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Sutures:  Materials and Methods

I. SUTURES – any strand of material used to tie blood vessels or sew tissues.

A. Examples: silk, linen, cotton, horsehair, animal tendons and intestines, or wire of precious metals - 5 main types used by PCP: 3/0 or 4/0 plain catgut, 4/0 chromic catgut, 4/0 Vicryl, 3/0 or 4/0 Ethilon, and 5/0 or 6/0 Ethilon (Prolene can be used instead of Ethilon)

B. Consider the following when choosing a suture:

1. Nature of the procedure (permanency, likelihood of tissue rxn, wound tension) – Maintain a sterile and aseptic technique to prevent infection 

2. Type of tissue

a) Gaping wound: use absorbable subQ (4/0 Vicryl or Dexon) to relieve surface tension

b) Sub Q wound approximation or closure: 4/0 plain catgut

c) Fat suture: 4/0 plain catgut

d) Skin closure: 4/0 Ethilon

e) Dead-space obliteration (i.e. Large lipoma): 4/0 Vicryl or Dexon

f) Trunk and limbs wound closure: 4/0 non-absorbable mono (Ethilon or Prolene)

g) Wound closure (face and hands): 6/0 non-absorbable mono (Ethilon or Prolene)

3. Patient factors

a) Age: skin and muscle lose tone and elasticity, metabolism slows, circulation may be impaired( lengthen healing time

b) Overall Health (physical, mental, emotional, spiritual)

c) Weight: excess fat may prevent securing good closure, fat is NOT highly vascular ( increase risk of infection

d) Risk or presence of infection, malignancies, or debilitating injuries: ( alter cellular structure and metabolism and decrease healing

e) Nutrient status: adequate protein, carbo, zinc, vit A, Bs, C and EFA ( enhance healing

f) Dehydration: affect CV, Renal, Cellular metabolism, blood oxygenation and hormone fxn( impact overall health status, surgery recovery and impair healing

g) Blood supply: compromise d/t aging, DM, hypothyroid, Raynaud’s, scleroderma, intermittent claudication (smoking, Berger’s) will slow healing.  Counter w/ contrast hydro and lymphagogues

h) Immune response: HIV, chemo, steroid, allergies, RA ( interfere w/healing

i) Chronic dz: esp. endocrine and DM are vulnerable to post surgical complications and heal less quickly

j) Drugs: corticosteroids, immunosuppressive, anti-neoplastins or radiation may impair wound healing.

C. Tissue rxn: multifilament/braided more than monofilament and natural more than synthetic. 

D. Suture size: denotes diameter of the suture material.  Always use the smallest suture compatible with the site and tension of the wound in order to minimize trauma.  Suture size is stated numerically.  More 0/s, the smaller the diameter of the strand.  For example, 6/0, 6-0, 000000 is smaller in diameter than 3/0, 3-0, 000.

E. Knot Tensile strength: the force, in lbs. which a suture strand can withstand before it breaks.  The tensile strength of the tissue to be mended predetermines the size and tensile strength that the surgeon selects.

F. Types of Suture Material:

1. ABSORBABLE: used for temporary approximation particularly for subcutaneous and mucous membranes (dentistry, obstetrics, deep skin wounds). Some are treated or chemically coated to lengthen absorption time, some are impregnated or coated with agents that improve handling properties, some are colored with FDA-approved dyes to increase visibility in the tissue. Tensile strength initially diminishes in an almost linear fashion followed by an overlap of tensile strength and suture mass loss. The degradation is a cell mediated (TH1) immune response. {TH1 response: antigen is presented (by macrophages and dendritic cells) to CD4, CD8 cytotoxic T cells and NK cells. Common herbs that activate TH1: Astragalus, Echinacea, Eleuthero, Curcumin, Panax, sitosterols}.  Fever, infection, moisture or protein deficiency may accelerate suture absorption. 

a) Natural: made from mammalian collagen, eventually digested by body enzymes, examples include:

1) “ribbons” of submucosa of sheep or beef intestine - processed strands of highly purified collagen resulting in stiff, more difficult to tie and higher possibility of a tissue rxn.

(a) plain catgut – rapidly absorbed (tensile strength for 7-10 days) – moderate tissue rxn and antigen – good for tissue that heals rapidly w/ little need for support (used for superficial vessels, mouth)

(b) Chromic catgut – treated with Chromium salts to delay absorption (tensile 2-3 weeks), less rxn but more than synthetic (used for episiotomy repairs, effective even when high likelihood of infx)

b) Synthetic: polymers which are hydrolyzed: results in a lesser degree of tissue reaction than enzymatic, very predictable rates of absorption, wide range of applications (used for abdominal and chest wound closure to ophthalmic surgery):

1. Polyglactic acid (Vicryl) – braided and monofilament; coated to allow smooth passage, tie easy, mild rxn (tensile 4-7 weeks) (used for subQ)

2. Polyglycolic acid (Dexon) – mono, 0 tissue rxn, (tensile several weeks) (used for subQ)

3. Polydioxanone (PDS) -  mono, mild rxn, (tensile up to 6 weeks) (used for subQ, body cavity and bowel)

4. Polyglyconate (Maxon) – mono, mild, smooth knots (tensile high) (first-throw holding)

2. NONABSORBABLE: used in the skin (to be removed), permanent internal placement (body 

cavities, internal structures,), also indicated for Pt w/ Hx of reaction to absorbable tissues (keloids or 

hypertrophic scars), or temporary prosthetic attachments (used for defibrillators, pacemakers, or drug 

delivery mechanisms). 

a) Metal

1) Stainless steel – mono, minimal rxn, possibility of pulling, cutting or tearing pt tissue, barbing, kinking, (tensile permanent) (used for abdominal repairs, bone approximation, tendon repair)

b) Synthetic

1) Nylon (Ethilon, Dermalon) – polymer mono, low rxn, low infx, high slip, requires more throws in knots due to “memory”, easier to use when moist  (tensile high) (used for skin, subQ, microsurgery, ophthalmology)

2) Polypropylene (Prolene) – poly mono, low rxn, low infx, lower slip, high expense (tensile high) (used for plastic surgery, skin, subQ, heart valves, contaminated and infx wounds

3) Polyester (Mersilene, Ethibond) – braided, low rxn, (tensile high) (used for CV, general and plastic surgery)

4) Polybutester (Novafil) – 

5) Skin closure strips – keloid formers, children, after subQ approximation

c) Organic fibers:

1) Silk – braided, tie easy, moderate-high infx risk, (tensile 1 yr) (used for vessel ligation, formerly used for skin)

3. Monofilament: single strand – less resistance, less infectivity, tie easily, knots may slip, crimp or break {examples include catgut, polyglactin (Vicryl), PDS, stainless steel, nylon, polyprolene)

4. Multifilament/braided: several strands braided or twisted: US Pharmacopoeia (U.S.P.) requires that each strand is substantially uniform in diameter, greater tensile strength, more pliable and flexible, less slip, more infectivity {examples include polyglactin (Vicryl), silk, stainless steel, nylon (Nurolon), polyester}

II. NEEDLES: 

Stainless steel w/silicone coating; three basic components: the attachment end ("swaged end", i.e. the attachment of the suture to the needle), the body, and the point. 

Types of Needles 

· Conventional Cutting-. not used so much anymore (cosmetic surgery) 

· Reverse Cutting: most common now for skin; cuts through tough, difficult to penetrate tissue; leaves good tissue bridge (skin, tendon sheath, oral mucosa) 

· Tapered: pierces and spreads tissue without cutting it; for easily penetrated tissue such as bowel, myocardium, fascia, muscle 

· Blunt: can dissect friable tissue as opposed to cutting it; used for friable tissues, and in deep cavities for safety considerations (liver, kidney, spleen, cervix) 
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III. USING THE NEEDLE HOLDER: 

A. Grasp the needle with the tip of the needle holder approx half way between the middle body region and the swaged end.

B. The tip of the needle holder should just cover the needle

C. The needle should be at right angles to the line of the needle holder

D. Do not ratchet the needle too tightly

E. Handle the needle and needle holder as a unit.

IV. KNOTS: 

A. General principles of knot tying: 

1. Use the simplest knot and ensure the knot is firm to eliminate slippage

2. Tie the knot as small as possible and cut the ends as short as possible

3. Avoid friction “sawing”

4. Avoid damage to the suture material (moisture)

5. Avoid excess tension

6. Do not tie sutures used for tissue approx too tightly

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

8. Make the final throw as nearly horizontal as possible

9. 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 only add to bulk

V. OTHER METHODS OF SKIN CLOSURE

A. Steri-Strips: self adhesive, apply with Benzoin

1. Can be a supplement to sutures between complicated wounds where there is excess tension or where skin edges are difficult to evert.

2. Can be left or applied after some or all sutures are removed to give extra support, particularly in areas that require early removal of sutures to prevent scarring (i.e. the face).

3. Additional advantages: Clinical evidence indicates that wounds closed with skin closure tapes may develop tensile strength faster than sutured wounds and there is superior resistance to infection of taped wounds.  Less trauma and pain, less expensive, quick, less scarring

4. Disadvantages: they do not bring deeper tissue together and they do not control bleeding; does not work in wounds under tension, moist or hairy areas, areas of motion (joints)

B.
Tissue Adhesives 

1. Cyanoacrylate tissue adhesive (Dermabond-currently the only glue FDA approved for 


surgical use). 



a.
very similar to "Krazy Glue", except sterile, doesn't contain toxic chemicals. 

b. applied with applicator in 3 thin layers; takes about 50 seconds to set, allowing time for approximating skin edges (just as important as with sutures). 

c. within 2 ½  minutes, is as strong as sutures; sloughs off of skin as wound heals, within 5-10 days. 

2. Advantages: eliminates need for both local anesthetic administration with needles, and surgical needles, therefore more painless, especially useful for kids; faster, and therefore more cost-effective; eliminates the need for follow-up, suture removal; easier to apply than sutures (though does require some skill, practice); best for facial wounds, selected areas on trunk or extremities. 

3. Disadvantages: can't use where there is excessive motion or moisture: knees, elbows, hands/feet, inside mouth, groin areas. 

C.
Skin Staples 


1.
usually only used after major surgery (i.e. abdominal); not used much in office surgery.


2.
Advantages:  fast, low risk of infection, but uncomfortable for the patient.

3.
Disadvantages:  need special staple remover. 

VI. SUTURING

A. Basic principles

1. Approximate tissue layers

2. Enter and exit the skin at right angles

3. Advance the needle in the direction of the curvature of the needle

4. Use a fine-toothed forceps to handle the skin

5. Create a slight eversion of the approximated tissue: stitch deeper than wide and wider at the bottom than top

6. Minimize tension: 

a. Deep/buried stitches

b. Undermine

c. Use more sutures

7. Symmetry

8. Rule of halves

9. Eliminate dead space when necessary

10. Use anatomical landmarks

11. Minimize the amount of time stitches remain in

B. Types of Sutures

1. Simple Interrupted Stitch:

a. Most fundamental

b. The distance between sutures should equal the length of the suture across the incision

c. Use nylon or prolene

d. Disadvantages: “railroad track”; difficult to evert
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2. Vertical Mattress Stitch:

a. Great for eversion; approximation; minimizes tension; best cosmetic result

b. Indications: wounds under tension, thick skin (palms and soles), loose skin

c. The inner stitch should b 1-2 mm form the skin edge; use nylon or prolene

d. Disadvantages:  can also cause “railroad track” scarring; time consuming
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VII. ADVANCED SUTURING

A. Deep or Buried Stitch:

1. Indications: Dead space in clean, minimally contaminated wounds (lipoma, sebaceous cysts) using as few sutures as possible.

2. Knots are inverted:  start with the needle at the bottom of the wound on the opposite side, come up.

3. Contraindications:  bacterial contamination

4. Type of suture: absorbable (Dexon, Vicryl, PDS, Maxon)

5. Type of needle: ½ to 5/8 circle reverse cutting (larger than for skin)
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Guidelines for Suture Selection and Suture Removal 

Area of Body Suture: Skin Suture: Buried Remove Skin) Face, Neck 5-0--6-0 nylon/prolene 2-6 days (3-5) 

Arms, hands 4-0--5-0 nylon/prolene 3-0--4-0 vicryl/dexon 7-10 days 

Trunk, legs, 3-0--4-0 nylon/prolene 3-0-4-0 vicryl/dexon 7-14 days feet, scalp 

--In general, use smaller suture for delicate skin (face, neck, back of hands) and where scarring is of concern, remove sooner. Use larger suture for thicker skin (scalp, back, 

trunk, palms and soles) and where scarring isn't of concern, leave in longer. 

Technique of Suture Removal 

--Grasp suture ends with smooth forceps or hemostats 

--Pull knot and suture across the axis of the closed wound 

--Cut suture as close as possible to the skin with suture removal scissors or an II-blade. (see diagrams, text) 

Suture Removal 

--Through the 4th day, the tensile strength is very slight (is dependent on the adherence of fibrin in the dermis and the epithelial bridge.) Tensile strength increases rapidly from the 5-15th day (with increased collagen formation). 

--Suture stimulates an inflammatory reaction along its track. Granulation, then epithelialization occur around the suture like a tube. Keratin is formed between 5 and 10 days. After the suture is removed the epithelium is eventually absorbed. 

--Therefore, the optimal timing of suture removal depends, in part, on these two factors. --Timing also depends on the rapidity of the wound healing ( vascularity, tendency toward edema), and the concern of scarring. 

--If removed too soon, the wound may open; if left. in too long, there is increased risk of scarring, infection. (Can remove every other stitch, reinforce with steri-strips if necessary.) 

-- The-average length of time is from 6-10 days (see chart). --Proper timing is the key to preventing scarring. 
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B. Subcuticular/Intradermal Running stitch

1. Indications: Straight lacerations with low tension, sharp, nondevitalized wound edges, low risk of subcutaneous hematoma

2. Contraindications:  jagged, high tension, bacterial contamination

3. Drawbacks:  difficult to do well, only two knots

4. Type of suture: absorbable (Dexon, Vicryl, PDS, Maxon) or nonabsorbable and pull out (Nylon, Prolene) – commonly supplemented with wound tapes

5. Type of needle: ½ to 5/8 circle reverse cutting
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C. Continuous Running Stitch (Blanket/Baseball/Locked)

1. Indications: straight > 5 cm lacerations in healthy skin that will not collapse in with suturing when time is a factor (perineum)

2. Contraindications:  high visibility wounds

3. Drawbacks:  not cosmetic, less secure (only two knots), difficult to achieve even tension and spacing, slightly difficult to remove w/ slight increased risk of infection after removal; does not allow for removal of individual stitches.

4. Type of suture: nonabsorbable  monofilament (Nylon, Prolene) – prevents infx along the length of the strand

5. Type of needle: 3/8 to ½ circle reverse cutting
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D. Three-Point or Half Buried Mattress

1. Indications: Irregular and jagged wounds with corners and flaps

2. Contraindications:  high visibility wounds

3. Type of suture: nonabsorbable  monofilament (Nylon, Prolene) – prevents infx along the length of the strand

4. Type of needle: 3/8 to ½ circle reverse cutting
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