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Wound Healing

Wound Closure Manual

This manual has been prepared for the medical
professional who would like to learn more about the
practice of surgery -- the dynamics of tissue healing, the
principles of wound closure, and the materials available
to today's practitioners. Most important, it touches upon
some of the critical decisions which must be made on a
daily basis to help ensure proper wound closure.

At ETHICON, Inc. we have the utmost respect for the
life-saving work of surgical practitioners everywhere --
in major medical centers and in small hospitals and
clinics alike -- and we take great pride in assisting them.
We hope that this manual will answer many of your
questions. But, above all, we hope that it reflects our high
regard for the men and women who have chosen the
medical profession as a career.







The Wound

On a playground, a 6-year-old boy has fallen on a jagged rock and torn his knee. It will require 10 stitches to close
the laceration.

In an operating room, a surgeon has made a precise incision on the abdomen of a 70-year-old woman with cancer.
As disparate as these two scenes may seem on the surface, the boy and the woman share a common experience.
They have both sustained wounds that must be mended.

Whether inflicted by chance, or sustained during a surgical procedure, every wound is simply a disruption of the
normal continuity of tissue. When tissue has been disrupted so severely that it cannot heal naturally (without
complications or possible disfiguration) it must be held in apposition until the healing process provides the wound
with sufficient strength to withstand stress without mechanical support. A wound may be approximated with sutures,
staples, clips, skin closure strips, or topical adhesives.

Tissue may be defined as a group or layer of similarly specialized cells which, together, perform specialized
functions®. The various kinds of tissue throughout the body have different inherent properties which determine their
functions, as well as their strength and resistance to tearing. The choice of wound closure materials and the
techniques of using them are prime factors in the restoration of continuity and tensile strength to the injured tissues
during the healing process.

The parameters for measuring the strength of normal body tissue are:

« TENSILE STRENGTH--The load per cross-sectional area unit at the point of rupture
relating to the nature of the material rather than its thickness.

+ BREAKING STRENGTH--The load required to break a wound regardless of its
dimension?, the more clinically significant measurement.

+  BURST STRENGTH--The amount of pressure needed to rupture a viscus, or large
interior organ.

The rate at which wounds regain strength during the wound healing process must be understood as a basis for
selecting the most appropriate wound closure material.



Wound Healing
Wound Healing

In response to injury of any kind, including surgical incision, natural defense mechanisms immediately come into
play to restore the integrity and strength of the tissue involved. During the first few days, an inflammatory response
causes an outpouring of tissue fluids, an accumulation of cells and fibroblasts, and an increased blood supply to the
wound. Leukocytes and other cells produce proteolytic enzymes which dissolve and remove damaged tissue debris.
After the debridement process is well along, fibroblasts begin to form collagen fibers in the wound. Collagen, a
protein substance, is the chief constituent of connective tissue. Collagen fiber formation determines the tensile
strength and pliability of the healing wound.

In time, sufficient collagen is laid down across the wound so that it can withstand normal stress. The length of this
phase varies with the type of tissue involved and the stresses or tension placed upon the wound during this period.
Tensile strength affects the tissue's ability to withstand injury but is not related to the length of time it takes the
tissue to heal. While skin and fascia (the layer of firm connective tissue covering muscle) are the strongest tissues in
the body, they regain tensile strength slowly during the healing process. The stomach and small intestine, on the
other hand, are composed of much weaker tissue but heal rapidly. Variations in tissue strength may also be found
within the same organ. Within the colon, for example, the sigmoid region is approximately twice as strong as the
cecum--but both sections heal at the same rate.

Factors that affect tissue strength include the size, age, and weight of the patient, the thickness of tissue, the presence
of edema, and induration (the degree to which the tissue has hardened in response to pressure or injury).
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Patient Factors That Affect Wound Healing

The patient's overall health status will affect the speed of the healing process. The following are factors that should
be considered by the surgical team prior to and during the procedure.

THE PATIENT'S AGE--With aging, both skin and muscle tissue lose their tone and
elasticity. Metabolism also slows, and circulation may be impaired. All of these factors
lengthen healing time.

THE PATIENT'S WEIGHT--In obese patients of any age, excess fat at the wound site
may prevent securing a good closure. In addition, fat does not have a rich blood supply,
making it the most vulnerable of all tissues to trauma and infection.

THE PATIENT'S NUTRITIONAL STATUS--Deficiencies in carbohydrates, proteins,
zinc, and vitamins A, B, and C can impair the healing process. Adequate nutrition is
essential to support cellular activity and collagen synthesis at the wound site.

DEHYDRATION--If the patient's system has been depleted of fluids, the resulting
electrolyte imbalance can affect cardiac function, kidney function, cellular metabolism,
oxygenation of the blood, and hormonal function. These effects will not only impact
upon the patient's overall health status and recovery from surgery but may also impair the
healing process.

INADEQUATE BLOOD SUPPLY TO THE WOUND SITE--Oxygen is necessary for
cell survival and, therefore, healing. Skin healing takes place most rapidly in the face and
neck, which receive the greatest blood supply, and most slowly in the extremities. The
presence of any condition that compromises the supply of blood to the wound, such as
poor circulation to the limbs in a diabetic patient, will slow and can even arrest the
healing process.

THE PATIENT'S IMMUNE RESPONSES--Because the immune response protects the
patient from infection, immunodeficiencies may seriously compromise the outcome of a
surgical procedure. Patients infected with HIV, as well as those who have recently
undergone chemotherapy or who have taken prolonged high dosages of catabolic
steroids, may have debilitated immune systems.

Some patients have allergies to specific suturing materials, metal alloys, or latex. These,
on the other hand, will cause a heightened immune response in the form of an allergic
reaction. This may also interfere with the healing process. Therefore, the surgeon should
always check beforehand on a patient's allergies.

THE PRESENCE OF CHRONIC DISEASE--A patient whose system has already
been stressed by chronic illness, especially endocrine disorders, diabetes, malignancies,
localized infection, or debilitating injuries will heal more slowly and will be more
vulnerable to postsurgical wound complications. All of these conditions merit concern,
and the surgeon must consider their effects upon the tissues at the wound site, as well as
their potential impact upon the patient's overall recovery from the procedure.
Malignancies, in addition, may alter the cellular structure of tissue and influence the
surgeon's choice of methods and closure materials.

RADIATION THERAPY --Radiation therapy to the surgical site prior to or shortly after
surgery can produce considerable impairment of healing and lead to substantial wound



complications. Surgical procedures for malignancies must be planned to minimize the
potential for these problems.



Surgical Principles

Many factors that affect the healing process can be controlled by the surgical team in the operating room, by the
obstetrical team in labor and delivery, or by the emergency team in the trauma center. Their first priority is to
maintain a sterile and aseptic technique to prevent infection. While organisms found within a patient's own body
frequently cause postoperative infection, microorganisms carried by medical personnel also pose a threat. Whatever
the source, infection will deter healing. In addition to concerns about sterility, the following must be taken into
consideration when planning and carrying out an operative procedure.

1. THE LENGTH AND DIRECTION OF THE INCISION--A properly planned incision
is just long enough to afford sufficient operating space and optimum exposure. When
deciding upon the direction of the incision, the surgeon must bear the following in mind:

« The direction in which wounds naturally heal is from side-to-side, not end-to-end.

« The arrangement of tissue fibers in the area to be dissected will vary with tissue
type.

« The best cosmetic results may be achieved when incisions are made parallel to the
direction of the tissue fibers. Results may vary depending upon the tissue layer
involved.

DISSECTION TECHNIQUE--When dissecting tissue, a clean incision should be made through the skin with one
stroke of evenly applied pressure on the scalpel. Sharp dissection should be used to cut through remaining tissues.
The surgeon must preserve the integrity of as many of the underlying nerves, blood vessels, and muscles as possible.
TISSUE HANDL ING--Keeping tissue trauma to a minimum promotes faster healing. Throughout the operative
procedure, the surgeon must handle all tissues very gently--and as little as possible. Retractors should be placed with
care to avoid excessive pressure, since tension can cause serious complications: impaired blood and lymph flow,
altering of the local physiological state of the wound, and predisposing to microbial colonization.

2. HEMOSTASIS--Various mechanical, thermal, and chemical methods are available to
decrease the flow of blood and fluid into the wound site. Hemostasis allows the surgeon
to work in as clear a field as possible with greater accuracy. Without adequate control,
bleeding from transected or penetrated vessels or diffuse oozing on large denuded
surfaces may interfere with the surgeon's view of underlying structures.

Achieving complete hemostasis before wound closure will also prevent formation of postoperative hematomas.
Collections of blood (hematomas) or fluid (seromas) in the incision can prevent the direct apposition of tissue
needed for complete union of wound edges. Furthermore, these collections provide an ideal culture medium for
microbial growth and can lead to serious infection.

When clamping or ligating a vessel or tissue, care must be taken to avoid excessive tissue damage. Mass ligation
that involves large areas of tissue may produce necrosis, or tissue death, and prolong healing time.
MAINTAINING MOISTURE IN TISSUES--During long procedures, the surgeon may periodically irrigate the
wound with warm physiologic (normal) saline solution, or cover exposed surfaces with saline-moistened sponges or
laparotomy tapes to prevent tissues from drying out.

REMOVAL OF NECROTIC TISSUE AND FOREIGN MATERIALS--Adequate debridement of all devitalized
tissue and removal of inflicted foreign materials are essential to healing, especially in traumatic wounds. The
presence of fragments of dirt, metal, glass, etc., increases the probability of infection.

CHOICE OF CLOSURE MATERIALS--The surgeon must evaluate each case individually, and choose closure
material which will maximize the opportunity for healing and minimize the likelihood of infection. The proper
closure material will allow the surgeon to approximate tissue with as little trauma as possible, and with enough
precision to eliminate dead space. The surgeon's personal preference will play a large role in the choice of closure
material; but the location of the wound, the arrangement of tissue fibers, and patient factors influence his or her
decision as well.

CELLULAR RESPONSE TO CLOSURE MATERIALS--Whenever foreign materials such as sutures are
implanted in tissue, the tissue reacts. This reaction will range from minimal to moderate, depending upon the type of
material implanted. The reaction will be more marked if complicated by infection, allergy, or trauma.



Initially, the tissue will deflect the passage of the surgeon's needle and suture. Once the sutures have been implanted,
edema of the skin and subcutaneous tissues will ensue. This can cause significant patient discomfort during
recovery, as well as scarring secondary to ischemic necrosis. The surgeon must take these factors into consideration
when placing tension upon the closure material.

ELIMINATION OF DEAD SPACE IN THE WOUND--This is critical to healing! Dead space in a wound results
from separation of wound edges which have not been closely approximated, or from air trapped between layers of
tissue. This is especially true in the fatty layer which tends to lack blood supply. Serum or blood may collect,
providing an ideal medium for the growth of microorganisms that cause infection. The surgeon may insert a drain or
apply a pressure dressing to help eliminate dead space in the wound postoperatively.
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CLOSING WITH SUFFICIENT TENSION--While enough tension must be applied to approximate tissue and
eliminate dead space, the sutures must be loose enough to prevent exaggerated patient discomfort, ischemia, and
tissue necrosis during healing.

STRESS PLACED UPON THE WOUND AFTER SURGERY--The patient's postoperative activity can place
undue stress upon a healing incision. Abdominal fascia will be placed under excessive tension after surgery if the
patient strains to cough, vomit, void, or defecate. The tendons and the extremities may also be subjected to excessive
tension during healing. The surgeon must be certain that the approximated wound is adequately immobilized to
prevent suture disruption for a sufficient period of time after surgery.

IMMOBILIZATION OF THE WOUND--Adequate immobilization of the approximated wound, but not
necessarily of the entire anatomic part, is mandatory after surgery for efficient healing and minimal scar formation.

Classifications of Wounds

Based upon a clinical estimation of microbial contamination and the risk of subsequent infection,? operative wounds
fall into four categories: clean; clean-contaminated; contaminated; and dirty and infected. A discussion of each
follows.

Seventy-five percent of all wounds (which are usually elective surgical incisions) fall into the clean wounds
category. No break in aseptic technique occurs during the procedure and the surgeon does not enter the
oropharyngeal cavity, or the respiratory, alimentary, or genitourinary tracts. These elective incisions are made under
sterile conditions and are not predisposed to infection. Inflammation is a natural part of the healing process and
should be differentiated from infection in which bacteria are present and produce damage.



Clean wounds are closed by primary union and are not usually drained. Primary union is the most desirable method
of closure, involving the simplest surgical procedures and the lowest risk of postoperative complications. Apposition
of tissue is maintained until wound tensile strength is sufficient so that sutures or other forms of tissue apposition are
no longer needed.

Clean-contaminated wounds have usual, normal flora without unusual contamination such as frank pus or foreign
bodies. Appendectomies and vaginal operations fall into this category, as well as normally clean wounds which
become contaminated by entry into a viscus resulting in minimal spillage of contents. The surgeon may enter any
part of the oropharyngeal cavity, or the respiratory or alimentary tracts (as long as no significant spillage occurs).
When the genitourinary or biliary tracts are entered and there is no contamination from infected urine or bile, these
are considered clean-contaminated wounds.

Contaminated wounds include fresh traumatic injuries such as soft tissue lacerations, open fractures, and penetrating
wounds; operative procedures in which gross spillage from the gastrointestinal tract occurs; genitourinary or biliary
tract procedures in the presence of infected urine or bile; and operations in which a major break in aseptic technique
has occurred (as in emergency open cardiac massage). Microorganisms multiply so rapidly that within 6 hours a
contaminated wound can become infected.

Dirty and infected wounds have been heavily contaminated or clinically infected prior to the operation. They include
perforated viscera, abscesses, or old traumatic wounds in which devitalized tissue or foreign material have been
retainad. Infection present at the time of surgery can increase the infection rate of any wound by an average of four
times.



Types of Wound Healing
Types of Wound Healing

The rate and pattern of healing falls into three categories, depending upon the type of tissue involved and the
circumstances surrounding closure. Timeframes are generalized for well-perfused healthy soft tissues, but may vary.



Healing By First Intention

Every surgeon who closes a wound would like it to heal by primary union or first intention, with minimal edema and
no local infection or serious discharge. An incision that heals by first intention does so in a minimum of time, with
no separation of the wound edges, and with minimal scar formation. This takes place in three distinct phases:

+ PHASE I: INFLAMMATORY RESPONSE (DAY 1 TO DAY 5)
Fluids containing plasma proteins, blood cells, fibrin, and antibodies flow into the wound.
A scab forms on the surface to seal in the healing fluids and prevent microbial invasion.
The wound is generally sealed within the first 24 hours.
Inflammation, which results from leukocyte migration to the area, occurs within a few hours causing localized
edema, pain, fever, and redness around the wound site. This should not be mistaken for infection. Leukocytes break
down and remove cellular debris. They also ingest microorganisms and foreign material. Monocytes, which
subsequently reach the site from more distant bone marrow, become macrophages, producing proteolytic enzymes
and ingesting the remaining debris. Finally, basal cells from skin edges migrate over the incision to close the surface
of the wound. Simultaneously, fibroblasts located in deeper connective tissue begin reconstruction of nonepithelial

tissue.
During the acute inflammatory phase, the tissue does not gain appreciable tensile strength, but depends solely upon
the closure material to hold it in approximation.

«  PHASE II: MIGRATION/ PROLIFERATION (DAY 5 TO DAY 14)

During the first or second week after surgery, fibroblasts (fibrous tissue germ cells)
migrate toward the wound site. With enzymes released from the blood and cells in the
surrounding tissue, fibroblasts form collagen and ground substance (fibrin, fibronectin).
These substances adhere fibroblasts to the substratum. The fibroblasts contain
myofibroblasts which have smooth muscle characteristics that contribute to wound
contraction. Collagen deposition begins at approximately the fifth day and rapidly
increases the tensile strength of the wound.

The plasma proteins support cellular activities essential to the synthesis of fibrous tissue during this stage of healing.

In addition to collagen synthesis, other damaged components of connective tissue are replaced. The lymphatics

recanalize, the blood vessels form buds, granulation tissue forms, and numerous capillaries develop to nourish the
fibroblasts. Many of these disappear during the final stage of healing.

« PHASE I1I: MATURATION/ REMODELING (DAY 14 THROUGH COMPLETE
HEALING)
There is no sharp distinction between Phase Il and Phase I11. Healing begins rapidly
during Phase Il, then diminishes progressively. Tensile strength continues to increase up
to 1 year postoperatively. Skin only regains 70% to 90% of its original tensile strength,
whereas the intestines may regain 100% of original strength within just 1 week.> Collagen
content remains constant, but tensile strength increases from the formation and cross-
linking of collagen fibers. The deposition of fibrous connective tissue results in scar
formation. In normal healing, wound contraction occurs over a period of weeks and
months. As collagen density increases, the formation of new blood vessels decreases and
the scar tissue grows pale.
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Healing by Second Intention

When the wound fails to heal by primary union, a more complicated and prolonged healing process takes place.
Healing by second intention is caused by infection, excessive trauma, tissue loss, or imprecise approximation of
tissue.

In this case, the wound may be left open and allowed to heal from the inner layer to the outer surface. Granulation
tissue forms and contains myofibroblasts. These specialized cells help to close the wound by contraction. This
process is much slower than first intention healing. Excessive granulation tissue may build up and require treatment
if it protrudes above the surface of the wound, preventing epithelialization.



Healing by Third Intention

Also referred to as delayed primary closure, healing by third intention occurs when two surfaces of granulation
tissue are brought together. This is a safe method of repair for contaminated, as well as dirty and infected traumatic
wounds with extensive tissue loss and a high risk of infection. This method has been used extensively in the military
arena and has proven successful following excessive trauma related to motor vehicle accidents, shooting incidents,
or infliction of deep, penetrating knife wounds.

The surgeon usually treats these injuries by debridement of nonviable tissues, and leaves them open. The healing
open wound gradually gains sufficient resistance to infection which permits an uncomplicated closure. Usually, this
takes place 4 to 6 days postinjury.

This process is characterized by the development of capillary buds and granulation tissue. When closure is
undertaken, skin edges and underlying tissue must be accurately and securely approximated.



Complications in Wound Healing

Whenever the integrity of tissue is disrupted by accident or dissection, the patient becomes vulnerable to infection
and complications. Even though the surgical team may scrupulously adhere to proper procedure, complications still
occur in some patients, delaying recovery. The two major problems the surgeon may encounter are infection and
wound disruption.

Infection continues to be one of the most serious complications affecting surgical patients.® An infection arises from
the introduction of virulent organisms into a susceptible wound. If left untreated, prolonged illness, gangrene, or
even death may result.

Postoperative infections may be classified according to the source of infection as well as the anatomical and
pathophysiological changes that occur. The key to effective treatment is rapid identification of the responsible
pathogens. A considerable number of infections are of mixed bacterial origin. As soon as an infection is apparent,
treatment must be initiated. Direct wound treatment may consist of incision and drainage or debridement of necrotic
tissue. A course of antibiotic treatment must be initiated immediately for cellulitis and fascitis. A specimen of
purulent drainage or tissue for culture is sent prior to the institution of antibiotic therapy. It is seldom possible to
wait for culture and sensitivity results prior to the start of antibiotics, and empirical therapy based on suspected
sensitivity may be used. Superficial wounds often do not require incision and drainage or debridement.

Fungal and viral infections may also occur. Their incidence has steadily increased with the clinical administration of
steroids, immunosuppressive agents, and multiple antibiotic agents.

Wound disruption, or dehiscence, is most often seen in older or debilitated patients, but may occur at any age. It
seems to affect male patients more often than female patients and most commonly occurs between the fifth and
twelfth postoperative days.

The term dehiscence means "a splitting open." Wound dehiscence is partial or total separation of layers of tissue
after closure. Dehiscence may result from too much tension placed upon the newly sutured tissue, from improper
suturing technique, or from the use of inappropriate suture materials. In a great majority of instances, the cause is
tissue failure rather than suture failure. When dehiscence occurs, the wound may or may not be reclosed, depending
upon the extent of the disruption and the surgeon's assessment.

There is no difference in the dehiscence rate of vertical versus transverse incisions.” The highest incidence occurs
following gastric, biliary tract, and intra-abdominal cancer surgery. While cancer does not predispose to wound
disruption, it may cause debility and hypoproteinemia, which contribute to impaired healing and subsequent
disruption.

Evisceration indicates protrusion of the bowel through the separated edges of an abdominal wound closure.
Distention, nausea, and coughing after surgery increase abdominal pressure and, in turn, increase tension on the
wound. These are the major causes of evisceration. This is an emergency situation. The surgeon must replace the
bowel and reclose the wound without delay when this occurs.



In The Next Section

The materials, devices, and techniques used to repair wounded tissue will be discussed at length. As you will see, the
number of options available is extensive. But no matter how may choices the surgeon has, his or her objective
remains singular: to restore the patient to health with as little operative trauma as possible.
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The Suture

What is a Suture?

The word "suture™ describes any strand of material used to ligate (tie) blood vessels or approximate (bring close
together) tissues. As far back as 2,000 B.C., written references have been found describing the use of strings and
animal sinews for suturing. Through the centuries, a wide variety of materials--silk, linen, cotton, horsehair, animal
tendons and intestines, and wire made of precious metals--have been used in operative procedures. Some of these
are still in use today.

The evolution of suturing material has brought us to a point of refinement that includes sutures designed for specific
surgical procedures. They not only eliminate some of the difficulties the surgeon may have previously encountered
during closure but decrease the potential for infection postoperatively.

Despite the sophistication of today's suture materials and surgical techniques, closing a wound still involves the
same basic procedure used by physicians to the Roman emperors. The surgeon still uses a surgical needle to
penetrate tissue and advance a suture strand to its desired location.

Successful use of suture materials depends upon the cooperation of the suture manufacturer and the surgical team.
The manufacturer must have a thorough knowledge of surgical procedures, anticipate the surgical team's needs, and
produce suture materials that meet these stringent criteria:

«  They must have the greatest tensile strength consistent with size limitations.

« They must be easy to handle and meet a minimum of resistance when introduced into
tissue.

«  They must be secured in packaging which presents them sterile for use, in excellent
condition, and ensures the safety of each member of the surgical team.

The nurse must maintain the sterility of sutures when storing, handling, and preparing them for use. The integrity
and strength of each strand must remain intact until it is in the surgeon's hands.
The surgeon must select suture materials appropriate for the procedure and must place them in the tissues in a
manner consistent with the principles that promote wound healing.
With the manufacturer and surgical team working in concert, the patient reaps the final benefit...the wound is closed
in a manner that promotes optimum healing in minimum time.

Personal Suture Preference

Most surgeons have a basic "suture routine," a preference for using the same material(s) unless circumstances dictate
otherwise. The surgeon acquires skill, proficiency, and speed in handling by using one suture material repeatedly--
and may choose the same material throughout his or her entire career. A number of factors may influence the choice
of materials:

« His or her area of specialization.

«  Wound closure experience during clinical training.

« Professional experience in the operating room.

« Knowledge of the healing characteristics of tissues and organs.

« Knowledge of the physical and biological characteristics of various suture materials.

» Patient factors (age, weight, overall health status, and the presence of infection).

Surgical specialty plays a primary role in determining suture preference. For example, obstetrician/gynecologists
frequently prefer Coated VICRYL RAPIDE (polyglactin 910) suture for episiotomy repair and Coated VICRYL
(polyglactin 910) suture and MONOCRYL (poliglecaprone 25) suture for all tissue layers except, possibly, skin.
Most orthopaedic surgeons use Coated VICRYL suture, PDS Il (polydioxanone) suture, and ETHIBOND EXCEL



polyester suture. Many plastic surgeons prefer ETHILON nylon suture, VICRYL suture, or MONOCRY'L suture.
Many neurosurgeons prefer Coated VICRYL suture or NUROLON braided nylon suture. But no single suture
material is used by every surgeon who practices within a specialty.

The surgeon’s knowledge of the physical characteristics of suture material is important. Because the requirements
for wound support vary with patient factors, the nature of the procedure, and the type of tissue involved, the surgeon
will select suture material that will retain its strength until the wound heals sufficiently to withstand stress on its
own.

The surgeon knows that the nature of suture material may elicit biological responses during the first post-operative
week. While most suture materials will cause a mild reaction, synthetic materials tend to be less reactive than natural
fibers. In addition, some suture materials become more inert--or less reactive--than others in the later phases of
healing.



Suture Characteristics

Suture Characteristics

If an ideal suture material could be created, it would be:

Sterile.

Nonelectrolytic, noncapillary, nonallergenic, and noncarcinogenic.
Nonferromagnetic, as is the case with stainless steel sutures.

Easy to handle.

Minimally reactive in tissue and not predisposed to bacterial growth.

Capable of holding tissue layers throughout the critical wound healing period securely
when knotted without fraying or cutting.

Resistant to shrinking in tissues.

Absorbed completely with minimal tissue reaction after serving its purpose.

However, because the ideal all-purpose suture does not yet exist, the surgeon must select a suture that is at least as
close to the ideal as possible and maintains the following suture qualities:

1.
2.
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High uniform tensile strength, permitting use of finer sizes.

High tensile strength retention in vivo, holding the wound securely throughout the critical
healing period, followed by rapid absorption.

Consistent uniform diameter.

Sterile.

Pliable for ease of handling and knot security.

Freedom from irritating substances or impurities for optimum tissue acceptance.

Predictable performance.



Size and Tensile Strength

Size denotes the diameter of the suture material. The accepted surgical practice is to use the smallest diameter suture
that will adequately hold the mending wounded tissue.This practice minimizes trauma as the suture is passed
through the tissue to effect closure. It also ensures that the minimum mass of foreign material is left in the body.
Suture size is stated numerically; as the number of 0's in the suture size increases, the diameter of the strand
decreases. For example, size 5-0, or 00000, is smaller in diameter than size 4-0, or 0000. The smaller the size, the
less tensile strength the suture will have.

Knot tensile strength is measured by the force, in pounds, which the suture strand can withstand before it breaks
when knotted. The tensile strength of the tissue to be mended (its ability to withstand stress) determines the size and
tensile strength of the suturing material the surgeon selects. The accepted rule is that the tensile strength of the
suture need never exceed the tensile strength of the tissue. However, sutures should be at least as strong as normal
tissue through which they are being placed. If the tissue reduces suture strength over time, the relative rates at which
the suture loses strength and the wound gains strength are important. If the suture biologically alters the healing
process, these changes must also be understood.*



Monofilament vs. Multifiament Strands

Sutures are classified according to the number of strands of which they are comprised. Monofilament sutures are
made of a single strand of material. Because of their simplified structure, they encounter less resistance as they pass
through tissue than multifilament suture material. They also resist harboring organisms which may cause suture line
infection.? These characteristics make monofilament sutures well-suited to vascular surgery. Monofilament sutures
tie down easily. However, because of their construction, extreme care must be taken when handling and tying these
sutures. Crushing or crimping of this suture type can nick or create a weak spot in the strand. This may result in
suture breakage.

Multifilament sutures consist of several filaments, or strands, twisted or braided together. This affords greater tensile
strength, pliability, and flexibility. Multifilament sutures may also be coated to help them pass relatively smoothly
through tissue and enhance handling characteristics. Coated multifilament sutures are well-suited to intestinal
procedures.



Absorbable vs. Nonabsorbable Materials
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Sutures are also classified according to their absorption properties. Absorbable sutures may be used to hold wound
edges in approximation temporarily, until they have healed sufficiently to withstand normal stress. These sutures are
prepared either from the collagen of healthy mammals or from synthetic polymers. Some are absorbed rapidly, while
others are treated or chemically structured to lengthen absorption time. They may also be impregnated or coated
with agents that improve their handling properties, and colored with an FDA-approved dye to increase visibility in
tissue.

SUTURE RAW MATERIAL TABLE 1 |

Surgical Gut Submacosa of sheep intestine or serosa of beef Absorbable Sutures:
Plane intestine Basic Raw Materials
Chromic Notes:

. 1. VICRYL (polyglactin 910)
Fast Absorbing Suture
2. Coated VICRYL

Polyglactin 910 Copolymer of glycolide and lactide with polyglactin gpgyglagtcl?:l%ﬁuélgngE
H H . Cotael
Uncoated, 370 and calcium stearate, if coated (polyglactin 910) Suture

4. MONOCRYL
(poliglecaprone 25) Suture
- - - 5. PDS Il (polydioxanone)
|POIyg|ycoI|c Acid |Homopo|ymer of glycolid Suture

6. PANACRYL Suture

Coatedys

|Po|ig|ecaprone 25, |Copo|ymer of glycolide and epsilon-caprolactone
|POIyg|yconate |Copo|ymer of glycolide and trimethylene carbonate
‘Polydioxanones ‘Polyester of poly (p-dioxanone)

Poly (L-lactide/glycolide)s Copolymer of lactide and glycode with caprolactone

and glycolide coating

Natural absorbable sutures are digested by body enzymes which attack and break down the suture strand. Synthetic
absorbable sutures are hydrolyzed--a process by which water gradually penetrates the suture filaments, causing the
breakdown of the suture's polymer chain. Compared to the enzymatic action of natural absorbables, hydrolyzation
results in a lesser degree of tissue reaction following implantation.

During the first stage of the absorption process, tensile strength diminishes in a gradual, almost linear fashion. This
occurs over the first several weeks post-implantation. The second stage often follows with considerable overlap,
characterized by loss of suture mass. Both stages exhibit leukocytic cellular responses which serve to remove
cellular debris and suture material from the line of tissue approximation.

The loss of tensile strength and the rate of absorption are separate phenomena. A suture can lose tensile strength
rapidly and yet be absorbed slowly--or it can maintain adequate tensile strength through wound healing, followed by
rapid absorption. In any case, the strand is eventually completely dissolved, leaving no detectable traces in tissue.
Table 2 shows in vivo breaking strength retention of synthetic absorbable sutures.
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Coated VICRYL RAPIDE
(polyglactin 910) Suture

Undyed MONOCRYL
(poliglecaprone 25) Suture

Dyed MONOCRYL (poliglecaprone
25) Suture

Coated Vicryl (poliglecaprone 910)
Suture

PDS Il (polydioxanone) Suture

PANACRYL suture

Although they offer many advantages, absorbable sutures also have certain inherent limitations. If a patient has a
fever, infection, or protein deficiency, the suture absorption process may accelerate, causing too rapid a decline in
tensile strength. Absorption may also speed up if the sutures are placed in an area of the body cavity that is moist or
filled with fluid. In addition, if the sutures become wet or moist during handling, prior to being implanted in tissue,
the absorption process may begin prematurely. All of these situations predispose to postoperative complications, as
the suture strand will not maintain adequate strength to withstand stress until the tissues have healed sufficiently.
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Nonabsorbable sutures are those which are not digested by body enzymes or hydrolyzed in body tissue. They may
be used in a variety of applications:

« Exterior skin closure, to be removed after sufficient healing has occurred.
«  Within the body cavity, where they will remain permanently encapsulated in tissue.

+ Patient history of reaction to absorbable sutures, keloidal tendency, or possible tissue
hypertrophy.

 Prosthesis attachment (i.e., defibrillators, pacemakers, drug delivery mechanisms).

Nonabsorbable sutures are composed of single or multiple filaments of metal, synthetic, or organic fibers rendered
into a strand by spinning, twisting, or braiding. Each strand is substantially uniform in diameter throughout its
length, conforming to the United States Pharmacopeia (U.S.P.) limitations for each size. Nonabsorbable sutures have
been classified by the U.S.P. according to their composition. In addition, these sutures may be uncoated or coated,
uncolored, naturally colored, or dyed with an FDA-approved dye to enhance visibility.

SUTURE IRAW MATERIAL ITABLE 3 |

Surgical Silk Raw silk spun by silkworm NonAbsorbable
Sutures:
Basic Raw Materials

Notes:

- - - - 1. ETHILON" Nylon Suture
Stainless Steel Wire Specially Formulated iron- 2. NUROLON® Nylon Suture

chromium-nickel-molybdenum alloy |3. MERSILENE" Polyester
Fiber Suture

|Ny|on1,2 |POIyamide polymer 4. ETHIBOND" EXCEL
" Polyester Suture
Polyester fiber Polymer of polyethylene 5. PROLENE" Polypropylene
Uncoated,; terephthalate (may be coated) Suture .
Coated, 6. PRONOVA

Poly(hexafluoro-propylene-
VDF) Suture

|P0Iypropylene5 |POIymer of propylene

Poly(hexafluoropropylene-VDF)g  |Polymer blend of poly(vinylidene
fluoride) and poly(vinylidene
fluoride-cohexafluoropropylene)

Specific Suturing Materials

Specific Suturing Materials

The materials and products described here embody the most current advances in the manufacture of surgical sutures.
They are grouped as either absorbable or nonabsorbable for easy reference.



Absorbable Sutures

SURGICAL GUT

Absorbable surgical gut is classified as either plain or chromic. Both types consist of processed strands of highly
purified collagen. The percentage of collagen in the suture determines its tensile strength and its ability to be
absorbed by the body without adverse reaction. Noncollagenous material can cause a reaction ranging from irritation
to rejection of the suture. The more pure collagen throughout the length of the strand, the less foreign material there
is introduced into the wound.

ETHICON surgical gut sutures are manufactured from between 97% and 98% pure ribbons of collagen. To meet
U.S.P. Specifications, processed ribbons of the submucosa layer of sheep intestine or the serosa layer of beef
intestine are electronically spun and polished into virtually monofilament strands of various sizes, with minimum
and maximum limits on diameter for each size. The ETHICON exclusive TRU-GAUGING process produces a
uniform diameter to within an accuracy of 0.0002 inch (0.0175mm) along the entire length of every strand,
eliminating high and low spots. High and low spots can cause the suture to fray or chatter when knots are tied down,
resulting in a knot that is not positioned properly or tied securely. Most protein-based absorbable sutures have a
tendency to fray when tied.

TRU-GAUGING ensures that ETHICON surgical gut sutures possess uniform high tensile strength, virtually
eliminating the possibility of fray or breaking. Their unexceeded strength and surface smoothness allow the surgeon
to "snug down" the suture knot to achieve optimum tension.

The rate of absorption of surgical gut is determined by the type of gut being used, the type and condition of the
tissue involved, and the general health status of the patient. Surgical gut may be used in the presence of infection,
although it may be absorbed more rapidly under this condition.

Plain surgical gut is rapidly absorbed. Tensile strength is maintained for only 7 to 10 days postimplantation, and
absorption is complete within 70 days. The surgeon may choose plain gut for use in tissues which heal rapidly and
require minimal support (for example, ligating superficial blood vessels and suturing subcutaneous fatty tissue).
Plain surgical gut can also be specially heat-treated to accelerate tensile strength loss and absorption. This fast
absorbing surgical gut is used primarily for epidermal suturing where sutures are required for only 5 to 7 days.
These sutures have less tensile strength than plain surgical gut of the comparable U.S.P. size. Fast absorbing plain
gut is not to be used internally.

Chromic gut is treated with a chromium salt solution to resist body enzymes, prolonging absorption time over 90
days. The exclusive CHROMICIZING process used by ETHICON thoroughly bathes the pure collagen ribbons in a
buffered chrome tanning solution before spinning into strands. After spinning, the entire cross section of the strand
is evenly chromicized. The process alters the coloration of the surgical gut from yellowish-tan to brown. Chromic
gut sutures minimize tissue irritation, causing less reaction than plain surgical gut during the early stages of wound
healing. Tensile strength may be retained for 10 to 14 days, with some measurable strength remaining for up to 21
days.



Synthetic Absorbable Sutures

Synthetic absorbable sutures were developed in response to problems encountered with natural chromic gut and
natural chromic collagen, specifically, suture antigenicity, tissue reaction, and unpredictable rates of absorption.’
Synthetic absorbables are the sutures of choice for a wide range of applications, from abdominal and chest wound
closure to ophthalmic surgery.*®

VICRYL (POLYGLACTIN 910) SUTURE

This synthetic absorbable suture is a co-polymer of lactide and glycolide (from lactic and glycolic acid). Both are
natural metabolic substances. The water-repelling quality of lactide slows water penetration into the suture
filaments, thus slowing the rate of in vivo tensile strength loss as compared to natural absorbable sutures which are
subject to enzymatic digestion. Lactides are also bulky, keeping the submicroscopic polymer chains comprising the
filaments spaced apart so that absorption of the suture mass is rapid once tensile strength is lost. The combination of
lactide and glycolide results in a molecular structure which maintains sufficient tensile strength for efficient
approximation of tissues during the critical wound-healing period, followed by rapid absorption.®

VICRYL sutures (size 6-0 and larger) retain approximately 75% of original tensile strength 2 weeks after
implantation. At 3 weeks, 50% of tensile strength is retained by suture sizes 6-0 and larger, and 40% by suture sizes
7-0 and smaller.

Because synthetic absorbable sutures are not digested by enzymatic activity, they exhibit a lower degree of tissue
reaction than surgical gut. VICRYL suture is extruded into monofilament strands which are dyed violet to enhance
visibility in tissue. They are available for use in ophthalmic surgery. Conjunctival sutures remaining in place longer
than 7 days may cause localized irritation and should be removed as indicated.

COATED VICRYL (POLYGLACTIN 910) SUTURE

This material fills the need for a smoother synthetic absorbable suture that will pass through tissue readily with
minimal drag. Coated VICRYL sutures facilitate easy tissue passage, precise knot placement, smooth tie down, and
a decreased tendency to incarcerate tissue.®

The coating is a combination of equal parts of co-polymer of lactide and glycolide (polyglactin 370), plus calcium
stearate which is used extensively in pharmaceuticals and food. Calcium stearate is a salt of calcium and stearic acid,
both of which are present in the body and constantly metabolized and excreted. The result of this mixture is an
outstandingly absorbable, adherent, nonflaking lubricant. This suture may be used in the presence of infection.’

At 2 weeks postimplantation, approximately 75% of the tensile strength of Coated VICRYL suture remains.
Approximately 50% of tensile strength is retained at 3 weeks for suture sizes 6-0 and larger, and 40% is retained for
suture sizes 7-0 and smaller. Absorption is minimal until day 40, and essentially complete between days 56 and 70.
Like the suture itself, the coating absorbs rapidly and predictably within 56 to 70 days.

Lactide and glycolide acids are readily eliminated from the body, primarily in urine. As with uncoated sutures,
Coated VICRYL sutures elicit only a mild tissue reaction during absorption. Their safety and effectiveness in neural
and cardiovascular tissue have not been established. Transcutaneous or conjunctival sutures remaining in place
longer than 7 days may cause localized irritation and should be removed as indicated. Coated VICRYL sutures are
available as braided dyed violet or undyed natural strands in a variety of lengths with or without needles.
COATED VICRYL RAPIDE (POLYGLACTIN 910) SUTURE

This braided suture is composed of the same copolymer as Coated VICRY L suture--lactide and glycolide--and is
coated with a combination of equal parts of copolymer of lactide and glycolide (polyglactin 370) and calcium
stearate. However, the absorption rate and tensile strength profile are significantly different from Coated VICRYL
suture, achieved by the use of a polymer material with a lower molecular weight than Coated VICRYL suture.
Coated VICRYL RAPIDE sutures are only available undyed.

Coated VICRYL RAPIDE suture is the fastest-absorbing synthetic suture and exhibits characteristics that model the
performance of surgical gut suture. However, being a synthetic material, Coated VICRYL RAPIDE suture elicits a
lower tissue reaction than chromic gut suture. Coated VICRYL RAPIDE suture is indicated only for use in
superficial soft tissue approximation of the skin and mucosa, where only short-term wound support (7 to 10 days) is
required. It is not to be used in ligation, in ophthalmic, cardiovascular, or neurological procedures, where extended
approximation of tissues under stress is required, or where wound support beyond 7 days is required.

Coated VICRYL RAPIDE sutures retain approximately 50% of the original tensile strength at 5 days post-
implantation. All of the original tensile strength is lost by approximately 10 to 14 days. Absorption is essentially
complete by 42 days. Coated VICRYL RAPIDE suture is particularly well-suited for skin closure, episiotomy repair,
and closure of lacerations under casts. In addition, since the suture begins to "fall off" in 7 to 10 days as the wound
heals, the need for suture removal is eliminated.

MONOCRYL (POLIGLECAPRONE 25) SUTURE

This monofilament suture features superior pliability for easy handling and tying. Comprised of a copolymer of
glycolide and epsilon-caprolactone, it is virtually inert in tissue and absorbs predictably. The surgeon may prefer
MONOCRYL sutures for procedures which require high initial tensile strength diminishing over 2 weeks



postoperatively. These include subcuticular closure and soft tissue approximations and ligations, with the exception
of neural, cardiovascular, ophthalmic, and microsurgical applications.

MONOCRYL suture is available dyed (violet) and undyed (natural). Dyed MONOCRYL suture retains 60% to 70%
of its original strength at 7 days postimplantation, reduced to 30% to 40% at 14 days, with all original strength lost
by 28 days. At 7 days, undyed MONOCRY'L suture retains approximately 50% to 60% of its original strength, and
approximately 20% to 30% at 14 days postimplantation. All of the original tensile strength of undyed MONOCRY L
suture is lost by 21 days postimplantation. Absorption is essentially complete at 91 to 119 days.

PDS Il (POLYDIOXANONE) SUTURE

Comprised of the polyester poly (p-dioxanone), this monofilament represents a significant advance in suturing
options. It combines the features of soft, pliable, monofilament construction with absorbability and extended wound
support for up to 6 weeks. It elicits only a slight tissue reaction. Additionally, PDS Il sutures exhibit a low affinity
for microorganisms.® This material is well-suited for many types of soft tissue approximation, including pediatric
cardiovascular, orthopaedic, gynecologic, ophthalmic, plastic, digestive, and colonic surgeries.*?

Like other synthetic absorbable sutures, PDS Il sutures are absorbed in vivo through hydrolysis. Approximately 70%
of tensile strength remains 2 weeks postimplantation, 50% at 4 weeks, and 25% at 6 weeks. Absorption is minimal
until about the 90th day postoperatively and essentially complete within 6 months. The safety and effectiveness of
PDS Il sutures in microsurgery, neural tissue, and adult cardiovascular tissue have not been established. PDS 11
sutures are available clear or dyed violet to enhance visibility.

PANACRYL SUTURE

This braided synthetic absorbable suture, comprised of a copolymer of lactide and glycolide and coated with a
copolymer of caprolactone and glycolide, provides the extended wound support found in nonabsorbable sutures.
PANACRYL suture retains approximately 80% of its original strength at 3 months and 60% of its original strength
at 6 months post-implantation. It is essentially absorbed in 1.5 to 2.5 years.

PANACRYL suture is unique for its combined superior strength and absorbability. Indicated for use in general soft
tissue and orthopaedic uses including tendon and ligament repairs and reattachment to bone, PANACRYL suture is
useful where extended wound support up to 6 months is desirable. For example, PANACRYL suture is especially
well-suited in cases involving patients with compromised wound healing resulting from the use of corticosteroids,
malnourishment, obesity, and cancer. PANACRY L suture should not be used in ophthalmic, cardiovascular, or
neurological tissue.

PANACRYL is only available undyed, which provides excellent visibility in the presence of blood.



Nonabsorbable Sutures
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The U.S.P. classifies nonabsorbable surgical sutures as follows:

« CLASS I--Silk or synthetic fibers of monofilament, twisted, or braided construction.

« CLASS II--Cotton or linen fibers, or coated natural or synthetic fibers where the coating
contributes to suture thickness without adding strength.

o CLASS IlI--Metal wire of monofilament or multifilament construction.

SURGICAL SILK

For many surgeons, surgical silk represents the standard of performance by which newer synthetic materials are
judged, especially due to its superior handling characteristics. Silk filaments can be twisted or braided, the latter
providing the best handling qualities.

Raw silk is a continuous filament spun by the silkworm larva to make its cocoon. Cream or orange-colored in its raw
state, each silk filament is processed to remove natural waxes and sericin gum, which is exuded by the silkworm as
it spins its cocoon. The gum holds the cocoon together, but is of no benefit to the quality of braided surgical silk
sutures.

ETHICON degums the silk for most suture sizes before the braiding process. This allows for a tighter, more
compact braid which significantly improves suture quality. After braiding, the strands are dyed, scoured and
stretched, and then impregnated and coated with a mixture of waxes or silicone. Each of these steps is critical to the
quality of the finished suture and must be carried out in precise order. Surgical silk is usually dyed black for easy
visibility in tissue.

Raw silk is graded according to strength, uniformity of filament diameter, and freedom from defects. Only top
grades of silk filaments are used to produce PERMA-HAND surgical silk sutures.

Surgical silk loses tensile strength when exposed to moisture and should be used dry. Although silk is classified by
the U.S.P. as a nonabsorbable suture, long-term in vivo studies have shown that it loses most or all of its tensile
strength in about 1 year and usually cannot be detected in tissue after 2 years. Thus, it behaves in reality as a very
slowly absorbing suture.



Nonabsorbable Sutures
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SURGICAL STAINLESS STEEL

The essential qualities of surgical stainless steel sutures include the absence of toxic elements, flexibility, and fine
wire size. Both monofilament and twisted multifilament varieties are high in tensile strength, low in tissue reactivity,
and hold a knot well. Provided that the sutures do not fragment, there is little loss of tensile strength in tissues. The
316L (low carbon) stainless steel alloy formula used in the manufacture of these sutures offers optimum metal
strength, flexibility, uniformity, and compatibility with stainless steel implants and prostheses. Stainless steel sutures
may also be used in abdominal wall closure, sternum closure, retention, skin closure, a variety of orthopaedic
procedures, and neurosurgery.

Disadvantages associated with alloy sutures include difficulty in handling; possible cutting, pulling, and tearing of
the patients tissue; fragmentation; barbing; and kinking, which renders the stainless steel suture useless. When used
for bone approximation and fixation, asymmetrical twisting of the wire will lead to potential buckling, wire fracture,
or subsequent wire fatigue. Incomplete wire fixation under these circumstances will permit movement of the wire,
resulting in postoperative pain and possible dehiscence *.

Surgical stainless steel sutures should not be used when a prosthesis of another alloy is implanted since an
unfavorable electrolytic reaction may occur.

Above all, stainless steel sutures pose a safety risk. They easily tear surgical gloves when handled and may puncture
the surgeon's own skin--putting both physician and patient at risk of transmitted immunodeficiency virus or
hepatitis.

Many surgeons refer to wire size by the Brown & Sharpe (B & S) gauge of 40 (smallest diameter) to 18 (largest
diameter). ETHICON labels surgical stainless steel with both the B & S and U.S.P. diameter size classifications.
ETHICON packaging of surgical stainless steel maintains the integrity of the product by eliminating kinking and
bending of strands. Just as important, it presents the strands in a safe manner for all members of the surgical team

who handle them.
| TABLE4

| .003Linch | 60 | 40 |STEEL:
|___oos0 | 6o | 33 [MIUINS
| 0056 50 | 35 |GAUGE
| .0080 |40 | 32

| 0126 | 20 | 28

| 0179 1 | 25

| 0226 | 3 | 23

| 0320 5 | 2




Synthetic Nonabsorbable Sutures

Nylon sutures are a polyamide polymer derived by chemical synthesis. Because of their elasticity, they are
particularly well-suited for retention and skin closure. They may be clear, or dyed green or black for better visibility.
ETHILON NYLON SUTURE

These sutures are extruded into noncapillary single or monofilament strands characterized by high tensile strength
and extremely low tissue reactivity. They degrade in vivo at a rate of approximately 15% to 20% per year by
hydrolysis. ETHILON sutures in sizes 10-0 and 6-0 and larger are produced from a special grade of nylon 6. The
medical grade polyamide nylon 6-6 is used for sizes 7-0 and finer. While both grades permit good handling,
monofilament nylon sutures have a tendency to return to their original straight extruded state (a property known as
"memory"). Therefore, more throws in the knot are required to securely hold monofilament than braided nylon
sutures.

Monofilament nylon in a wet or damp state is more pliable and easier to handle than dry nylon. A limited line of
ETHILON sutures (sizes 3-0 through 6-0) are premoistened or "pliabilized" for use in cosmetic plastic surgery. This
process enhances the handling and knot tying characteristics to approximate that of braided sutures. ETHILON
sutures are frequently used in ophthalmology and microsurgery procedures in very fine sizes. For this reason, sizes
9-0 and 10-0 have an intensified black dye for high visibility.

NUROLON NYLON SUTURE

This suture is composed of filaments of nylon that have been tightly braided into a multifilament strand. Available in
white or dyed black, NUROLON sutures look, feel, and handle like silk. However, NUROLON sutures have more
strength and elicit less tissue reaction than silk. Braided nylon may be used in all tissues where multifilament
nonabsorbable sutures are acceptable. Braided nylon sutures generally lose 15% to 20% of their tensile strength per
year in tissue by hydrolyzation.

Polyester fiber suture is comprised of untreated fibers of polyester (polyethylene terephthalate) closely braided into
a multifilament strand. They are stronger than natural fibers, do not weaken when wetted prior to use, and cause
minimal tissue reaction. Available white or dyed green, polyester fiber sutures are among the most acceptable for
vascular synthetic prostheses.

MERSILENE POLYESTER FIBER SUTURE

The first synthetic braided suture material shown to last indefinitely in the body, MERSILENE sutures provide
precise, consistent suture tension. They minimize breakage and virtually eliminate the need to remove irritating
suture fragments postoperatively. Following ophthalmic procedures, MERSILENE sutures have also been found to
cause less burning and itching." Because it is uncoated, MERSILENE suture has a higher coefficient of friction
when passed through tissue.

ETHIBOND EXCEL POLYESTER SUTURE

ETHIBOND EXCEL sutures are uniformly coated with polybutilate, a biologically inert, nonabsorbable compound
which adheres itself to the braided polyester fiber strand. Polybutilate was the first synthetic coating developed
specifically as a surgical suture lubricant. The coating eases the passage of the braided strands through tissue and
provides excellent pliability, handling qualities, and smooth tie-down with each throw of the knot. Both the suture
material and the coating are pharmacologically inactive. The sutures elicit minimal tissue reaction and retain their
strength in vivo for extended periods. ETHIBOND EXCEL sutures are used primarily in cardiovascular surgery, for
vessel anastomosis, and placement of prosthetic materials.

ETHIBOND EXCEL polyester sutures are also available attached to TFE polymer felt pledgets. Pledgets serve to
prevent possible tearing of adjacent friable tissue. Pledgets are used routinely in valve replacement procedures (to
prevent the annulus from tearing when the prosthetic valve is seated and the sutures are tied), and in situations where
extreme deformity, distortion, or tissue destruction at the annulus has occurred.

Polypropylene is an isostatic crystalline sterecisomer of a linear hydrocarbon polymer permitting little or no
saturation. Manufactured by a patented process which enhances pliability and handling, polypropylene
monofilament sutures are not subject to degradation or weakening by tissue enzymes. They are extremely inert in
tissue and have been found to retain tensile strength for long periods of time in vivo.'* Polypropylene sutures cause
minimal tissue reaction and hold knots better than most other synthetic monofilament materials.

PROLENE POLYPROPYLENE SUTURE

Widely used in general, cardiovascular, plastic, and orthopaedic surgery, PROLENE sutures do not adhere to tissue
and are therefore efficacious as a pull-out suture. PROLENE sutures are relatively biologically inert.

PROLENE sutures are recommended for use where minimal suture reaction is desired, such as in contaminated and
infected wounds to minimize later sinus formation and suture extrusion. They are available clear or dyed blue.
PRONOVA POLY (HEXAFLUOROPROPYLENE-VDF) SUTURE

This monofilament nonabsorbable suture is a polymer blend of poly (vinylidene fluoride) and poly (vinylidene
fluoride-cohexafluoropropylene). This suture resists involvement in infection and has been successfully employed in



contaminated and infected wounds to eliminate or minimize later sinus formation and suture extrusion. Furthermore,
the lack of adherence to tissues has facilitated the use of PRONOVA suture as a pull-out suture.

This material is well-suited for many types of soft tissue approximation and ligation, including use in
cardiovascular, ophthalmic and neurological procedures.
Table 5 gives an overview of the many suturing options that have been discussed in this section.

Suturing Options:

Materials, Characteristics and Applications Table

Part 1
SUTURE TYPE COLOR OF RAW MATERIAL
MATERIAL
Surgical Gut Suture Plain Yellowish-tan Collagen derived from serosa of
Blue Dyed beef intestine or submucosa of
sheep intestine.
Surgical Gut Suture Chromic Brown Collagen derived from serosa of
Blue Dyed beef intestine or submucosa of
sheep intestine.
Coated VICRYL Braided Undyed (Natural) Copolymer of glycolide and
RAPIDE (polyglactin 910) lactide coated with polyglactin
Suture 370 and calcium stearate.
Coated VICRYL Braided Violet Copolymer of glycolide and

(polyglactin 910)Suture

Monofilament

Undyed (Natural)

lactide coated with polyglactin
370 and calcium stearate.

MONOCRYL Monofilament Undyed (Natural) Copolymer of glycolide and
(poliglecaprone 25) Suture Violet epsilon-caprolactone.
PDS Il Monofilament Violet Polyester polymer.
(polydioxanone) Suture Blue

Clear
PANACRYL Braided Undyed (Natural) Copolymer of lactide and
Suture glycolide coated with a polymer

of caprolactone and glycolide.

PERMA-HAND Braided Black Organic protein called fibroin.
Silk Suture White

Surgical Stainless Steel
Suture

Monofilement
Multifilament

Silver metallic

316L stainless steel.

ETHILON Monofilament Black Long chain aliphatic polymers
Nylon Suture Green Nylon 6 or Nylon 6,6.

Undyed (Clear)
NUROLON Braided Black Long-chain aliphatic polymers
Nylon Suture Green Nylon 6 or Nylon 6,6.

Undyed (Clear)

MERSILENE
Polyester Fiber Suture

BraidedMonofilament

Green
Undyed (White)

Poly (ethylene terephthalate).

ETHIBOND EXCEL
Polyester Fiber Suture

Braided

Green
Undyed (White)

Poly (ethylene terephthalate)
coated with polybutilate.




PROLENE Monofilament Clear Isotactic crystalline stereoisomer
Polypropylene Blue of polypropylene.

PRONOVA Monofilament Clear Polymer blend of poly(vinylidene
Poly (hexafluoro-propylene- Blue fluoride and poly (vinylidene

VDF) Suture

flouride-cohexafluoropropylene)




Suturing Options:

Materials, Characteristics and Applications Table

Part 2
SUTURE TENSILE STRENGTH ABSORPTION | TISSUE CONTRAINDICATIONS
RETENTION IN VIVO RATE REACTION
Surgical Gut Suture Individual patient Absorbed by Moderate Being absorbable, should
characteristics can affect proteolytic reaction not be used where extended
rate of tensile strength loss. | enzymatic approximation of tissues
digestive under stress is required.
process. Should not be used in

patients with known
sensitivities or allergies to
collagen or chromium.

Surgical Gut Suture Individual patient Absorbed by Moderate Being absorbable,should
characteristics can affect proteolytic reaction not be used where extended
rate of tensile strength loss. | enzymatic approximation of tissues

digestive under stress is required.

process. Should not be used in
patients with known
sensitivities or allergies to
collagen or chromium.

Coated VICRYL Approximately 50% remains | Essentially Minimal to | Should not be used when

RAPIDE (polyglactin | at 5 days. All tensile complete by 42 | moderate extended approximation of

910) Suture strength is lost by days. Absorbed | acute tissue under stress is
approximately 10-14 days. | by hydrolysis. inflammatory | required or where wound

reaction. support beyond 7 days is
required.

Coated VICRYL Approximately 75% remains | Essentially Minimal Being absorbable, should

(Polyglactin 910) at 2 weeks. complete acute not be used where extended

Suture Approximately 50% remains | between 56-70 | inflammatory | approximation of tissue is
at 3 weeks. days. Absorbed | reaction required.

(6-0 and larger) by hydrolysis.

MONOCRYL Approximately 50-60% Complete at 91- | Minimal Being absorbable, should

(poliglecaprone 25) remains at 1 week (undyed); | 119 days. acute not be used where extended

Suture 60-70% at 1 week (dyed). Absorbed by inflammatory | approximation of tissue
Approximately 20-30% hydrolysis. reaction under stress is required.
remains at 2 weeks Undyed not indicated for
(undyed); 30-40% at 2 use in fascia.
weeks (dyed). Lost by 28
days.

PDS Il Approximately 70% remains | Minimal until Slight Being absorbable, should

(polydioxanone) at 2 weeks. about 90th day. | reaction not be used where

Suture Approximately 50% remains | Essentially prolonged approximation
at 4 weeks. complete within of tissues under stress is
Approximately 25% remains | 6 months. required. Should not be
at 6 weeks. Absorbed by used with prosthetic

slow hydrolysis. devices, such as heart
valves or synthetic grafts.

PANACRYL Approximately 80% remains | Essentially Minimal Being absorbable, should

Suture at 3 months.Approximately | complete in1.5 | inflammatory | not be used where extended
60% remains at 6 months. to 2.5 years. reaction annrnximatinn nf tissiie




beond 6 months is

required.
PERMA-HAND Progressive degradation of | Gradual Acute Should not be used in
Silk Suture fiber may result in gradual | encapsulation inflammatory | patients with known
loss of tensile strength over | by fibrous reaction sensitivities or allergies to
time. connective silk.
tissue.
Surgical Stainless Indefinite. Nonabsorbable. | Minimal Should not be used in
Steel Suture acute patients with known
inflammatory | sensitivities or allergies to
reaction 316L stainless steel, or
constituent metals such as
chromium and nickel.
ETHILON Progressive hydrolysis may | Gradual Minimal Should not be used where
Nylon suture result in gradual loss of encapsulation acute permanent retention of
tensile strength over time. by fibrous inflammatory | tensile strength is required.
connective reaction
tissue.
NUROLON Progressive hydrolysis may | Gradual Minimal Should not be used where
Nylon Suture result in gradual loss of encapsulation acute permanent retention of
tensile strength over time. by fibrous inflammatory | tensile strength is required.
connective reaction
tissue.
MERSILENE No significant change Gradual Minimal None known.
Polyester Fiber Suture | known to occur in vivo. encapsulation acute
by fibrous inflammatory
connective reaction
tissue.
ETHIBOND EXCEL | No significant change Gradual Minimal None known.
Polyester Fiber Suture | known to occur in vivo. encapsulation acute
by fibrous inflammatory
connective reaction
tissue.
PROLENE Not subject to degradation | Gradual Minimal None known.
Polypropylene or weakening by action of encapsulation acute
tissue enzymes. by fibrous inflammatory
connective reaction
tissue.
PRONOVA Not subject to degradation | Gradual Minimal to | None known.
Poly or weakening by action of encapsulation mild
(hexafluoropropylene- | tissue enzymes. by fibrous inflammatory
VDF) Suture connective reaction

tissue.




Suturing Options:

Materials, Characteristics and Applications Table

Part 3
SUTURE FREQUENT USES HOW SUPPLIED COLOR
CODE

Surgical Gut Suture General soft tissue approximation | 7-0 thru 3 with and without Yellow

and/or ligation, including use in | needles, and on LIGAPAK

ophthalmic procedures. Not for dispensing reels

use in cardiovascular and 0 thru 1 with CONTROL

neurological tissues. RELEASE needles
Surgical Gut Suture General soft tissue approximation | 7-0 thru 3 with and without Beige

and/or ligation, including use in | needles, and on LIGAPAK

ophthalmic procedures. Not for dispensing reels

use in cardiovascular and 0 thru 1 with CONTROL

neurological tissues. RELEASE needles
Coated VICRYL Superficial soft tissue 5-0 thru 1 with needles Violet
RAPIDE (polyglactin 910) approximation of skin and and Red
Suture mucosa only. Not for use in

ligation, ophthalmic,

cardiovascular, or neurological

procedures.
Coated VICRYL General soft tissue approximation | 8-0 thru 3 with and without Violet
(Polyglactin 910) Suture and/or ligation, including use in | needles, and on LIGAPAK

opthalmic procedures. Not for use | dispensing reels

in cardiovascular and 4-0 thru 2 with CONTROL

neurological tissues. RELEASE needles

8-0 with attached beads for
ophthalmic use

MONOCRYL General soft tissue approximation | 6-0 thru 2 with and without Coral
(poliglecaprone 25) Suture and/or ligation. Not for use in needles

cardiovascular and nuerological | 3-0 thru 1 with CONTROL

tissues, microsurgery, or RELEASE needles

ophthalmic surgery.
PDS Il All types of soft tissue 9-0 thru 2 with needles (violet) | Silver
(polydioxanone) Suture approximation, including 4-0 thru 1 with CONTROL

pediatric cardiovascular and RELEASE needles (violet)

ophthalmic procedures. Not for 9-0 thru 7-0 with needles (blue)

use in adult cardiovascular tissue, | 7-0 thru 1 with needles (clear)

microsurgery and neural tissue.
PANACRYL General soft tissue approximation | 3-0 thru 2 with CONTROL Plum
Suture and/or ligation. Not for use in RELEASE needles or without

ophthalmic, cardiovascular or needles

neurological tissues.
PERMA-HAND General soft tissue approximation | 9-0 thru 5 with and without Light
Silk Suture and/or ligation, including needles, and on LIGAPAK Blue

cardiovascular, ophthalmic and
nuerological procedures.

dispensing reels
4-0 thru 1 with CONTROL
RELEASE needles




Surgical Stainless Abdominal wound closure, hernia | 10-0 thru 7 with and without Yellow-
Steel Suture repair, sternal closure, and needles Ochre
orthopaedic procedures including
cerclage and tendon repair.
ETHILON General soft tissue approximation | 11-0 thru 2 with and without Mint
Nylon suture and/or ligation, including use in | needles Green
cardiovascular, ophthalmic, and
neurological procedures.
NUROLON General soft tissue approximation | 6-0 thru 1 with and without Mint
Nylon Suture and/or ligation, including use in | needles4-0 thru 1 with Green
cardiovascular, ophthalmic, and | CONTROL RELEASE needles
neurological procedures.
MERSILENE General soft tissue approximation | 6-0 thru 5 with or without Turqoise
Polyester Fiber Suture and/or ligation, including use in | needles
cardiovascular, ophthalmic, and | 10-0 and 11-0 for opthalmic
neurological procedures. (green monofilament)
0 with CONTROL RELEASE
needles
ETHIBOND General soft tissue approximation | 7-0 thru 5 with or without Orange
EXCEL Polyester Fiber Suture | and/or ligation, including use in | needles
cardiovascular, ophthalmic, and | 4-0 thru 1 with CONTROL
neurological procedures. RELEASE needles-various sizes
attached to TFE polymer
pledgets
PROLENE General soft tissue approximation | 7-0 thru 2(clear) with and Deep
Polypropylene Suture and/or ligation, including use in | without needles Blue
cardiovascular, ophthalmic, and | 10-0 thru 8-0 and 6-0 thru
neurological procedures. 2(blue) with and without needles
0 thru 2 with CONTROL
RELEASE needles-various sizes
attached to TFE polymer
pledgets
PRONOVA General soft tissue approximation | 6-0 thru 2 (clear) with needles Cranberry

Poly (hexafluoropropylene-
VDF)Suture

and/or ligation, including use in
cardiovascular, ophthalmic, and
neurological procedures.

10-0 thru 8-0 and 6-0 thru 2
(blue) with needles

7-0 are U.S.P. except for
diameter 0 thru 2 with
CONTROL RELEASE needles




Common Suturing Techniques

Ligatures

A suture tied around a vessel to occlude the lumen is called a ligature or tie. It may be used to effect hemostasis or
to close off a structure to prevent leakage. There are two primary types of ligatures.

Free tie or freehand ligatures are single strands of suture material used to ligate a vessel, duct, or other structure.
After a hemostat has been placed on the end of the structure, the suture strand is tied around the vessel under the tip
of the hemostat. The hemostat is removed after the first throw and the surgeon tightens the knot using his or her
fingertips, taking care to avoid instrument damage to the suture. Additional throws are added as needed to secure the
knot.

Stick tie, suture ligature, or transfixion suture is a strand of suture material attached to a needle to ligate a vessel,
duct, or other structure. This technique is used on deep structures where placement of a hemostat is difficult or on
vessels of large diameter. The needle is passed through the structure or adjacent tissue first to anchor the suture, then
tied around the structure. Additional throws are used as needed to secure the knot.

Ligatures
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The Primary Suture Line

The primary suture line is the line of sutures that holds the wound edges in approximation during healing by first
intention. It may consist of a continuous strand of material or a series of interrupted suture strands. Other types of
primary sutures, such as deep sutures, buried sutures, purse-string sutures, and subcuticular sutures, are used for
specific indications. Regardless of technique, a surgical needle is attached to the suture strand to permit repeated
passes through tissue.

CONTINUOUS SUTURES

Also referred to as running stitches, continuous sutures are a series of stitches taken with one strand of material. The
strand may be tied to itself at each end, or looped, with both cut ends of the strand tied together. A continuous suture
line can be placed rapidly. It derives its strength from tension distributed evenly along the full length of the suture
strand. However, care must be taken to apply firm tension, rather than tight tension, to avoid tissue strangulation.
Overtensioning and instrument damage should be avoided to prevent suture breakage which could disrupt the entire
line of a continuous suture.

Continuous suturing leaves less foreign body mass in the wound. In the presence of infection, it may be desirable to
use a monofilament suture material because it has no interstices which can harbor microorganisms. This is especially
critical as a continuous suture line can transmit infection along the entire length of the strand. A continuous one-
layer mass closure may be used on peritoneum and/or fascial layers of the abdominal wall to provide a temporary
seal during the healing process.

Continuous
Suturing
Techniques
/N
,_I._.
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Looped Suture, knotted Two strands knotted at each end and
at one end knotted in the middle

Running locked suture  Over-and-over running stitch
INTERRUPTED SUTURES
Interrupted sutures use a number of strands to close the wound. Each strand is tied and cut after insertion. This
provides a more secure closure, because if one suture breaks, the remaining sutures will hold the wound edges in
approximation.
Interrupted sutures may be used if a wound is infected, because microorganisms may be less likely to travel along a
series of interrupted stitches.

| FiG3 |

Interrupted
Suturing



Techniques

Simple interrupted  Interrupted vertical Interrupted
mattress horizontal mattress

DEEP SUTURES
Deep sutures are placed completely under the epidermal skin layer. They may be placed as continuous or interrupted

sutures and are not removed postoperatively.

- |Fic4

Deep
Sutures

Interrupted technigue

BURIED SUTURES
Buried sutures are placed so that the knot protrudes to the inside, under the layer to be closed. This technique is

useful when using large diameter permanent sutures on deeper layers in thin patients who may be able to feel large
knots that are not buried.

PURSE-STRING SUTURES
Purse-string sutures are continuous sutures placed around a lumen and tightened like a drawstring to invert the

opening. They may be placed around the stump of the appendix, in the bowel to secure an intestinal stapling device,
or in an organ prior to insertion of a tube (such as the aorta, to hold the cannulation tube in place during an open

heart procedure).
| FGs
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SUBCUTICULAR SUTURES

Subcuticular sutures are continuous or interrupted sutures placed in the dermis, beneath the epithelial layer.
Continuous subcuticular sutures are placed in a line parallel to the wound. This technique involves taking short,
lateral stitches the full length of the wound. After the suture has been drawn taut, the distal end is anchored in the
same manner as the proximal end. This may involve tying or any of a variety of anchoring devices. Subcuticular
suturing may be performed with absorbable suture which does not require removal, or with monofilament
nonabsorbable suture that is later removed by simply removing the anchoring device at one end and pulling the

opposite end.
] FIGS6
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The Secondary Suture Line
A secondary line of sutures may be used:

» To reinforce and support the primary suture line, eliminate dead space, and prevent fluid
accumulation in an abdominal wound during healing by first intention. When used for
this purpose, they may also be called retention, stay, or tension sutures.

« To support wounds for healing by second intention.

« For secondary closure following wound disruption when healing by third intention.

NOTE: If secondary sutures are used in cases of nonhealing, they should be placed in opposite fashion from the
primary sutures (i.e., interrupted if the primary sutures were continuous, continuous if the primary sutures were
interrupted).

Retention sutures are placed approximately 2 inches from each edge of the wound. The tension exerted lateral to the
primary suture line contributes to the tensile strength of the wound. Through-and-through sutures are placed from
inside the peritoneal cavity through all layers of the abdominal wall, including the peritoneum. They should be
inserted before the peritoneum is closed using a simple interrupted stitch. The wound may be closed in layers for a
distance of approximately three-fourths its length. Then the retention sutures in this area may be drawn together and
tied. It is important that a finger be placed within the abdominal cavity to prevent strangulation of the viscera in the
closure. The remainder of the wound may then be closed. Prior to tightening and tying the final retention sutures, it
is important to explore the abdomen again with a finger to prevent strangulation of viscera in the closure. The
remainder of the wound may then be closed.

Retention sutures utilize nonabsorbable suture material. They should therefore be removed as soon as the danger of
sudden increases in intra-abdominal pressure is over-- usually 2 to 6 weeks, with an average of 3 weeks.

| FIG7
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Stitch Placement

Many types of stitches are used for both continuous and interrupted suturing. In every case, equal "bites" of tissue
should be taken on each side of the wound. The needle should be inserted from 1 to 3 centimeters from the edge of
the wound, depending upon the type and condition of the tissue being sutured. The distance from suture to suture
should be approximately equal to the distance from the edge of the wound to the suture.*

Most tissues heal when the edges are held in apposition. In some instances, the tissues should be either inverted or
everted to affect healing. For example, mucosa is inverted in a sutured gastrointestinal anastomosis, apposing serosa
to serosa. Skin edges may be everted prior to the placement of sutures.

e T e

'CONTINUOUS SUTURE INTERRUPTED SUTURE Commonly
'To appose skin and other tissue gs:ethypes of
Over-and-over Over-and-over titches
Subcuticular Vertical mattress

Horizontal mattress

|To invert tissue

Lembert Lembert
Cushing Halsted
Connell Purse-String

|To evert tissue

Horizontal mattress

Horizontal mattress




Knot Tying Techniques

General Principles of Knot Tying

Of the more than 1,400 knots described in the Encyclopedia of Knots, only a few are used to
secure sutures or to ligate blood vessels. The type of knot tied will depend upon the material
used, the depth and location of the incision, and the amount of stress that will be placed upon the
wound postoperatively. Multifilament sutures are generally easier to handle and tie than

monofilament sutures.

The surgeon must work slowly and meticulously. Speed in knot tying frequently results in less than perfect
placement of the strands. When tying a knot, the surgeon must consider the amount of tension he or she is placing
upon the incision and must allow for post-operative edema. The general principles of knot tying which apply to all
suture materials are:

1.

The completed knot must be firm to virtually eliminate slippage. The simplest knot for
the material used is the most desirable.

Tie the knot as small as possible and cut the ends as short as possible. This helps to
prevent excessive tissue reaction toward absorbable sutures and to minimize foreign body
reaction to nonabsorbable sutures.

Avoid friction. "Sawing" between strands may weaken suture integrity.

Avoid damage to the suture material during handling, especially when using surgical
instruments in instrument ties.

Avoid excessive tension which may break sutures and cut tissue. Practice will lead to
successful use of finer gauge materials.

Do not tie sutures used for tissue approximation too tightly, as this may contribute to
tissue strangulation. Approximate-- do not strangulate.

Maintain traction at one end of the strand after the first loop is tied to avoid loosening of
the throw.

Make the final throw as nearly horizontal as possible.

Do not hesitate to change stance or position in relation to the patient in order to place a
knot securely and flat.

10. Extra throws do not add to the strength of a properly tied knot, only to its bulk.

Some procedures involve tying knots with the fingers, using one or two hands; others involve tying with the help of
instruments. Perhaps the most complex method of knot tying is done during endoscopic procedures, when the
surgeon must manipulate instruments from well outside the body cavity.



Suture Characteristics and Knot Security

Suture materials manufactured by ETHICON have been designed to provide the optimum combination of strength,
uniformity, hand, and extensibility (where appropriate).

Hand is the most subtle of all suture qualities, relating literally to the way the suture handles--the smoothness with
which it passes through tissue and ties down, the way in which knots can be set and snugged down, and most of all,
to the firmness or body of the suture. Extensibility relates to the way the suture stretches slightly and then recovers
during knot tying. It also denotes whether or not a good deal of tension can be placed on the strand before it breaks.
The coefficient of friction in monofilament sutures is relatively low. (The coefficient of friction affects the tendency
of the knot to loosen after it has been tied; more friction results in a more secure knot.) Most surgeons have had the
experience of discovering that a carefully tied knot in monofilament nylon had eventually loosened. In larger sizes,
monofilament nylon suture is the most likely to slip. However, PROLENE suture is preferred for cardiovascular
bypass surgery because it exhibits a small degree of plasticity. If it is tied carefully and the knots set firmly, a
flattening occurs where the strands cross which helps to lock polypropylene knots. Surgeons suggest that the
stretching characteristics of PROLENE suture provide the signal to the surgeon at the precise moment when the knot
is snug. The key to the proper use of these materials is meticulous technique in laying flat knots and setting each
knot as it is tied.

One drawback of monofilament synthetic polymeric sutures is their memory. This is the tendency not to lay flat, but
to return to a given shape set by the material's extrusion process or the suture's packaging. Packaging can also play a
role in helping sutures to lay flat. Packages such as the RELAY and straight pack suture delivery systems deliver
sutures with minimal package memory due to their unique package design.

When knot security is critical, synthetic multifilament or braided sutures, usually polyesters, are used. Additional
knots are usually tied to maximize knot security. With multifilament absorbable sutures, particularly Coated
VICRYL sutures, silk, and cotton, the knots do not tend to slip. This is because the nature of the material and its
braided or twisted construction provide a high coefficient of friction. The knots remain as they were laid down.
However, variability in knot strength among multifilament sutures might arise from the technical aspects of the
braiding or twisting process.

Although various suturing materials react in specific ways while being tied, perhaps the greatest factor affecting
knot security is the human factor. Herrman concluded: "Knot security proved to be a much more variable
characteristic than breaking strength (of suture material). In addition to the variable inherent in the material itself,
considerable variation was found between knots tied by different individuals and even between knots tied by the
same individual on different occasions."*°

Knot Tying Techniques Most Often Used

An important part of good suturing technique is the method of knot tying. A see-saw motion (where one strand saws
down over the other until the knot is formed) may weaken suture material to the point that it may break when the
next throw is made, or worse, in the postoperative period when the suture is further weakened by increased tension
or motion or decreasing tensile strength.If the two ends of the suture are pulled in opposite directions with uniform
rate and tension, the knot will be tied more securely. Following are the most frequently used knot tying techniques
with accompanying illustrations of finished knots.

SQUARE KNOT

The two-handed square knot is the easiest and most reliable for tying most suture materials. Standard technique of
flat and square ties with additional throws if indicated by the surgical circumstance and the experience of the
operator should be used to tie plain and chromic surgical gut, Coated VICRYL RAPIDE suture, Coated VICRYL
suture, MONOCRYL suture, PDS |1 suture, PANACRY L suture, ETHIBOND EXCEL suture, ETHILON suture,
PERMA-HAND suture, PROLENE suture, PRONOVA suture, and stainless steel suture. Whenever possible, this
technique is performed using two hands. The square knot may also be tied using one hand.

CAUTION: If the strands of a square knot are inadvertently incorrectly crossed, a granny knot will result. Granny
knots are not recommended because they have a tendency to slip when subjected to increased stress.
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FINISHED
SUTURE
TIES
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Square Knot

SURGEON'S KNOT
The surgeon's knot, or friction knot, is recommended for tying Coated VICRYL suture, ETHIBOND EXCEL suture,
ETHILON suture, MERSILENE suture, NUROLON suture, and PROLENE suture.

FINISHED
SUTURE
TIES

Surgeon’s Knot-first throw  Surgeon's Knot-second throw

DEEP TIE
Tying deep in a body cavity can be difficult. The square knot must be firmly snugged down. However, upward
tension which may tear the tissue must be avoided.
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FINISHED
SUTURE

/ TIES
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Deep tie
INSTRUMENT TIE
This tie is useful when one or both ends of the suture material are short. Care must be taken not to crush the suture
material, especially for monofilament sutures which are prone to instrument damage.
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Instrument tie

LIGATION AROUND A HEMOSTATIC CLAMP
This procedure may be needed to ligate a clamped vessel or tissue.



Endoscopic Knot Tying Techniques

During an endoscopic procedure, a square knot or surgeon's knot may be tied either outside the abdomen and pushed
down into the body through a trocar (extracorporeal) or directly within the abdominal cavity (intracorporeal).

In extracorporeal knot tying, the suture appropriately penetrates the tissue, and both needle and suture are removed
from the body cavity, bringing both suture ends outside of the trocar. Then a series of half-hitches are tied, each one
being pushed down into the cavity and tightened with an endoscopic knot pusher.

Intracorporeal knot tying is performed totally within the abdominal cavity. After the suture has penetrated the tissue,
the needle is cut from the suture and removed. Several loops are made with the suture around the needleholder, and
the end of the suture is pulled through the loops. This technique is then repeated to form a surgeon's knot, which is

tightened by the knot pusher.
In both extracorporeal and intracorporeal knot tying, the following principles of suture manipulation on tissue

should be observed.
1. Handle tissue as gently as possible to avoid tissue trauma.

2. Grasp as little tissue as possible.
3. Use the smallest suture possible for the task.

4. Exercise care in approximating the knot so that the tissue being approximated is not
strangulated.

5. Suture must be handled with care to avoid damage.



Cutting Sutures

Once the knot has been securely tied, the ends must be cut. Before cutting, make sure both tips of the scissors are
visible to avoid inadvertently cutting tissue beyond the suture.

Cutting sutures entails running the tip of the scissors lightly down the suture strand to the knot. The ends of surgical
gut are left relatively long, approximately 1/4" (6mm) from the knot. Other materials are cut closer to the knot,
approximately 1/8" (3mm), to decrease tissue reaction and minimize the amount of foreign material left in the
wound. To ensure that the actual knot is not cut, twist or angle the blades of the scissors prior to cutting.

Make certain to remove the cut ends of the suture from the operative site.



Suture Removal

When the wound has healed so that it no longer needs the support of non-absorbable suture
material, skin sutures must be removed. The length of time the sutures remain in place depends
upon the rate of healing and the nature of the wound. Sutures should be removed "...before the
epithelium has migrated into deeper parts of the dermis. To prevent widening of the scar, the

wound edges must be taped...."*" General rules are as follows:
Sutures should be removed using aseptic and sterile technique. The surgeon uses a sterile suture removal tray
prepared for the procedure. The following steps are taken:

« STEP 1--Cleanse the area with an antiseptic. Hydrogen peroxide can be used to remove
dried serum encrusted around the sutures.

« STEP 2--Pick up one end of the suture with thumb forceps, and cut as close to the skin as
possible where the suture enters the skin.

« STEP 3--Gently pull the suture strand out through the side opposite the knot with the
forceps. To prevent risk of infection, the suture should be removed without pulling any
portion that has been outside the skin back through the skin.

NOTE: Fast absorbing synthetic or gut suture material tend to lose all tensile strength in 5 to 7 days and can be
removed easily without cutting. A common practice is to cover the skin sutures with PROXI-STRIP skin closures

during the required healing period. After the wound edges have regained sufficient tensile strength, the sutures may
be removed by simply removing the PROXI-STRIP skin closures.

Retention sutures 12 to 6 weeks

|Suture Location 