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ound healing proceeds in a stepwise, time-

dependent fashion. The same is true of a healing

bowel anastomosis. When the bowel is surgically
transected, there is an immediate inflammatory response
elicited by activation of the clotting cascade and by
recruitment of platelets. The inflammatory cascade is
propagated via the release of inflammatory mediators
stored in platelet granules. Neutrophils are subsequently
mobilized into the wound. This inflammatory phase of
wound healing lasts for the first 2 to 5 days following
transection. At this time, the collagen matrix is degraded
by collagenases and metalloproteinases. It is during this
initial phase that the integrity of the anastomosis depends
almost entirely on the mechanical sealing of the lumen
by sutures or staples.'

Collagenolysis is necessary to create a local pool of
amino acids, especially those unique to collagen—proline
and lysine. The newly formed collagen “recycles” these
amino acids. The extent of collagenolysis varies among
tissues. Collagenolysis proceeds along the sides of the
wound for variable distances. These tissues undergoing
collagenolysis around the wound become weaker than
normal tissue and are the site most susceptible to failure
in the early phases of wound healing. It has been shown
that in a colonic anastomosis there is more collagenolysis
than in gastric or small bowel anastomosis.”

Around the fifth postoperative day there is a transition
from the inflammatory phase to the proliferative phase
of wound healing. With the proliferation of fibroblasts,
there is a shift from collagen degradation to collagen
deposition. Day 7 represents the point where the fibro-
plasia phase reaches its maximal level.” It is at this crucial
time that any imbalance can result in the potentially cata-
strophic consequence of anastomotic dehiscence that
becomes clinically evident as an abscess, ileus, peritonitis,
or fistula.*

Once collagen deposition predominates over collage-
nolysis, the approximation of the two ends of bowel is no
longer dependent on sutures or staples but on the cellu-
lar matrix surrounding the collagen fibers. Itis important
to recognize that the time frames of tissue healing stages
are shifted by factors impairing wound healing. Cortico-
steroids, chemotherapeutics, and antirejection medica-
tions attenuate and prolong the inflammatory phase.
Antiangiogenic drugs and nutrient deficiencies extend
collagenolysis and blunt collagen synthesis. Similarly,
the presence of local infection intensifies collagenolysis.
Consequently, the selection of materials, sutures, and/or
staples should be made with consideration to these
factors. For instance, suture material that is reabsorbed
in less than 3 weeks, such as chromic catgut, may be pref-
crable in cases where none of these factors exist as the
material is no longer needed beyond 7 days. Conversely,
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in a transplantation patient requiring bowel anaston
polyglyconate sutures may be a more appropriate |
as complete healing may take more than 3 weeks,
Malnutrition is often blamed for the failure of intes(s
nal anastomoses. While implicating malnutrition ip Imﬂr;
wound healing makes some intuitive sense, the evidenee
for failure of bowel anastomosis from malnutrition"rs.:‘i
quite weak. One way of linking malnutrition to PO
surgical outcomes is through the tight correlatiop of
hypoalbuminemia with poor outcomes, including fajlyye
of bowel anastomoses, However, it is well recognized that
hypoalbuminemia is 2 marker of much broader |)llysi'n;:
logic derangements than just malnutrition. To achieye
poor wound healing in animal experiments, one needs
to induce such a state of malnutrition that the animals
are moribund from protein depletion. Even then (ke
body prioritizes visceral wound healing over most othej
sources of protein consumption, including parictaﬂ,
wound healing. Therefore, in cases of emergency surgery.
when the only “risk” factor of poor wound healing 18
malnutrition, we would not hesitate to create a howel
anastomosis, albeit with what we believe is the safest tecl-
nique (double-layer hand-sewn). In these cases, we worty
more about the healing of an abdominal wound and may
protect the wound with retention sutures.
Although in the industrialized world it may seem that
surgical stapling devices have completely supplanted
hand-sewn anastomoses, hand suturing remains a ericial
skill in every surgeon’s armamentarium. Even in indus-
trialized countries it is becoming too expensive to use the
many disposable devices made for construction of bowel
anastomoses (e.g., purse-string appliers in addition (0
staplers). With very few exceptions, such as an ultralow
coloproctostomy, the use of stapling has not shown supé:
riority in clinical outcomes, although it is certainly II]UI'e_
convenient and expeditious. However, certain situations
are not amenable to surgical stapling (e.g., in I‘C()l'_)t:l.'ﬂ.i'
tions where the bowel can be mobilized safely u.n]}_'
enough for an end-to-end anastomosis but not for 4
“functional” end-to-end anastomosis), and it is in these
situations that the surgeon’s facility with suturing lﬁ_ﬁ_h’;
niques can vastly affect the outcome of an operation
requiring an intestinal anastomosis.

SURGICAL SUTURING AND TECHNIQ[JE_#,,5
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As with any other skill, hand-sewing of an infes
anastomosis requires practice. Having observed or ¢ i
a few hand-sewn intestinal anastomoses under dl[ﬁfé
supervision does not allow for the development © lf
skills necessary to perform an anastomosis, }J;Il'll(‘ll]lﬁ‘;_ y
in critical situations (i.e., any situation where a surgets

MR
skilled at stapling cannot use staplers). Therefore, 1t is
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everyone’s advantage (patient, surgeon, and operating
tcam) to perform hand-sewn anastomoses in straight-
forward cases. As it is discussed in Techniques and
pitfalls in Surgical Stapling, later, hand-sewn end-to-end
enteroenterostomies are physiologically superior to
S[apled “functional” end-to-end anastomoses. Unless
time is of the essence for the patient’s survival, for
example, a patient with multiple injuries, we believe that
most enteroenterostomies should be hand-sewn. In this
manner, when the difficult gastrojejunostomy or colo-
proctostomy comes about, the surgeon is familiar with
placing sutures on the bowel and tying them.

SUTURE MATERIAL

with the exception of stainless steel, which has been
largely abandoned for surgeons’ safety, all sutures

roduce some degree of tissue reaction. The degree of
inflammation corresponds to the amount of collagenases
and metalloproteinases produced in the local wound
environment and this determines the subsequent loss of
tensile strength in both the wound and the suture mate-
rial itself.’

The type of suture used has traditionally been tailored
to the particular enteric wall layer and location within
the intestinal tract. Intestinal anastomoses are usually

erformed in a two-layer fashion. The inner layer consists
of an absorbable suture material such as chromic cat gut,
polyglactin, or polyglycolic acid, while the outer seromus-
cular layer utilizes nonabsorbable suture, most com-
monly silk.

Polyglactin and polyglycolic acid sutures are used
interchangeably with chromic catgut, but have the added
benefits of decreased inflammatory response and
increased strength. The downside of these sutures is that
they are braided, producing more drag across the intes-
tinal wall, and may harbor bacteria in their interstices.
Silk suture is still the traditional nonabsorbable suture
most commonly used for intestinal anastomoses, and it
was lauded as the most reliable suture by Halsted as far
back as 1913.°

Bilioenteric anastomoses present the additional chal-
lenge of immediate bile flow, which, by nature of its low
surface tension, can leak through minute spaces. Because
they only accept one layer, they are commonly performed
with more durable absorbable synthetic monofilaments.
Because chromic catgut is reabsorbed between 18 and 21
days, it is not the material of choice for single-layer appli-
cations such as hilioenteric anastomoses.” The absorb-
able synthetic monofilament sutures of polydioxanone
and polyglyconate are the commonly used sutures in
these anastomoses because of their longer retention time
In wounds and sustained breaking strength.

In conclusion, in two-layer anastomoses, the inner
a}’er is usually an absorbable suture such as chromic

fatgut, Dexon, or Vieryl, with the outer seromuscular
sutch being silk. I a one-layer anastomosis is to be per-
formed, either a nonabsorbable suture, such as silk, or a

|nm,. lasting absorbable suture can be used,

SUTURE MATERIAL AND CELL ADHERENCE

It has been hypothesized that suture material can poten-
tiate bacterial infection in an intestinal anastomosis.

Assuming that suture materials can encourage bacterial
infection, a potential mechanism for such a phenomenon
could be bacterial adherence to the suture material.

Chu and Williams examined 10 types of suture,
ranging from absorbable to nonabsorbable, monofila-
ment to braided, and synthetic to natural origins, and
quantitatively determined the adhesion of radiolabeled
bacteria to these various sutures. They found that
polydioxanone sutures exhibited the lowest affinity to
the adherence of Escherichia coli and Staphylococcus avreus.
Dexon sutures exhibited the highest affinity to these
species.’

Katz et al both confirmed these results and demon-
strated via an in vivo model of wound infection that
suture materials potentiate bacterial growth and cause
infection in mice. They injected suspensions of staphylo-
cocci into subcutaneous pockets in mice and found that
10° bacteria were necessary to cause wound infection in
mice in the absence of suture, whereas only 10° were
necessary to elicit significant wound infection in the pres-
ence of suture. They also found that the inflammatory
response and infectivity scores correlated nicely with the
adherence indices of the various types of suture. The
fastest removal of bacteria was from nylon and the slowest
was from silk.” Although no clinical study has yet proven
this hypothesis, consideration should be given to the type
of suture used in the event of gross fecal soilage.

Manufacturers of suture material have proposed that
the ability of sutures to repel bacteria can have an impact
on the healing of an intestinal anastomosis. Although
this may intuitively seem to have some validity, it has not
been supported by any science. The bowel wall seems
perfectly capable of handling luminal bacteria even
when sutures or staples are used in suboptimally pre-
pared bowel.

This concern of potential infectivity through suture
material has led manufacturers of suture materials to add
germicidals and antibiotics to the sutures. One problem
with this approach is the effect of these agents on the
inflammatory and fibroplastic process. By attenuating
this process, anastomotic healing may be impaired.

An alternative approach has been to locally modulate
collagenolytic activity by introducing metalloproteinase
inhibitors such as doxycycline into suture material. Pas-
ternak et al utilized a rat model to show that matrix
metalloproteinase inhibitor-coated sutures improves
tissue integrity and increases breaking strength during
anastomotic repair.'’

Both in vitro and animal data support the theory that
certain suture materials support the growth of tumor
cells more than others." Using a rodent model, Rein-
bach demonstrated that radiolabeled tumor cellsadhered
more avidly to silk suture used to close enterotomies of
the colon than they did to polydioxanone sutures (PDS)."?
Further investigation is obviously warranted before decid-
ing which suture truly conveys an oncologic advantage in
bowel anastomoses.

METHODS OF SUTURING

Suture lines can be created either in a simple or inter-
rupted fashion or in a continuous running manner. The
advantage of a continuous suture is that the suture line
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is more watertight with the disadvantage being that the
integrity of the entire suture line is based on one stitch.
Hemostasis is also improved with a continuous suture
with the converse effect being that continuous suturing
may constrict anastomotic blood flow leading to ischemia
and anastomotic dehiscence.

Regardless of whether the suture is run in continuous
or interrupted fashion, a bowel anastomosis must adhere
to the following principles: the anastomosis must be
watertight and must have mucosal apposition; the sub-
mucosa, which supplies much of the strength to a bowel
anastomosis, must be incorporated into the closure; and
care must be taken not to strangulate or instrument the
edges of the bowel during closure in order to avoid stric-
ture or necrosis and subsequent anastomotic leakage. A
lack of tension, or distraction, on suture lines is a must.

Lembert Suture

Lembert suture is the most commonly used suture in
gastrointestinal surgery (Figure 73-1). It is used as the
outer layer of a two-layer bowel anastomosis and is also
used to repair seromuscular tears in the bowel wall. The
stitch is started approximately 3 to 4 mm lateral to the
incision and placed at a right angle to the long axis of
the incision. It incorporates only the seromuscular layer;
care must be taken to not incorporate the full thickness
of the bowel wall. The tip of the needle is brought out

Continuous Lembert

Cushing

Interrupted Lembert

Purse string

Halsted

Connell

FIGURE 73-1 Common methods of intestinal suturing. (From Orr
TG: Operations of general surgery, ed 2. Philadelphia, 1949,
Saunders.)

close to the edge of the incision and is then rejyg,
in the apposing wound edge and brought out 3 (¢ 4 i
lateral to the wound edge. The suture is then tieq dm:n
to a tension that approximates the tissue, but g H
enough to tear the tissue. The most commonly ¢
material for a Lembert suture is either silk oy PDS, 'l‘-‘ e

. i ; : hig
stitch can be performed in an interrupted or :-nnlinim?
manner, '
Horizontal Mattress Suture (Halsted Suture)

A horizontal mattress suture, or Halsted suture, ig pre

dominantly used for seromuscular apposition in muly
layer bowel anastomoses (see Figure 73-1). The supyye it
passed through the seromuscular layer 2 to 3 my I‘“'E‘Tﬁ'l

to the wound edge and brought out at the wound edges
L]

the needle is then passed through the opposing edge of

the wound and brought out 2 to 3 mm lateral. On thy
same side of the wound, approximately 2 mm dista], the
suture is passed through both edges of the woung to
create two free ends of the suture on one side of the
wound edge with the loop of the suture on the other side;
This stitch is particularly useful in damaged, inflamed, op
abnormal tissue where a Lembert suture pulls tlu-(.;l,lgh
the tissue. Because the horizontal mattress stitch disirif.
utes tension in a plane perpendicular to that of a Lember¢
suture, it allows for apposition of tissues with a less crush:
ing effect on them. o

Purse-String Suture '

A purse-string suture is used to invert appendiceal stumps
or to secure feeding tubes or drainage tubes in place. It
is basically a circular continuous Lembert suture about a
fixed point or opening in the gastrointestinal tract. It i§
most commonly performed with nonabsorbable suture
(see Figure 73-1).

Connell Suture

The Connell suture is a full-thickness, uspally continuous
suture that allows for the mucosa to be inverted into the
lumen of a bowel anastomosis (see Figure 73-1). Thé:
suture is started at the edge of the anastomosis and
brought, full thickness, from inside to out on one side
and then outside to in on the opposite side. The suture
is tied so that the knot is inside the lumen. The suture is
then passed through the tissues from inside to out Ol
one side to begin the Connell stitch. On the other limb:
of the anastomosis the suture is driven through {'1.1:‘-"7
tissues, full thickness, from outside to in. On the inside:
of the bowel lumen the stitch is advanced 2 to 3 mitt
along the wall and then driven through the bowel Wa,l_fj
from inside to out on the sameside. With the suture nm\&:
on the outside of the bowel, the next pass is performes
on the opposite side in an identical manner. This crealts
a Usshaped, full-thickness, running inverted suture MMES
It usually serves as an inner layer of a two-layer 11113?‘[‘:’:{
mosis. Absorbable sutures such as chromic or Vierylal€
generally used for these applications.

Gambee Suture .
The Gambee suture is an interrupted single-layer Si"l'u
that inverts the mucosa into the lumen (Figure 78 I'A
The suture is brought full-thickness from outside © %5

I."{ed :
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FIGURE 73-3 Depiction of the Hultl stapler. (From Feil W, Lippert
H, Lozac'h P, et al: Atlas of surgical stapling. Heideloerg,
Germany, 2000, Johann Ambrosius Barth.)

FIGURE 73-2 The Gambee method of intestinal suturing involving
the use of interrupted, inverting sutures. (From Gambee LP,
Garnjobst W, Hardwick CE: Ten years' experience with a single
layer anastomosis in colon surgery. Am J Surg 92:222, 1956.)

and then passed back through the mucosa to exit through
the submucosal layer on the same side. It is then passed
from the submucosa through the mucosa on the oppo-
site limb. The final pass is a full-thickness one from inside
to out on this side. The suture is tied extraluminally. This
creates a full-thickness, inverting suture line. Absorbable
sutures are typically used for this type of anastomosis.
Some surgeons prefer the Gambee stitch for closure of

a pyloroplasty.

Inverted Versus Everted Iptestinal Anastomosis

The concept of'inverting vérsus everting intestinal anas-
tomoses has long been debated. The overwhelming
majority of hand-sewn anastomoses are currently per-
formed in an inverting fashion in either one or two
layers.

In 1956, Gambee et al published a 156-patient series

Of various large bowel anastomoses in which they used a
Single-layer, fullthickness, interrupted, inverting tech-
nique with silk suture (see Figure 73-2)."® They reported
live deaths as a result of anastomotic leaks with a mortal-

ity of 3%. The incidence of all anastomotic complications

Was 8.6%, with the majority being radiographic leaks that
MWere not clinically evident.

_ In 1966, Getzen published a clinical series of 136
Cveried gastrointestinal anastomoses in which only one
leak occurred (resulting in death)." Getzen compared

'ln-\'l-‘r{ing and everting bowel anastomoses in a canine

Model. In 293 anastomoses in dogs, there was no evi-
tnce of mucocele or fistula formation. Anastomotic

‘dema was more pronounced in the everted group up to

2 days after surgery. The tensile strength of the inverted

ANastomosis was two-thirds that of the everted group up

1021 days after surgery. Anastomotic strength was com-
Parable in the two groups after 21 days. There were no

deaths attributable to everted mucosa.'®

. As with any other wound, the ideal form of intestinal
hﬁ‘dling is by primary intention. This is accomplished

when the individual layers of the intestine reconnect at
each side of the anastomosis. Of all layers, the submucosa
is particularly important because it harbors fibroblasts
that will produce the collagen that ultimately holds the
anastomosis together. Inversion of the anastomosis pre-
sents the ends of mucosa to the lumen where they are
further degraded until the submucosa of one side is
apposed to the submucosa on the other side. In an
everted anastomosis, the exposed submucosa tends to
become adherent to any surrounding structure thereby
eliciting adhesions and delaying healing into a secondary-
intention process.

Trueblood et al developed a model for the measure-
ment of healing intestinal wounds. They showed in a
series of 84 rats that inverted closures had superior
strength when measuring bursting pressure. Addition-
ally, they had less gross adhesion formations and more
prompt return to normal bowel architecture.'® Gill et al
echoed these findings in a rabbit model. Twenty-five in
vivo anastomoses were examined and it was found both
grossly and histologically that everted mucosa led to
adhesion and fistula formation."”

STAPLERS AND STAPLING TECHNIQUES

In 1826, Henroz first described a device made from two
metal rings that would approximate two open ends of
bowel and would then be excreted once anastomotic
healing had taken place. He successfully tested the device
on dogs.

One of the first stapling devices used in humans was
the Hultl stapler (Figure 73-3). This stapler was used to
close the stomach during gastrectomies. The array of
staplers now available covers a wide array of anastomoses
to be performed via laparatomy or laparoscopically.

Modern-day staplers deliver staples of various staple
height. A vascular stapler has a closed staple length of
1 mm. Tissue staplers have “blue” cartridges and “green”
cartridges that are used for thin tissues and thick tissues,
respectively. The closed staple length of a “blue” stapler
is 1.5 mm, and it is used for standard tissues such as the
small bowel, colon, and esophagus. The closed staple
length of a “green” stapler is 2 mm. These staplers are
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STAPLE LINES |

30-mm vascular linear stapler

Three staggered rows of staples

30-mm linear stapler

Two staggered rows of staples

FIGURE 73-4 Vascular staple lines versus intestinal staple lines.
(From Feil W, Lippert H, Lozac'h P, et al: Atlas of surgical
stapling. Heidelberg, Germany, 2000, Johann Ambrosius Barth.)

FIGURE 73-5 Depiction of a thoracoabdominal stapler. (From Feil
W, Lippert H, Lozac'h P, et al: Atlas of surgical stapling,
Heidelberg. Germany, 2000, Johann Ambrosius Barth.)

used for thicker tissues such as the stomach or rectum.
Some staplers create staple heights within a “firing”
range at the point the surgeon believes appropriate,
depending on the force used in the approximation of
tissues.

Tissue staplers deliver two staggered rows of staples on
cach side of the divided bowel, whereas vascular staplers
deliver three staggered rows of staples on each side and
are used to divide large-caliber vessels while maintaining
hemostasis (Figure 73-4).

TYPES OF STAPLERS

Linear noncutting staplers (e.g., thoracoabdominal [TA]
staplers) deliver a double staggered row of staples. They
are used in a wide variety of situations including closure
of a hollow viscus, such as the common enterotomy in a
side-to-side bowel anastomosis, closure of gastrotomies,
and division of large vessels (Figure 73-5). Staple length
varies and they can be articulating and nonarticulating.

Linear cutting staplers (e.g., gastrointestinal anasto-
mosis [GIA]) both transect and close hollow viscera by
delivering two double-staggered rows of staple lines and
deploying a knife to divide the tissue between the staple
lines (Figures 73-6 and 73-7). They are used for a variety
of gastrointestinal procedures, such as the formation of
enteroenterostomies and gastroenterostomies, and the
resection of solid organs, such as the liver or pancreas.
Laparoscopic linear cutting staplers come in different
lengths but similar diameter (12 mm). The staple length
varies and the instrument is available in both articulating
and nonarticulating varieties.
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FIGURE 73-6 Various sizes of linear cutting staplers. (From Fgj) W,

Lippert H, Lozac’'h P, et al: Atlas of surgical stapling. Heidelberg, '

Germany, 2000, Johann Ambrosius Barth.)

55-mm linear cutter

Double-staggered rows of stapleg

Cut ling -
Double-staggered rows of staplas

75-mm linear cutter
mmmmemmm e e === Double-staggered rows of staples
eioeg o gopoge i pnegeeens rgonrs Cut ing

Sl e o - o - Double-staggered rows of slaples

100-mm linear cutter

- E e S e T e TN e W e e S e
e e

Double-staggered
rows of staples
Cut line
Double-staggered
rows of staples

FIGURE 73-7 Configuration of the staple lines of linear cutting
staplers in relation to the knife. (From Feil W, Lippert H, Lozac'h
P, et al: Atlas of surgical stapling. Heidelberg, Germany, 2000,
Johann Ambrosius Barth.)

Curvilinear cutting staplers (contour stapler) alo:
have two doublestaggered staple lines and a knife (08
divide in between these lines, but the instrument hf_‘-‘_-i
a curved shape. The staple length is fixed and the
stapler is nonarticulating. The contour stapler offers &l
advantage in a transabdominal proctectomy or \-'Cl)"_l“_“?'
anterior resection of the rectum as it is able to fit iNt®
the narrow confines of the pelvis.

Circular staplers (e.g., end-to-end anastomosis
intraluminal, and procedure for prolapse and ! |
rhoid [PPH] staplers) are used for inverted e..d-m-ﬁ_.ﬂ.-.
and end-to-side anastomoses. These staplers have ¢
detachable head and lay down a circular, dott h’ﬁ
staggered row ol staples. The staples can be yariably 1§ Ii' §
ened (o a closed length of 2.5 to 1 mm rlepcndillﬁ% on
thickness of the tissue. A special circular sl:l]‘l_"f‘_ WS
nondetachable shaft (e.g., PPH) is used to eXCIs€ Pq','
lapsed rectal mucosa at the top of the anal canal 88 .
treatment for prolapsing hemorrhoids.

[EEAL
yemof




= - L el 8 D W A

Suturing, Stapling, and Tissue Adhesives CHAPTER 73 925

FIGURE 73-8 Example of a side-to-side, functional end-to-end stapled intestinal anastomosis. When closing the common enterotomy,
care must be taken to stagger the anterior and posterior staple lines. (From Chassin JL, Rifkind KM, Turner JW: Errors and pitfalls in
stapling gastrointestinal tract anastomoses. Surg Clin North Am 64:447, 1984.)

TECHNIQUES AND PITFALLS
IN SURGICAL STAPLING

Functional End-to-End Anastomosis

A functional end-to-end anastomosis (Figure 73-8), first
described in the 1960s, involves apposing the antimesen-
teric surfaces of two segments of bowel and placing one
arm of the GIA stapler in each lumen and firing the
stapler to create a common lumen.'® The lumen is exam-
ined and the staple line is checked for hemostasis; bleed-
ing points along the staple line in the lumen may be
controlled with fine suture. Application of cautery on the
staple lines should be discouraged because the current
is transmitted along the length of the staple line and thus
can harm otherwise healthy tissue. The common enter-
btomy is grasped, full thickness, at its edges with Allis
clamps to ensure that the serosa and muscularis do not

slip under the staple after the stapler is approximated. A

single firing of the TA stapler is used to close the common
tnterotomy. Before firing the TA across the common
énterotomy, an important technical point is to ensure
that the anterior termination and posterior termination
of the GIA staple line are staggered to avoid the crossing
of three staple lines.'” When multiple staple lines cross
it the same point, the staples may not close properly,
Which could lead to anastomotic leakage (see Figure
738). The staple line that closes this common enterot-
Omy is actually an everting one and may thus predispose
10 the formation of adhesions. This may be addressed by
Placing seromuscular sutures to cover the staple line.
I"\“-l‘-l‘ll:-lli\-‘(']}-‘, the common enterotomy may be closed in
AN inverting two-layer hand-sewn fashion.

~ Hocking et al demonstrated in a canine model that
feation of a functional end-to-end anastomosis alters

Sall bowel motility to a greater degree than an end-to-
N anastomosis and that this may predispose to bacte-

Ml overgrowth.™ Even 2 years after surgery, only 50%
Of the myoelectrical impulses crossed the functional end-
'0-end anastomosis. Case reports have also shown that

this dysmotility and bacterial overgrowth can lead to
massive luminal dilation and subsequent volvulus.

Stapled End-to-End Anastomosis

This type of anastomosis is performed with a circular
stapler (e.g., EEA) and is commonly used for the cre-
ation of a coloproctostomy, but is also used for gastroen-
terostomies and esophagogastrostomies. In the case of a
colorectal anastomosis, the proximal end of the two ends
to be anastomosed is opened and EEA sizers are placed
into the lumen to assess the size of the stapler to be used.
Optimal size for these anastomoses should be either 29
or 31 mm; using a smaller size may predispose to anasto-
motic stricture. Care should be taken to avoid creating
serosal or muscular tears in the colon. Relaxation of the
smooth muscle may be attained by administering intra-
venous glucagon, 1 mg, to prevent these tears. The anvil
for the EEA is then placed into the open end of the
colon and a monofilament purse-string suture is placed
around the rod of the anvil and tied tightly around the
rod. Alternatively, an automatic purse-string device may
be used, although this may not consistently include the
full thickness of the bowel end. Specialized clamps that
allow for manual passage of a straight needle through
the full thickness of the bowel wall resolve this issue. If
there are any gaps in the purse-string suture, the staple
line might be incomplete and a leak could ensue. A mat-
tress suture may be placed around the rod to reinforce
the purse-string suture. Care must be taken to dissect
free any fat that may be incorporated into the staple
lines because this may predispose the anastomosis to
leakage. The blood supply should also not be too close
to the ends for fear of intraluminal bleeding after the
stapler is fired.

The stapling device is inserted into the rectum trans-
anally. Care must be taken to follow the contour of the
rectum and sacrum to avoid perforating the back wall of
the rectum (Figure 73-9) and to avoid incorporating the
bladder or the vaginal wall in females. At the top of the
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FIGURE 73-9 When passing a circular stapler for a
coloproctostomy, care must be taken to follow the contour of the
rectum and sacrum to avoid inadvertently pushing the stapler
through the back of the rectum. (From Chassin JL, Rifkind KM,
Turner JW: Errors and pitfalls in stapling gastrointestinal tract
anastomoses. Surg Clin North Am 64.451, 1984.)

rectum, the stapler should be positioned so that the pin
of the EEA comes out in the middle of the staple line at
the portion of rectum that has been cleaned rather than
advancing the pin at any other point such as through the
mesorectum. Once the pin is advanced, the anvil and
stapler are engaged and the device is closed tightly.

Hand-Sewn Versus Stapled Bowel Anastomoses

Beart and Kelly randomized 80 patients to hand-sewn
versus stapled coloproctostomies and found no differ-
ences in postoperative complications.?'

In a prospective multicenter randomized study,
Docherty etal compared manually constructed and
stapled colorectal anastomoses in 732 patients.”” Despite
a significant increase in radiologic leak rates in the
sutured group (14% vs. 5%), there was no difference in
clinical anastomotic leak rates, morbidity, and postopera-
tive mortality. Univariate analysis, correcting for tumor
stage, demonstrated that the rate of tumor recurrence
and cancerspecific mortality was higher in the sutured
patients (7.5% and 6.5%, respectively) and in patients
with anastomotic leaks.

A metaanalysis of 13 studies that examined manual
versus stapled colon and rectal anastomoses found no
differences in leak rate, morbidity, mortality, and cancer
recurrence. It did, however, demonstrate a higher rate of
intraoperative technical problems and a higher rate of
anastomotic strictures after stapled anastomoses.” This
higher rate of stricture in stapled anastomoses is coun-
terintuitive based on the fact that in animal models, the
blood flow rate through stapled anastomoses is signifi-
cantly higher than the flow rate through the standard
two-layer or Gambee anastomoses.**

Another observation in experimental animals is that
stapled anastomoses tend to heal by secondary intention
as compared with hand-sewn anastomoses which heal by
primary intention.” This is most noticeable in the func-
tional end-to-end type. Leakage from this anastomosis
tends to take place at its closure with the TA stapler and
often occurs weeks after being created rather than in the

typical first week. During reoperation, the ﬂmm“'““‘iis )

found to be attached by the everted TA line 1o SOME e
. .'awl.l

surfaces ol the laparotomy.

Microsurgical Anastomosis

A new area of research is that of microsurgical ANASLOI 0
sis. This type of anastomosis would most closely “P[er 0~
mate an exact end-to-end anastomosis. iy etxali
hypothesized that by utilizing very fine filament SUtlrG
material while operating under a microscope, the my {:i

electric propagation across transected bowel woy]q bt
improved as compared to a standard two-layer 1ln'.|s|nm:_
sis. In an experimental animal model, they in(]eedﬂ
showed that propagation of pacesetter potentialg Wik
restored across a microsurgical anastomosis by llii'JL‘-
across a conventional one.* '
There have not yet been any studies Cvzllunl.ing this
method in humans, but it does merit further examjp,.
tion as this type of anastomosis may greatly diminjgh,
posttransection bowel dysmotility and subsequent hagje.
rial overgrowth. ’

TISSUE ADHESIVES !

—
Ever since the first use of fibrin powder for hemosiasiy
in 1909, the utility of fibrin and fibrin glue products 15
rapidly increased in a wide spectrum ol different aregs
of surgery.?”*® Although more commonly used for hemg:
stasis, skin grafting, bone sealing, and other straightfor
ward tissue repairs, its use in the formation of sutureless:
anastomoses or in the reinforcement of bowel anastomao:
ses is controversial.

Fibrin glue promotes the coagulation of blood by
accelerating the conversion of fibrinogen to fibrin. It is:
generally packaged as two separate vials that need to be
mixed immediately before use. The first vial usually coul=
tains fibrinogen, factor VIII, and plasma proteins. The
second usually contains thrombin, calcium chloride, and
aprotinin. As the two components are mixed, factor VIII
is activated and fibrin is subsequently crosslinked which
results in the hemostatic effect and more importantly has:
effects of varying degree on wound-breaking strength
and tissue adhesion.

Data on fibrin glue reinforcement of surgical anasto=
moses are inconsistent but suggest a detrimental el'leng'
on bowel anastomoses. In a rat model of intestinal ands
tomosis, sutureless anastomoses performed with ﬁhl‘i?_._
glue were associated with a higher leak rate than [l‘ifl.d'“l'.'
tional sutured anastomoses. Furthermore, the burstilg
pressure of the fibrin glue anastomoses, when compares
with sutured anastomoses, was lower at 4 and 7 diﬁ
postoperatively, which is the critical period in intesti
healing and is also the period associated with ﬂ”"‘sm}'
motic leakage.”

Reinforcement of intestinal anastomoses wit
sealant also has a detrimental effect on ;m;].«it.tml‘-l‘_ a{
strength. Van der Ham demonstrated in a rat model Lié
reinforcement of the suture lines in intestinal anastofme
ses had a detrimental effect on anastomotic _.;“1,:_133' =
bursting pressure, and hydroxyproline content. _Ilh
these anastomoses were hoth physiologically and hio i
cally inferior.®** These results were duplicated by BYFE

b il
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who showed quite clearly not only the negative effects on
pursting pressure, but also impressive rates of perianas-
omotic adhesions, toxic sepsis, and death in rats.*
Microscopically, there is an intense perianastomotic
inflammatory reaction, and levels of hydroxyproline and
subsequently collagen are significantly lower in the fibrin

b5 g N .
e anastomoses."™ More importantly, high levels of
g I y, hig

fibrin have been found to inhibit macrophage migra-
gon.” Fibrin has also been shown to predispose to resid-
ual abscess formation in rat peritonitis models. Fibrin
inhibits neutrophil phagocytosis of radiolabeled bacteria
through a reversible but dose-dependent mechanism.*
Thus, fibrin not only acts as an inhibitor to macrophage
migration but also inhibits neutrophil function and
thus can be a potential nidus for bacterial infection.
In conclusion, the routine use of tissue adhesives for
the reinforcement of bowel anastomoses cannot be
recommended.

ADHESION BARRIERS

J'or countless years, there has been a search for an effec-
tive barrier to adhesion formation. The problem is that
the properties that make an effective barrier will also
detrimentally affect a newly created anastomosis. Hyal-
uronic acid-based absorbable films and meshes have
been developed and are the most commonly used materi-
als for adhesion prevention. These membranes mechani-
cally separate adhesiogenic tissue while normal healing
takes place. After a few days, the membrane becomes a
hydrated gel that absorbs over the course of a week. It
has been postulated that hyaluronic acid enhances peri-
toneal fibrinolysis but this has not been conclusively
proven.

An aftermarket study of Seprafilm, a hyaluronic acid-
based film, showed that wrapping the suture or staple
line of a fresh anastomosis should be avoided because it
increased the risk of anastomotic leak.”

BIOFRAGMENTABLE ANASTOMOSIS RING

In 1985, Thomas G. Hardy, Jr. described a biofrag-
mentable anastomosis ring (Valtrac) intended to facili-
late sutureless intestinal anastomosis.”® The device
onsists of two identical circular rings composed of
Dexon and 12% barium sulfate. Prolene sutures are used
lo create purse-string stitches at the two cut ends of the
bowel, and the sutures are tightened around the rings
dfter the rings are placed inside the bowel lumens (Figure
73-10). The device is closed by applying pressure to both
Sides of the anastomosis. The device is broken down and
Passed in stool at some later time.

Hardy et al validated the feasibility and safety of this
levice in a dog model.*® The safety and efficacy of the
:‘{Flh.r;-u- device for human use was examined in a prospec-
live, randomized, multicenter clinical study. The patients
Were randomized to sutured or stapled intestinal anasto-
Moses versus use of the biofragmentable anastomotic
'g. No difference was found in the postoperative com-
Plications of anastomotic leak, fistula, hemorrhage,
Wound infection, . ileus, or small bowel obstruction
Yetween groups. There was no advantage or difference

FIGURE 73-10 Example of the biofragmentable anastomosis ring.
(From Di Castro A, Biancari A, Brocato R, et al: Intestinal
anastomosis with the biofragmentable anastomosis ring. Am J
Surg 176:473, 1998.)

in length of stay, diet, or return to bowel function.”

Therefore, the biofragmentable anastomosis ring was
found to be at least as efficacious as traditional sutured
or stapled anastomoses.

CONCLUSION

At the present time it is not possible to categorically state
what the ideal method of intestinal anastomosis is for
every patient. Therefore, it is up to the surgeon to decide
in the course of an operation which method is most
appropriate. Although much of this decision-making
process is based on well-established scientific principles,
part of the decision is also based on the surgeon’s skill
and experience. Our current inability to scientifically test
these factors places them in the realm of art. As in many
other biologic processes, further technologic progress
will enable us to apply scientific principles even to what
is now considered the art of surgery.
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