoring one suture m ateria l 

o r the other,

Com parative grading was done to present the pooled data results 

num erica lly . Points w ere  g iven  to the 3 suture m ater ia ls  as follows: 

Best = 3 points; m iddle = 2 points; and last = 1 point. Table 16 con­

tains the findings.



F igu re  21. V ic r y l  reaction  at 7 days (a r row s ).  H/E 
stain x 31.25.

F igu re  22. V ic r y l  reaction  at 21 days (a r row s ).  R e a c ­
tion is r e la t iv e ly  m ore  intense than at 7 days 
H/E stain x 31.25.
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Table 14. Poo led  results data. % norm al mean value.

Best Middle Last

Bursting P re s su re  (7 days) Nylon Catgut V ic r y l

Breaking Strength (7 days) Nylon Catgut V ic r y l

Breaking Strength (21 days) Catgut V ic ry l Nylon

Table 15. P oo led  results data. % above norm al median value.

Best Middle Last

Bursting P re s su re  (7 days) Nylon Catgut V ic r y l

Breaking Strength (7 days) Catgut V ic ry l Nylon

Breaking Strength (21 days) Catgut Nylon V ic ry l

Table 16. H is to log ic  evaluation.

Percen tage  Types 1 and la  Anastom oses 

Best M iddle Last

Catgut Nylon V ic r y l

Re la tive  Ce llu lar  Reaction 

Best M iddle Last

Nylon V ic r y l

Catgut
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Table 17. Com parative grading.

Nylon V ic ry l Catgut

1) % N orm a l Mean

Bursting P re s su re  (7 days) 3 1 2

Breaking Strength (7 days) 3 1 2

Breaking Strength (21 days) 1 2 3

2) % Above N orm a l Median

Bursting P re s su re  (7 days) 3 1 2

Breaking Strength (7 days) 1 2 3

Breaking Strength (21 days) 2 1 3

3) % Types 1 and la  Anastomoses 2 1 3

4) R e la t ive  Cellu lar Reaction 3 1.5 1.5

Tota l 18 10. 5 19.5



DISCUSSION AND  CONCLUSIONS

Methods of evaluating gain in tissue strength (bursting pressure 

and breaking strength) and m orpholog ic  changes in the healing wound 

w ere  used to evaluate the e ffec ts  o f suture m ater ia ls  on healing of 

sm all intestinal anastomoses in cattle.

Bursting p ressure seems to be a good indicator of the anasto­

m otic  in tegr ity  because it involves the entire c ircum ference  of the 

anastom osis. H ow ever , it is the m ost c r i t ic iz ed  method of evaluating 

the gain in strength of intestinal anastomosis due to the r ig id ity  of the 

anastomotic site making it not distend proportionally  with the unin­

vo lved  gut (N e lsen  8s Anders , 1966; Cronin et al. , 1968; P e te r s ,  1972; 

Hastings 8s VanWinkle, 1972; Hastings et al. , 1975; Peacock  8s 

VanWinkle, 1976). Its weaknesses tend to l im it  its usefulness in 

evaluating b iophysica l p roperties  of healing.

Breaking strength m easurem ent has been recom m ended (Peacock  

8s VanWinkle, 1976) but its c lin ica l sign ificance is doubtful because 

the test strips used do not represent the entire  anastomosis. In our 

study test strips came from  the same site on the gut wall,  e v e ry  test 

strip  tested had two stitches included and the test strips w ere  uniform 

in s ize . Considering this, it appears, the test strips w ere  adequate.
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Bursting P ressu re

Bovine m esen tery  is in two separate layers  within 2. 5 cm  from  

the intestinal w a ll and it attaches on either side o f m esen ter ic  side 

instead of attaching d irec t ly  to the m esen ter ic  border . The two layers  

of the m esen tery  had to be le ft  intact because it was observed  that i f  

the m esen tery  was tr im m ed  c lose to the intestinal w a ll,  oxygen leakage 

invar iab ly  occurred  in the area  or ig ina lly  covered  by the m esen tery  

at a distance fro m  the anastomosis. In o rder to overcom e this p rob ­

lem , 2. 5 cm  of m esen tery  was le ft attached to the intestine. H ow ­

ever, this caused the test segment to fo rm  a loop instead of being 

straight a fter it was attached to the clamp and also during the time 

it was inflated with oxygen.

The length of the test segment was dictated by the looping ten ­

dency. Segments shorter than 20 cm  could not be attached to the 

system  without tearing the attached m esen tery . Thus, a ll the test 

segments w ere  20 cm  long. In addition, not a l l  the test segments had 

the same d iam eter . Although the s ize  variations occurred , each 

animal had a control and 3 test segments, one fo r  each suture m ater ia l.  

Size varia tion  might have influenced the varia tion  in the resu lts.

The rate o f inflating the test segment with oxygen was not p r e ­

c is e ly  contro lled . The same person inflated a ll the test segments and 

as such,it was fe lt  that the slow rate of inflation used was fa ir ly



95

uniform . H ow ever, it would have been m ore  accurate i f  the rate of 

in flation was constant.

Poin t of disruption may have been influenced by norm al v a r ia ­

tions in tissue strength from  animal to animal or by the rem ova l o f 

adhesions. It may be worth noting that no test segment disrupted 

exactly  at the site held by the tie  bands or d irec t ly  at the edges of the 

cy lindr ica l p lex ig lass  to which the test segment was attached.

M a jo r ity  of the norm al test segments burst within 1 cm  from  

the edges o f cy l indr ica l p lex ig lass holding the test segment. This 

could have been due to possible weakening of the tissues at the site 

during attachment.

Disruption at a point away from  the anastomosis may have been 

due to the anastomosis being stronger, or the tissue being weakened 

by in flam m ation or tissue harvesting techniques. M ore  nylon sutured 

anastomoses burst at a point away from  the anastomosis than for  the 

other two suture m ater ia ls .  In fact,the m a jo r ity  o f v ic r y l  and catgut 

suture anastomoses burst at the anastomosis. This im p lies  some 

e f fec t  of sutures on the strength o f the anastom osis. It seem s the 

m ore  react ive  sutures have weaker anastomoses which results in

bursting d irec t ly  on the anastomosis.
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Breaking Strength

The positions of the stitches w ere  determ ined v isually  be fore  

fix ing the p lex ig lass  template in place fo r  cutting. The m ucosal s u r ­

face was s lippery  and i f  the test strip was cut with a regu lar blade 

(Bard P a rk e r ) ,  there was a tendency to slip and cut unevenly. A 

derm atom e blade was used to reduce this problem .

The se lection  of a standard length fo r  the test str ip  was based 

on the fact that breaking always occurred  away from  the anastomosis 

when 10 cm long test strips w ere  used. With 6 cm  long test s tr ips , 

there was a higher tendency to break at or near the anastomosis.

Due to this, 6 cm (3 cm on e ither side of the anastomosis) was chosen 

as the standard length.

There  was a tendency for  the test strip  to slip out o f the clamp 

when a distracting fo rce  was applied. In o rder  to o vercom e this, the 

clamping surfaces w ere  roughened and the amount of tightening r e ­

qu ired was a m atter of fee l (exper ience ).

A t t im es re-runs of a test strip  w ere  indicated and this was 

m ain ly in cases of slippage or where breaking occurred  at or next to 

the clamp. Thus, one side of the test s tr ip  was shorter than the other 

a fter  the re-attachm ent. Most of the test strips broke on the same 

side they broke during the f i r s t  run. These re-runs might be expected 

to requ ire  less  d istracting fo rce  to break since the test strip  was 

somewhat weakened, but m ost of the tim es they w ere  stronger
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than the f ir s t  run. H ow ever , the re-runs added a var iab le  to the 

resu lts.

Results w ere  based on the la rges t y ie ld  point reading of each 

test strip. There  was m arked variations between cows and even fo r  

the same cow and anastomosis. A d le r  et al. , 1967 using strips from  

the colon of the dog made s im ila r  observations. In our study we 

thought that the variation  in the point of breaking and breaking 

strength was due to the presence of adhesions, in flammation and 

suture m ater ia l.

The point of breaking was variab le  although genera lly  it o c ­

curred  within 1 cm  from  the anastomosis on one side or the other. 

Adhesions may have contributed to the varia tion  i f  the test str ip  came 

from  an area  where adhesions had been rem oved  or i f  there was a 

considerable adhesion left attached.

At 7 days m ore  of the nylon sutured anastomoses broke at or 

next to the anastomosis. Catgut had the lowest number breaking at 

the anastom osis. Thus, assuming that breaking at or next to the 

anastomosis was a sign of tissue weakness, then nylon sutured ana's- 

tom oses w ere  weaker. This may have been due to the nylon m a ter ia l 

cutting through the tissue weakened by the in flam m atory reaction. 

Catgut, which swells  when wet, had the least cutting e f fe c t  during 

d istraction  and thus produced the strongest anastom osis. The techn i­

ca l quality of the anastomosis m ay have contributed to the d ifference
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between catgut and v ic r y l  sutures since catgut had the highest p e r ­

centage with the best alignment of t issues. Catgut and v ic r y l  anas­

tom oses had the higher percentage breakage between the anastomoses 

and the clamp as compared to nylon. This may be attributed to the 

m ore  extensive in flammation associated with absorbable sutures and 

supports partly  the observation  by Hastings et a l.(1975) that abso rb ­

able suture m a te r ia l  sutured anastomoses are weakened up to 6 cm  

fro m  the anastomosis.

A t 21 days, considering the number o f test strips breaking at 

the anastomotic site and assuming that test strips breaking at or next 

to the anastomosis had weaker anastomoses, nylon had the lowest 

percentage breaking at these points. T h e re fo re ,  nylon sutured anas­

tom oses could be considered the strongest, catgut second and v ic r y l  

was a c lose  th ird. The apparent weakness of the anastomoses su­

tured with absorbable m a ter ia l was possib ly  due to the delayed in ­

f lam m atory  reaction. The g rea te r  varia tion  in alignment of the 

intestinal w a ll layers  in v ic r y l  anastomoses m ay explain the superior 

resu lts o f catgut sutured anastomoses. It appears that the stronge'r 

the anastom osis, the g rea te r  the tendency o f the test str ip  to break 

between the anastomosis and the clamp (norm al portion). This part 

o f the test s tr ip  was not expected to have as much scar tissue as the 

anastomotic site and as such it might have been a w eaker portion. The 

fact that nylon is a non-absorbable m a te r ia l  may have contributed to
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the g rea te r  strength of nylon sutured anastomoses in the face of a 

reso lved  in flam m atory  response.

H isto log ic  Evaluation

Quality of Anastomosis

Catgut had the highest percentage with anastomoses c lose  to the 

des ired  type of apposition, fo llowed by nylon and v ic r y l .  Looking at 

the results in re trospect, it was rem em bered  that catgut suture 

m a te r ia l ,  due to its tendency to break when tied down too quickly, had 

the f i r s t  throw tied  down m ore  cautiously. V ic r y l  which had the best 

handling quality, had the f i r s t  throw tied down m ore  quickly. In v iew  

o f the fact that a ll the anastomoses w ere  done by the same person, 

and the assistant was the same person except fo r  2 cows (12 anas­

tom oses ),  the varia t ion  in the type of anastomosis, might be what 

usually happens in crushing suture pattern. This might be the cause 

of post-opera tive  complications associated with crushing pattern.

Chrom ic catgut suture had the f i r s t  throw tied  down m ore  cau­

tiously  to accom plish  the crushing phase and this gave the best resu lts. 

Thus, m ore  care may be n ecessa ry  with crushing technique in tying 

down the f i r s t  throw. This m ay reduce the amount of e vers ion  o f the 

layers  of intestinal wall.  With crushing technique evers ion  may occur 

in the spaces between sutures since the suture brings together the 

tissues m ain ly at the site of the ir  placement. E vers ion  of the mucosa 

and the muscular layer  is probably enhanced by the fact that a fter the



1 0 0

intestine is transected, the muscular layer  contracts and the mucosa 

curls o ve r  the muscular layer  due to loose attachment of mucosa to 

the submucosa.

It is probably important to mention that a l l  the anastomoses we 

p er fo rm ed  w ere  watertight at completion of suturing despite the high 

incidence o f evers ion .

The single h isto log ic  section studied for  each anastomosis did 

not n ecessa r i ly  re f le c t  the alignment fo r  the entire anastomosis.

Ser ia l sections of the en tire  anastomosis may g ive  a better picture 

o f apposition.

C e llu lar  Reaction

Nylon and chrom ic catgut suture m ater ia ls  reactions were  

s im ila r  to that described  in litera tu re .

V ic r y l  had some ce llu lar in filtration  between strands even at 

7 days. E a r l ie r  report by C ra ig  et al. (197 5) said that there was 

m in im al ce llu lar  in filtration  at 5 days in subcutaneous tissue and 

m uscles o f rats. Genera lly  the reaction  to v ic r y l  was re la t iv e ly  

s im ila r  to that o f chrom ic catgut. In formation in litera ture  about 

v ic r y l  is rather confusing. Horton et al. (1974) said that the reaction 

was less than that of catgut and VanWinkle et al. (197 5) said that v ic r y l  

was m ore  reac t ive  than catgut in dog 's  skin.

F ina lly , using a com parative grade on pooled data, we found 

that chrom ic catgut sutured anastomoses showed the best healing
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properties  fo llowed by nylon and v ic r y l  respec t ive ly .  The results 

indicated that chrom ic catgut was a better absorbable suture m ater ia l 

fo r  je junal anastomoses in cattle than v ic ry l .

M ore  studies on crushing technique are des irab le . Studies in ­

vo lv ing making s e r ia l  sections o f the entire  anastomosis to determ ine 

the rate of evers ion  w i l l  provide in form ation  on the quality of the 

crushing technique fo r  end-to-end appositional intestinal anastomoses.



SUM M ARY

The purpose of this investigation was to study the influence of 

suture m ater ia ls  on healing of intestinal anastomosis in cattle . A  

total of 120 anastomoses w ere  per fo rm ed , 40 using each o f m ono­

filament nylon, chrom ic catgut and polyglactin  910 (v ic r y l )  suture 

m ate r ia ls .  Results w ere  based on observations at 7 days and 21 days 

p o s t-op e ra t iv e ly . The findings are sum m arized  below;

1) Chrom ic catgut sutured anastomoses w ere  the best o ve ra l l  in 

healing p roperties . Nylon was the second, and v ic r y l  was the last.

2) There  was a m arked varia tion  within the results of both the bu rs t­

ing p ressure and breaking strength. There  was no statistica l 

d ifference  in the results of bursting p ressure and breaking strength 

but genera lly  there w ere  trends favoring  one suture m a te r ia l  or 

the other. Breaking strength results w ere  variab le  in the same 

animal and even the same anastomosis.

3) The point of bursting or breaking was va r iab le .  In other words , 

not e v e ry  anastomosis disrupted at the anastomotic site.

4) Accurate  apposition of the cut ends was present in 32.4% of the 

78 h is to log ic  sections studied. The other anastomoses had one or 

m ore  layers  evert ing . Frequently  there was one or m ore  mucosal

islands on the se rosa l side.
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5) Chrom ic catgut had the highest percentage o f the anastomoses 

with the expected apposition of the intestinal ends; nylon was the 

second and v ic r y l  had the lowest.

6) V ic r y l  was no better than chrom ic catgut regard ing  intensity of 

ce llu la r  reaction  at 7 and 21 days.
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