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ABSTRACT 
 

Tumescent technique has been practiced for over twenty years 

especially in liposuction. Using tumescent local anaesthesia for 

harvesting a split thickness skin graft is not in much practise. Tumescent 

anaesthesia is a combination of crystalloid, lignocaine, adrenaline and 

sodium bicarbonate.  Adrenaline is used to harvest skin grafts due to its 

vasoconstriction effect which limits blood loss. Although adrenaline is 

widely used, its local and systemic effects vary from patient to patient. 

Lignocaine with its bacteriostatic property aids in efficient graft uptake 

on the recipient site. .. Aim of our study was to determine skin graft take 

after tumescent technique compared to non-tumescent technique for 

harvesting. 

OBJECTIVE 

1. To compare the efficacy of tumescent and non-tumescent technique 

in split skin graft. 

2. To assess age/gender differences in the two groups. 

3. To assess the percentage healing of donor sites on day 10 in both 

groups. 

4. To assess the percentage graft take on day 5 for patients who had 

harvesting done by tumescent technique and those who had non- 

tumescent technique. 



5. To assess the final outcome of non-healed donor and recipient sites 

after short term follow up of 3 weeks. 

STUDY CENTRE 

Madras Medical College and Rajiv Gandhi Government General 

Hospital, Chennai 

DURATION OF STUDY 

July 2017  to  June 2018 

STUDY DESIGN 

Observational study (prospective) 

SAMPLE SIZE 

50 

ETHICAL CLEARANCE - approved 
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INTRODUCTION 

Ulcers that are formed post wound debridement of cellulitis, 

necrotizing fascitis,  burns and trauma with a healthy granulation tissue 

are treated by split thickness  skin graft harvested from a normal 

anatomical site preferably thigh and grafted on the ulcer or recipient site. 

The success of skin graft depends on 3 factors – donor site, recipient bed 

and general condition of the patient. Graft uptake depends on graft 

nutrient uptake, vascular ingrowth from recipient bed, and postoperative  

immobility. Factors affecting graft take include seroma/ hematoma 

formation, shearing of  graft, contaminated or poorly vascularized bed, 

comorbid conditions and  smoking. Graft take is decreased in structures 

with decreased blood supply such as bone, cartilage and tendon. Wound 

bed should be vascular, free of pus and streptococcal infection. In this 

study we evaluate the use of adrenaline and lignocaine, and study its 

effect on graft take as used in tumescent technique. Tumescent technique 

is the subdermal injection of fluid containing vasoconstrictor and local 

anesthetic for harvesting a graft to reduce blood loss and improve graft 

take. 

Tumescent local anesthesia (TLA) is a combination of crystalloid, 

local anesthetic, vasoconstrictor like adrenaline and sodium bicarbonate. 

Crystalloid is used for hydrating the donor site and creating a plane for 
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harvestment. Local anesthetic has an antimicrobial activity that prevents 

infection of graft and improves recipient take. Tumescent technique has 

been evolved over the years but not used much for harvesting graft. This 

study is done to evaluate the effectiveness of graft uptake and better 

healing of donor site following tumescent application. 
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AIM AND OBJECTIVES 

 

� To compare the efficacy of tumescent and non-tumescent technique 

in split skin graft. 

� To assess age/gender differences in the two groups. 

�  To assess the percentage healing of donor sites on day 10 in both 

groups. 

� To assess the percentage graft take on day 5 for patients who had 

harvesting done by tumescent technique and those who had non- 

tumescent technique. 

� To assess the final outcome of donor and recipient sites after short 

term follow up of 3 weeks. 
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REVIEW OF LITERATURE 

SKIN ANATOMY 

Skin is the body’s largest organ, consists of epidermis, dermis and 

deeper connective tissue layer. The epidermis is a keratinized epithelium 

that is a tough horny superficial layer that provides protection to its 

underlying layers. The epidermis has no blood vessels and no lymphatics. 

The epidermis is an avascular structure and is nourished by its underlying 

vascularized dermis. 

It is made of four layers- stratum corneum, stratum granulosum, 

stratum spinosum, stratum basale. An extra fifth layer stratum lucidum is 

a condensation of lower part of stratum corneum and is present only in 

palms and soles. Most nerve terminals are in dermis but a few penetrate 

the epidermis and hence the skin is sensitive to touch, irritation (pain) and 

temperature.  

The dermis is made of papillary and reticular dermis. The dermis is 

supplied by arteries that enter its deep surface to form a cutaneous plexus 

of anastomosing arteries. Below the papillary dermis lies the superficial 

vascular plexus and below the reticular dermis lies the deep vascular 

plexus. The dermis is a dense layer of interlacing collagen and elastic 
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fibers, the fibers provide skin tone and account for the strength and 

toughness of skin. The predominant pattern of collagen fibers determine 

the characteristic tension and wrinkle line in the skin. The deeper layer of 

dermis contains hair follicle with associated smooth arrector muscle and 

sebaceous gland.  

Located between the dermis and underlying deep fascia the 

subcutaneous tissue is composed of loose connective tissue and stored fat 

and contains sweat glands, superficial blood vessels and cutaneous 

nerves. The cutaneous vessels branch at right angles to penetrate 

subcutaneous tissue and arborize in the dermis, finally forming capillary 

tufts between dermal papillae.[1] 
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A VIEW OF SKIN ANATOMY 

 

EPIDERMIS 

 

STRATUM CORNEUM 

 

The stratum corneum is composed of corneocytes, which are 

hexagonal flat cells without a nucleus, held together by lipids and 

desmosomes in what is commonly referred to as a brick-and-mortar 

structure. The diameter and thickness range from 25 to 45 �m and 

approximately 0.3-0.7 �m,    respectively[2][3]. 

The stratum corneum consists of 15-25 layers of corneocytes,[4] 

resulting in a total layer thickness of about 10-25 �m. The lipids are 

arranged in lamellar sheets, which consist of membrane-like bilayers of 

ceramides, cholesterol, and fatty acids together with small amounts of 

phospholipids and glucosylceramides. Desmosomes, also called 

corneosomes, are specialized inter-corneocyte linkages formed by 

proteins and, together with the lipids, they maintain the integrity of the 

stratum corneum. The lipids form the major permeability barrier to the 

loss of water from the underlying epidermis.  
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The stratum corneum, and viable epidermis, is continuously 

renewed within 6 to 30 days. Cells are shed from the outside and replaced 

by new ones. Changes in structure, composition and function of the 

corneocytes occur as they move toward the outer skin surface. Cells of 

the deeper layers of the stratum corneum are thicker and have more 

densely packed arrays of keratins, a more fragile cornified cell envelope 

and a greater variety of modifications for cell attachment. Consequently, 

the deeper part of the stratum corneum has a major influence on its 

overall mechanical behavior. The outer stratum corneum cells have less 

capacity to bind water. The cells in the outermost stratum corneum have a 

rigid cornified envelope and in the same area, the desmosomes undergo 

proteolytic degradation.  

Although the corneocytes are non-viable, the stratum corneum is 

considered to be fully functional, particularly in terms of barrier 

properties, and retains metabolic functions[5]. The mechanical properties 

of both stratum corneum and viable epidermis are influenced by 

environmental conditions such as relative humidity (RH) and 

temperature. In addition, topical applications of either  pure water, 

moisturizers or emollients alters the hydration state of the stratum 

corneum, significantly modifying some of its mechanical properties.  
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Under normal conditions, the hydration in the stratum corneum 

conditions varies from 5

transition with the viable epidermis. Bound water a

and lipids accounts for 20

content varies little between 30% and 60% RH, although it increases 

considerably at higher values. When fully hydrated, the stratum corneum 

swells to twice its normal thickness.

 

 

                     MORPHOLOGY OF STRATUM CORNEUM

STRATUM GRANULOSUM

The most superficial layer of the epidermis containing living cells, 

the granular layer or stratum granulosum is composed of flattened cells 
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Under normal conditions, the hydration in the stratum corneum 

conditions varies from 5-10% near the surface up to 30% near to the 

transition with the viable epidermis. Bound water associated with proteins 

and lipids accounts for 20-30% of the total water volume. The total water 

content varies little between 30% and 60% RH, although it increases 

considerably at higher values. When fully hydrated, the stratum corneum 

s normal thickness. 
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STRATUM GRANULOSUM 

The most superficial layer of the epidermis containing living cells, 

the granular layer or stratum granulosum is composed of flattened cells 

Under normal conditions, the hydration in the stratum corneum 
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ssociated with proteins 

30% of the total water volume. The total water 

content varies little between 30% and 60% RH, although it increases 

considerably at higher values. When fully hydrated, the stratum corneum 

 

MORPHOLOGY OF STRATUM CORNEUM 

The most superficial layer of the epidermis containing living cells, 

the granular layer or stratum granulosum is composed of flattened cells 
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holding abundant keratohyaline granules in cytoplasm. The granules 

contain lipids, which along with the desmosomal connections help to 

form a waterproof barrier that functions to prevent fluid loss from the 

body. These cells are responsible for protein synthesis involved in 

keratinisation. Lysosomal enzymes are present in high levels because the 

granular layer is a keratogenous zone of epidermis.  

STRATUM SPINOSUM 

Overlying basal cell layer is a layer of epidermis that is 5-10 cells 

thick and known as the squamous cell layer or stratum spinosum. This 

layer has a variety of cells with varying properties. Suprabasal spinous 

cells are polyhedral in shape and have rounded nucleus whereas the upper 

spinous cells are larger in size containing lamellar granules and are 

pushed to the surface of skin. Lamellar granules are membrane bound 

organelles containing glycoprotein, glycolipids, phospholipids, free 

sterols and a number of acid hydrolases including lipases, proteases, acid 

phosphatases and glycosidases. Hence these cells are a type of lysosomes. 

Intercellular spaces between spinous cells are bridged by abundant 

desmosomes that promote mechanical coupling between cells of 

epidermis and provide resistance to physical stresses. Gap junctions are 

another type of connection between epidermal cells. These for pores that 
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allow physiological communication via chemical signals that is essential 

in the regulation of cell metabolism, growth and differentiation. 

STRATUM BASALE 

Basal cell layer also known as stratum germinativum contains 

column shaped keratinocytes that attach to the basement membrane zone. 

Most distinguishing feature of basal cell layer is the presence of 

melanocytes that produce melanin. The basal cell layer is the primary 

location of mitotically active cells in the epidermis that give rise to cells 

of outer epidermal layers. Hyperplastic conditions such as wounding can 

increase the number of cycling cells in the epidermis by stimulating the 

division of stem cells. Carcinogenic agents damage the cells of this layer. 

Migration of basal cells from basal cell layer to corneum takes 14 days 

and from corneum to outer most epidermal layer another 14 days . 

DERMOEPIDERMAL JUNCTION 

 

The interface between the epidermis and dermis is formed by a 

porous basement membrane zone that allows the exchange of cells and 

fluid and holds the two layers together. Basal keratinocytes are the most 

important components of structures of the dermal-epidermal junction. 

The basal lamina is a layer synthesized by basal cells of the epidermis 
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consisting mainly of type IV collagen as well as anchoring fibrils and 

dermal microfibrils. The plasma membranes of basal cells are attached to 

the basal lamina hemidesmosomes that distribute tensile or shearing 

forces through the epithelium. The dermal

support for the epidermis, establishes cell polarity and direction of 

growth, directs the organization of the cytoskeleton in basal cells, 

provides developmental signals, and functions as a semipermeable barrier 

between layers. 

 

���

ng mainly of type IV collagen as well as anchoring fibrils and 

dermal microfibrils. The plasma membranes of basal cells are attached to 

the basal lamina hemidesmosomes that distribute tensile or shearing 

forces through the epithelium. The dermal- epidermal 

support for the epidermis, establishes cell polarity and direction of 

growth, directs the organization of the cytoskeleton in basal cells, 

provides developmental signals, and functions as a semipermeable barrier 

ng mainly of type IV collagen as well as anchoring fibrils and 

dermal microfibrils. The plasma membranes of basal cells are attached to 
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growth, directs the organization of the cytoskeleton in basal cells, 

provides developmental signals, and functions as a semipermeable barrier 
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DERMIS 

Dermis is an integrated system of fibrous, filamentous and 

amorphous connective tissue composed of nerves, vessels, fibroblasts, 

macrophages and mast cells. Blood borne cells like lymphocytes, plasma 

cells and leucocytes enter the dermis via vasculature. 

Its functions include 

a) Protect body from mechanical injury 

b) Bind water 

c) Aids in thermoregulation 

d) Respond to stimuli via sensory receptors Dermis interacts with 

epidermis in repairing and remodelling the skin as wounds are 

healed. They do not follow a differentiation pattern like epidermis. 

The collagen and elastic connective tissue vary in a depth 

dependent manner and undergo turnover and remodelling in normal 

skin in pathological process and in response to stimuli. 

Dermis is mesodermal in origin. During 6th week of fetal life 

dendritic cells with mucopolysaccharide form precursors of fibroblast. 

During 12th week the fibroblasts are in an active state and synthesise 

collagen and elastin. By the end of 24th week fat starts to accumulate 
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below the dermis.The principle component of dermis is collagen which is 

a major stress resistant component of skin. Elastic fibres maintain 

elasticity but to a very little extent resist deformity and tearing of the skin. 

Collagen fibres are constantly degraded by proteolytic enzymes and 

replaced by new fibres. 

Fibroblasts integrate with procollagen molecules and assemble into 

collagen fibrils. Amino acids like glycine, hydroxyproline and 

hydroxylysine highly enrich collagen. Fibrillar collagen are the most 

abundant protein of the body and form a major constituent of skin. The 

major constituent of dermis is type I collagen. Loose collagen fibres are 

located in the superficial or papillary dermis and the hefty collagen fibrils 

are located in the reticular dermis. 

Elastic fibres produce elastin. The fibroblasts fuse the elastic fibres to 

extracellular matrix of dermis. 

VASCULATURE 

The dermal vasculature is made up of two intercommunicating 

plexuses:  the subpapillary or superficial plexus composed of 

postcapillary venules found at the junction of the papillary and reticular 

dermis and the lower plexus at the dermal-subcutaneous interface. The 
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dermal papillae are supplied by capillaries, end arterioles, and venules of 

the superficial plexus. The deeper plexus is supplied by larger blood 

vessels and is more complex surrounding adnexal structures. 

MUSCLES 

The muscle fibers of the arrectores pilorum are located in the 

connective tissue of the upper dermis and are attached to the hair follicle 

below the sebaceous glands. They are situated at such an angle to the hair 

follicle that when contracted, the hair follicle is pulled into a vertical 

position, deforming the skin and causing “gooseflesh” . 

NERVES 

Nerves are found in large quantities in the neurovascular bundles. 

Meissner corpuscles that mediate touch and Pacinian corpuscles that 

mediate pressure are located in the deeper portion of dermis. Pain and 

temperature are mediated by unmyelinated nerve fibres that are around 

hair follicles and papillary dermis. 

HYPODERMIS 

The hypodermis is defined as the adipose tissue layer found 

between the dermis and the aponeurosis and fascia of the muscles. Its 

thickness varies with anatomical site, age, sex, race, endocrine and 
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nutritional status of the individual. The subcutaneous adipose tissue is 

integrated structurally with the dermis through nerve and vascular 

networks and the continuity of epidermal appendages, such as hairs and 

nerve endings. 

The bulk of subcutaneous adipose tissue is a loose association of 

lipid-filled cells, the white adipocytes, which are held in a framework of 

collagen fibers. However, only one third of adipose tissue contains 

mature adipocytes [6], with the remainder being stromal-vascular cells 

including fibroblasts, leukocytes, macrophages, and pre-adipocytes [7]. 

Adipose tissue has little extracellular matrix compared to other 

connective tissues. 

Stored fat is the predominant component of the adipocytes; where 

the lipid droplet can exceed 50 �m. The cytoplasm and nucleus appears as 

a thin rim at the periphery of the cell The diameter of the entire white 

adipocyte is variable, ranging between 30 and 70 �m. Collections of 

white adipocytes comprise fat lobules, each of which is supplied by an 

arteriole and surrounded by connective tissue septae. One or more 

capillary comes in contact with an adipocyte, which provides the 

exchange of metabolites and allows the adipocytes to function effectively. 

More importantly the subcutaneous adipose tissue of the lower trunk and 

the gluteal thigh region has a thin fascial plane dividing it into superficial 

and deep portions. 
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SKIN GRAFTS 

Skin grafting techniques date back >3000 years to India, where 

forms of the technique were used to resurface nasal defects in thieves 

who were punished for their crimes with nose amputation. Modern skin 

grafting methods include split- thickness grafts, full-thickness grafts, and 

composite tissue grafts. Each technique has advantages and disadvantages 

.Selection of a particular technique depends on the requirements of the 

defect to be reconstructed, the quality of the recipient bed, and the 

availability of donor site tissue. Skin grafts are generally classified as 

split-thickness or full-thickness grafts. When a graft includes only a 

portion of the dermis, it is called a split-thickness skin graft. When a graft 

contains the entire dermis, it is called a full-thickness skin graft. Split-

thickness skin grafts are further classified into mesh skin grafts, stamp 

skin grafts, and chip skin grafts, based on their shape [8],[9].  The amount  

of dermis included with the graft determines both the likelihood of  

survival and the level of contracture[10]. 

SPLIT THICKNESS SKIN GRAFT 

When a graft includes epidermis and a portion of the dermis it is 

called split thickness skin graft. Primary contracture is the degree to 
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which a graft shrinks following harvesting and before grafting. Primary 

contraction is the immediate  recoil of freshly harvested grafts as a result 

of the elastin in the dermis. The more dermis the graft has, the more 

primary the contraction that will be experienced. Secondary contracture, 

involves contraction of a healed graft and is probably a result of 

myofibroblast  activity. Secondary contracture is the degree to which 

graft shrinks during healing. Amount of dermis determines the chances of 

contracture. So split thickness skin graft has less primary contracture, 

more secondary contracture and more chances of healing. They have a 

high graft take even in poorly vascularized bed. Thin grafts, however, 

tend to heal with abnormal pigmentation and poor durability compared 

with thick split grafts and full-thickness grafts. Grafts are meshed in order 

to increase surface area and useful especially when a large area has to be 

resurfed. Meshed grafts have better survival because the fenestrations 

allow for egress of wound fluid and excellent contour matching of the 

wound bed by the graft. The fenestrations in meshed grafts reepithelialize 

by secondary intention from the surrounding graft skin. The major 

drawbacks of meshed grafts are poor cosmetic appearance and high 

secondary contraction. Meshing ratios used usually range from 1:1.5 to 

1:6 
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FULL THICKNESS SKIN GRAFT 

When a graft contains epidermis and the entire dermis it is full 

thickness skin  graft. It is associated with less secondary contracture, 

better cosmetic appearance and higher durability. Full thickness grafts are 

used in areas that are highly vascularized like face and palms. They are 

used in reconstructing superficial wounds of the face and the hands. 

COMPOSITE GRAFT 

Composite tissue grafts are donor tissue containing more than just 

epidermis and dermis. They commonly include subcutaneous fat, 

cartilage and perichondrium, and muscle. These grafts are used for nasal 

reconstruction as the nasal lobule skin is thick and following its excision, 

reconstruction with a full thickness skin graft may not be sufficient. The 

ear lobe composite graft provides thicker coverage with good color match 

and a fairly inconspicuous donor site.   

 Similarly, the root of the helix of the ear may also  be used to 

reconstruct the alar rim, providing skin coverage and cartilaginous 

support. 
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CLASSIFICATION OF SKIN GRAFT 
 

TYPE DESCRIPTION THICKNESS 

SPLIT THICKNESS Thin (Thiersch-Ollier) 0.006–0.012 

 Intermediate 

(Blair-Brown) 

0.012–0.018 

 Thick (Padgett) 0.018–0.024 

FULL THICKNESS Entire dermis (Wolfe- 

Krause) 

Variable 

COMPOSITE Full-thickness skin 

with additional tissue 

(cartilage, fat, muscle) 

Variable 

 

PROPERTIES OF SKIN GRAFT 

The donor site epidermis regenerates from the immigration of 

epidermal cells originating in the hair follicle shafts and adnexal 

structures left in the dermis. In contrast, the dermis never regenerates. 

Because split-thickness skin grafts remove only a portion of the dermis, 

the original donor site may be used again for a subsequent split-thickness 

skin graft harvest. Thus, the number of split-thickness skin grafts 

harvested from a donor site is directly dependent on the donor dermis 

thickness. Although donor sites heal by re-epithelialization, there is 

always visible evidence that an area was used as a donor site. This can 
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vary from keloids to simple hyper- or hypopigmentation. Less 

conspicuous donor sites are the buttocks or scalp. 

An ungrafted wound bed is essentially a healing wound which, left 

alone, will undergo the typical processes of granulation, contraction, and 

reepithelialization to seal its surface. When a skin graft is placed on a 

wound bed, these processes are altered by the presence of graft.[11]. The 

response of a skin graft after placing it on the graft bed was similar to 

response of skin to chemical or physical injury. The changes in wound 

healing brought about by the skin graft can also be described as a general 

adaptation of connective tissue to a diminished blood supply[12]. 

HISTOLOGICAL AND BIOCHEMICAL ASPECTS OF 
GRAFT 

During the first four days post grafting there is increased activity in 

the graft epithelium which causes doubling in thickness, crusting and 

scaling. This is due to the following process –  

1) swelling of the epithelial nuclei and cytoplasm,  

2) epithelial migration towards surface of graft,  

3) altered mitosis of glandular and follicular cells.  
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On the third day there is increased mitotic activity in the epidermis and 

on the fourth day there is increased proliferation and thickness of the graft 

followed by desquamation. There is increased cellular turnover that 

causes increased thickness of the epithelium. The upper layer of 

epithelium exfoliates and is replaced by newly formed upwardly 

migrating follicular epithelial cells. By the end of fourth week post graft 

epithelial thickness will return to normal pre graft state. Histochemical 

analysis shows increased alteration in RNA content on the fourth day 

which is increased greatly in the basal layer of epithelium paralleling the 

hyperactivity of epithelial cells. This is due to increased protein synthesis 

as a result of rapid cellular proliferation. By the end of day ten RNA 

return to normal[13]. 

CELLULAR COMPONENTS OF DERMIS 

The source of fibroblast in skin still remains obscure. It is believed 

that they are not obtained from indigenous fibrocytes. There is a fall in 

number in the first 3 days after grafting. The remaining fibrocytes lay in 

two layers, one in dermoepidermal junction and the other lies just above 

host bed. After three days fibroblast like cells appear in the graft bed 

initially and then the graft itself. By day 7 fibroblast and enzymatic 

activity increases due to capillary ingrowth and vascular supply.[14] 
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Most of the collagen in an autograft persists through the 40th day. 

Studies have  shown that split-thickness and full thickness skin autografts 

undergo  considerable collagen turnover[15][16]. The dermal collagen 

became hyalinized by the third or fourth day postgraft, and by the seventh 

day all of the collagen was replaced by new small fibers. The replacement 

continued through the 21st post graft day, and by the end of the sixth 

week postgraft all the old dermal collagen was replaced completely. The 

rates of collagen turnover and epithelial hyperplasia peaked 

simultaneously in the firs t2–3 weeks postgraft. Studies have shown 

higher levels of hydroxyproline in the graft peaked in the 21st day 

indicating increased collagen activity. Elastin fibers in the dermis are 

responsible for the resilience of skin. Elastin fiber integrity is maintained 

through the third postgraft day, but by postgraft day 7 the fibers are short, 

stubby, and have begun to fragment. Elastin degeneration continues 

through the third postgraft week until new fibers can be seen beginning to 

grow at 4–6 weeks postgraft. This replacement process is the same in 

full- and split thickness skin grafts[17] 

Although both full- and split-thickness skin grafts demonstrate 

sebaceous gland activity, thin split thickness grafts do not contain 

functional sebaceous glands and typically appear dry and brittle after 

take. Hair follicles are subjected to the same hyperplastic stimuli as the 

rest of the graft. On the fourth day postgraft the original hair sloughs off 

and the graft becomes hairless. 
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SKIN GRAFT ADHERENCE 

For the skin graft to take, it must adhere to the bed. There are two 

phases of graft adherence. The first begins with placement of the graft on 

the recipient bed, to which the graft adheres because of fibrin deposition. 

This lasts approximately 72 hours. The second phase involves ingrowth 

of fibrous tissue and vessels into the graft. 

MESHED VERSUS SKIN SHEET GRAFT 

Multiple mechanical incisions result in a meshed skin graft, 

allowing immediate expansion of the graft. A meshed skin graft covers a 

larger area per square centimeter of graft harvest and allows drainage 

through the numerous holes. Meshed skin grafts result in a “pebbled” 

appearance that, at times, is aesthetically unacceptable. In contrast, a 

sheet skin graft has the advantage of a continuous, uninterrupted surface, 

often leading to a superior aesthetic result, but has the disadvantages of 

not allowing serum and blood to drain through it and the need for a larger 

skin graft. 
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.PROCESS OF GRAFT TAKE 

Multiple physiological events take place in the graft take process. 

The success of a graft depends primarily on the extent and speed at which 

vascular perfusion is restored to this parasitic, ischemic tissue. Two 

factors influence graft take one is the vascularity of the harvested site and 

the second is the metabolic activity of the harvested graft which 

determines its capacity to withstand a period of  ischemia. 

Skin graft take occur in three phases –  

1) plasmatic imbibition  

2) inosculation and capillary ingrowth 

3) revascularization 

PLASMATIC IMBIBITION 

The first phase involves a process of serum imbibition and lasts for 

24 to 48 hours. Initially, a fibrin layer forms when the graft is placed on 

the recipient bed, binding the graft to the bed. Absorption of nutrients into 

the graft occurs by capillary action from recipient bed. The graft is 

ischemic for an undetermined period of time that varies according to the 

wound bed, 24 hours for a graft placed on a bed that is already 

proliferative. 48 hours for a graft covering a fresh wound. Grafts placed 
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on poorly vascularized beds will be ischemic for a longer time than those 

placed on wounds with good blood supply. Full thickness skin graft seem 

to tolerate ischemia for up to 3 days. Split-thickness grafts take well even 

after 4 days of ischemia.[18] 

Phase of plasma imbibition make the graft to become edematous 

and gain weight upto 40 percent of its pre graft weight[19]. This occurs 

due to fluid movement from the bed and follows the same principle as 

inflammatory edema which includes 

1. disaggregation and depolymerization of proteoglycans, 

2. accumulation of osmotically active metabolites 

3. increased vascular permeability.[20][21] 

INNOSCULATION AND CAPILLARY INGROWTH 

A fine vascular network is established in the fibrin layer between graft 

and recipient bed by the end of 48 hrs. the capillary bud of recipient 

blood vessels come in contact with the graft capillaries and channels are 

formed and blood flow occurs. The graft now appears pink. Delay in 

inosculation is due to  

1) insufficient vascular proliferation 

2) wound contamination 
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REVASCULARISATION 

Three theories have been put forth to explain revascularization 

1) connection of graft and host vessels 

2) formation of a new vascular channel 

3) combined old and new vessels 

CONNECTION OF GRAFT AND HOST VESSELS 

After innosculatory event, the definitive vasculature of the graft 

consists of the blood vessels originally present in the graft itself[22]. The 

circulation is restored after it starts communicating with the vessels of the 

recipient bed. This was proved by injecting Indian ink via the host vessels 

of autograft and on postoperative day 2 ink was noted on the graft vessels 

FORMATION OF NEW VASCULAR CHANNEL 

This theory suggest that the graft is perfused by new vessels going 

from the recipient bed into the transplanted graft[23][24]. A study was 

done based on diaphorase activity. Degenerative changes in the original 

graft vasculature were apparent in the first 4 days postgraft, as evidenced 

by progressive loss of diaphorase activity during this time. With 

subsequent vessel ingrowth there was return of diaphorase activity. 
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Hence, concluded that the final vasculature of graft stemmed from 

ingrown vessels from the host bed[25][26]. 

COMBINED OLD AND NEW VESSELS 

Circulation in a graft is reestablished in various ways; that is, in 

any graft old vessels maybe recycled and new ones may grow to variable 

degrees. These two pathways to restore circulation to ischemic tissue may 

occur simultaneously or as consecutive stages in the interaction between 

the graft and its bed[27] 

There are two methods of skin graft revascularization 

1) primary 

2) secondary 

PRIMARY REVASCULARIZATION 

Circulation in the skin graft is reestablished through vascular 

anastomosis between budding new vessels from the bed and those already 

present in the graft. Following this the graft turns pink which indicates 

graft survival. The old vessels of the graft are dilated and denervated and 

some of the circulatory routes are severed during graft harvest. Blood 

vessels of the graft, both arteries and veins attach to the recipient bed 

which are predominantly afferent vessels. This causes trapping of blood 
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and tissue fluid which is unable to return to the recipient bed due to 

absence of reverse flow. By  4th to 7th day vascular connections are well 

established with both afferent and efferent vessels[28]. 

SECONDARY NEOVASCULARISATION 

When the vascular connection between the bed and the graft are 

delayed secondary revascularization occurs. Under normal condition 

vasoactive agents responsible for ingrowth of vessels cease to function 

and capillary proliferation stops as good blood flow is established. If 

ischemic time is more, then the vasoactive agents remain in the tissue for 

longer time thereby causing newer number of capillaries to grow into 

graft. If vascular connection is well established it inhibits the formation of 

newer capillary bud and viceversa.  

Within the graft itself the vessels may be functionally deficient or 

the vascular ingrowth may not reach the required level of biologic 

activity for the inosculatory event. If anastomosis fail to develop in time, 

the ischemic period is extended and capillary proliferation in the bed 

continues. Degenerative processes in the graft and exuberant granulation 

tissue in the host bed go hand in hand with prolonged ischemia. If blood 

vessels reach the graft in time, the graft will survive; if not, the graft will 

fail. 
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Anastomosis is delayed due to 

1) increased distance between the graft and its bed from interposed 

necrotic  material, a thick fibrin layer, 

2) hematoma,  

3) seroma,  

4) air bubbles. 

Grafts that heal by secondary intention are smooth, fibrotic, tight, and 

have a slick, silvery sheen on the surface reflecting the large amount of 

cicatrix within the graft. Large grafts often heal both by primary and 

secondary revascularization, and certain areas show the typical 

appearance and desquamation where the secondary process occurs. 

SELECTION OF DONOR SITE 

The selection of a graft donor site is based on three factors:  

1) whether a full-thickness skin graft or a split-thickness skin graft is 

used         

2) whether the donor site matches the recipient bed in color 

3) potential morbidity of graft harvest at that site. 

Donor site should be similar to the recipient site in terms of 

consistency, thickness, color, and texture[29].Common donor sites for 

full-thickness skin grafts of the head and neck include the postauricular 

region, anterior auricular region, nasolabial crease, supraclavicular 
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region, eyelids, and neck. Split-thickness skin grafts may be taken from 

any area of the body, including the scalp. The donor site of a split-

thickness skin graft is frequently scarred or discolored. When taking a 

graft from a hair-bearing region, it is important to take a thin graft, 

because thicker split-thickness grafts will contain undesired hair follicles 

and eventually lead to hair in the graft and hair loss in the donor 

site[30][31]. 

GRAFT SIZING 

Techniques for sizing skin grafts usually involve preformed 

templates of easily available materials, such as cardboard and latex. A 

simple and reproducible technique consists of placing cardboard on the 

wound to develop a blotter pattern. The cutout is then applied over the 

donor site, traced with a marking pen, and a graft of the outlined area is 

resected. 

GRAFT EXPANSION 

Meshing is the term used for cutting slits into a sheet graft and 

stretching it open prior to transplantation. Meshed grafts have a number 

of advantages over sheet grafts:  



� ���

(1) meshed grafts will cover a larger area with less morbidity than non-

meshed grafts 

(2) the contour of the meshed graft can be adapted to fit in a regular 

recipient bed 

(3) blood and exudate can drain freely through the interstices of a 

meshed graft;  

(4)  in the event of localized bacterial contamination, only a small area 

of meshed graft will be jeopardized;  

(5) a meshed graft offers multiple areas of potential 

reepithelialization[32] 

A small ratio of expansion 1:1.5 and pulling the graft lengthwise to 

narrow the  skin perforations to slits before transplantation lessens these 

problems[33][34]. 

GRAFT ADHERENCE 

Two distinct phases of graft adherence occur. 

Phase 1 begins immediately after grafting and lasts about 72 hours. 

During this time the graft remains adherent to the bed through the bond 

formed by the fibrin layer.  

Phase 2 coincides with the onset of fibrovascular   in growth and vascular 

anastomosis between the graft and the host.[35] 
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GRAFT HEALING 

Graft on removal from donor site is initially white but on placing it 

over the recipient bed it becomes pink ensuring graft survival. There is 

blanching on pressure with prompt capillary refill. At first graft surface is 

below the level of normal skin but by the end of 3th week it comes back 

to same level.  

Collagen replacement begins in the 7th postoperative day and is 

completed in about 6 weeks[36]. There is abundance of 

polymorphonuclear lymphocytes and monocytes. Vascular remodeling in 

the graft  may take many months. Newer vessels in the graft show great 

arborization than those in normal skin. Lymphatic connection is also 

established within 6th postoperative day[37]. 

GRAFT CONTRACTURE 

Wound contraction is a critical part of wound healing and is 

clinically useful because it reduces wound size. A contracted wound is 

often tight and immobile and there is distortion of surrounding normal 

tissue. The degree of graft contraction can be manipulated somewhat by 

adjusting the thickness and proportion of dermis in the graft. Greater the 

portion of dermis, lesser is the chance of  contracture. 
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Primary contracture  

It is the degree to which a graft shrinks following harvesting and 

before grafting. Primary contraction is the immediate recoil of freshly 

harvested grafts as a result of the elastin in the dermis. The more dermis 

the graft has, the more primary the contraction that will be experienced. 

So split thickness skin graft has less primary contracture, more secondary 

contracture and more chances of healing[38][39]. 

Secondary contracture 

It involves contraction of a healed graft and is probably a result of  

myofibroblast  activity. Secondary contracture is the degree to which 

graft shrinks during healing. Amount of dermis determines the chances of 

contracture. The contracture inhibiting effect of dermis depends on the 

percentage of dermis included in the graft with greater portion of dermis 

showing greater inhibition. The graft does not prevent the formation of 

myofibroblasts,  

but rather speeds up completion of their lifecycle and eventual 

disappearance. STSG cause a rapid decline in the number of 

myofibroblasts, and wounds contract less than comparable non grafted 

sites[40]. Full-thickness grafts trigger an even faster decrease in the 

myofibroblast population, and wounds show minimal contraction 



� ���

GRAFT REINNERVATION 

Nerves grow into skin grafts from wound margins and the graft 

bed. Human skin grafts begin to show sensory recovery at 4–5 weeks 

postoperatively. The return of normal sensation is usually complete by 

12–24 months[41]. The extent of reinnervation depends on how 

accessible the neurilemmal sheaths are to the invading nerve fibers, more 

accessible in full thickness skin graft. 

GRAFT FAILURE 

A meticulous surgical technique contributes greatly to the survival of a 

skin graft. Particular attention should be paid to ensuring 

• atraumatic graft handling 

• a well-vascularized, scar-free bed 

• careful hemostasis and removal of accumulated 

• blood before dressing the wound 

• postoperative immobilization of the graft recipient 

• site 

• use of a tourniquet during graft harvest and 

• transfer 

• no proximal constricting bandages 
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COMMON CAUSES OF GRAFT FAILURE 

1) Hematoma 

2) Infection  

3) Seroma in areas with rich lymphatic supply 

4) Excess use of electrocautery 

5) Gravitational dependency 

6) Arterial insufficiency 

7) Lymphatic stasis 

8) Venous congestion 

9) Surgeons error 

10) High bacterial load 

11) Streptococcal infection 

Dirty wounds had high bacterial counts and increased levels of 

active plasmin.  High plasmin and proteolytic enzyme activity was 

generally seen in wounds contaminated with beta-hemolytic streptococci 

and various species of Pseudomonas. The presence of fibrin under 

autografts was associated with success in graft take and the absence of 

fibrin was associated with graft failure. This finding suggested to the fact 

that dissolution of fibrin by plasmin and proteolytic enzymes is the 

probable mechanism in graft failure secondary to microorganisms[42]. 
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Low dose erythromycin along with vitamin c supplementation promotes 

healing. Abstinence from alcohol consumption and cigarette smoking is 

essential. 

SKIN GRAFT DONOR SITE DRESSING 

• SEMIOPEN  

o Fine mesh gauze – scarlet red 

o Vaseline gauze 

o xeroform 

o Biobrane 

• OCCLUSIVE 

o Duoderm 

• SEMIOCCLUSIVE 

o Op site 

o Tegaderm  

• BIOLOGIC 

o Autograft 

o Allograft 

o Xenograft 

o Amniotic fluid membrane 

o Cultured keratinocyte cells 
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TUMESCENT ANESTHESIA 

 TUMESCENT local anesthesia (TLA) is a technique that provides 

anesthesia of large areas of skin and subcutaneous tissue by means of the 

direct infiltration of large volumes of a dilute local anesthetic solution 

into subcutaneous fat. The injection of such large volumes of fluid 

produces swelling and firmness (tumescence) of the surgical area[49]. 

Tumescent contains lidocaine that results in   paralysis of sensory nerve 

endings and minute nerve twigs that result in reduction of pain. 

Tumescent technique significantly reduced intraoperative blood loss. It is 

safe, inexpensive and easy to use.  

The subdermal adrenaline/saline injection creates a smooth, tense 

surface which assists debridement and donor harvesting[50]. In the 

preparation of the tumescent solution, the commonest catecholamine used 

is adrenaline. The effect of adrenaline on the skin is mainly mediated by 

its binding alpha adrenergic receptors leading to vasoconstriction and 

cutting off blood supply to the skin. As epinephrine is used to control 

bleeding from vasoconstriction, it is likely that it causes transient hypoxia 

of the skin. If this hypoxia is prolonged it could lead to reduced skin graft 

survival and also delay healing at the donor site when tumescent 

technique is used for harvesting STSG. The use of the TLA technique 
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results in lower blood loss because of the presence of vasoconstrictor in 

the solution, and the separation of tissue planes by the injective, allowimg 

the surgeon to have an improved plane of dissection[51][52]. 

Adoption of tumescent technique in STSG has been low due to 

inadequate information on the viability of the graft especially after using 

adrenaline. The tumescent local solution was prepared on the day of 

surgery in the operating room, immediately before surgery, and consisted 

of 0.05% (0.5 mg/ml) or 0.1% (1 mg/ml) lidocaine and 10 mEq/l sodium 

bicarbonate in lactated Ringer’s solution with 1:1,000,000 epinephrine. 

The maximum dose of lidocaine was set at 7 mg/kg, corresponding to 7 

ml/kg for 0.1% dilution and 14 ml/kg for 0.05% dilution[55]. The 

concentration was decided on the basis of the surgical site: the wider the 

surgical site is, the lower the concentration is and the larger the volume 

is. Infiltration was performed using a manual technique with a syringe 

alone, both for harvesting the skin graft and for the burn excision. The 

solutions were warmed in an incubator adjusted at 37°C. If the infiltration 

of tumescent local solution produced a peaud’orange appearance of the 

overlying skin, surgery was started after a minimum of 15 min to avoid 

undermining of skin graft due to the vasoconstrictive property of 

epinephrine combined with the hydrostatic pressure within a superficial 
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tissue plane[57]. If the surgical site was in proximity to the fingers, toes, 

or penis, then a solution without epinephrine was used. 

Tumescent local anesthesia solution has been reported to have 

antibacterial effects due to lidocaine’s bacteriostatic properties, which are 

enhanced by the addition of sodium bicarbonate and the washout effect of 

the solution commonly used in TLA[58]. 

LIGNOCAINE 

Lidocaine is a class 1 B antiarrhythmic agent, which is mainly used 

for the treatment of ventricular arrhythmias. Since its advent in 1948, it 

has also become the most commonly used local anesthetic in the 

outpatient setting. Miscalculation of the dose, injection of the drug into a 

blood vessel or repeated administration of therapeutic doses are the major 

causes of systemic toxicity [67-68]. Lidocaine works by binding voltage-

gated sodium channels thus inhibiting the propagation of action potential. 

The main target organs are the central nervous system (CNS) and the 

cardiovascular system (CVS). Since the CNS is more sensitive to 

electrophysiological changes than CVS changes, neurological symptoms 

such as dizziness, tinnitus and peri-oral numbness usually precede 

cardiovascular manifestations .Therapeutic concentrations of lidocaine 

can be up to 5.5 milligrams per liter (mg/L), whereas a plasma level of 8-
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12 mg/L and above is associated with CNS and cardiotoxicity [69]. The 

most critical aspect of local anesthetic is appropriate dosing. The 

recommended maximum dose for subcutaneous infiltration of lidocaine 

without epinephrine is 4.5 milligrams per kilogram (mg/kg) and for 

lidocaine with epinephrine is 7 mg/kg 

SODIUM BICARBONATE 

When the acidic local anesthetic solution is injected into healthy 

tissue, buffers within the tissue fluids will neutralize the solution towards 

the physiologic pH, favoring the formation of more membrane-crossing 

base form [70,71]. This mechanism can be complicated by the presence 

of acute inflammation. This may limit the formation of the non-ionized 

base form of the local anesthetic as the formation of the cation will be 

favored in more acidic conditions. The local anesthetic will essentially be 

trapped in the ionized form and less free base form will be available to 

penetrate the nerve, delaying the onset of anesthesia and possibly limiting 

it altogether [72]. It would be advantageous to have a local anesthetic that 

could counteract the limitations of the low pH levels associated with 

areas of inflammation.  

Buffering of local anesthetics has been described in the literature. 

Buffered local anesthetics would have a higher pH and perhaps be more 

efficient in achieving pain control, particularly during painful procedures 
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such as incision and drainage. The theory behind buffering of local 

anesthetics is logical according to the Henderson-Hasselbalch equation: if 

a local anesthetic solution is buffered to a pH that is closer to its pKa, 

more of the free base form will be available upon injection to enter the 

nerve sheath, potentially resulting in faster onset and improved efficacy 

[75-78]. The most common method for buffering of local anesthetics is 

by the addition of sodium bicarbonate. Addition of sodium bicarbonate to 

local anesthetics has been examined pharmacologically.  

A commonly recommended dilution of local anesthetic to 8.4% 

sodium bicarbonate is 10:1 to create a final sodium bicarbonate 

concentration of 0.1 mEq/mL [76] Concern has been raised about 

precipitation of the solution occurring if too much sodium bicarbonate is 

added and the pH is raised too high. The addition of sodium bicarbonate 

to local anesthetics not only will increase the pH of the solution, but will 

also result in the production of carbon dioxide and water carbon dioxide 

potentiated the action of local anesthetics by showing that in the presence 

of carbon dioxide, nerve conduction blockade was significantly greater 

than in its absence.  

Studies [79] suggest that carbon dioxide acts by increasing the flow 

of local anesthetic into the nerve and demonstrated that the addition of 

carbon dioxide to lignocaine shortened the time to onset and spread of 

analgesia by 20% to 30% in epidural anesthesia. Some other studies 
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explain the effects of carbon dioxide and concluded that its role in 

potentiating local anesthesia was related to either direct effects on the 

nerve membrane or by indirect action on intracellular pH. It was also 

concluded that carbon dioxide potentiates local anesthesia by three 

mechanisms: a direct depressant effect of carbon dioxide on the axon, by 

concentrating local anesthetic inside the nerve trunk, and by decreasing 

the pH inside the nerve which will allow a greater conversion of 

anesthetic to its active cation form once inside the membrane   

Diffusion trapping occurs as carbon dioxide enters the nerve and 

lowers the internal pH, resulting in a concentration gradient favoring the 

flow of free base local anesthetic into the nerve. Once the free base form 

enters the nerve, the low internal pH results in rapid ionization of local 

anesthetic to its cation form, effectively “trapping” the anesthetic inside 

the nerve [81].  

CLINICAL EFFECT OF TUMESCENT LOCAL ANESTHESIA 

A. Tumescent Local Anesthesia 

B. Hemostasis – Vascular Constriction & Compression 

C. Hydro-Dissection of Tissue  

D. Heat Sink  

E. Bactericidal  

F. Drug Delivery System  
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G. Hypodermoclysis (Systemic Delivery of Crystaloid Fluids)  

A) Tumescent Local Anesthesia 

• Long Lasting (Extremely Slow Systemic Absorption)  

• Profound (No Sedation Required)  

• Requires – Skilled Infiltration – Knowledge of 

Pharmacology, Drug Interactions 

B) Tumescent Hemostasis 

• Vasoconstriction (pharmacologic: epinephrine/adrenaline)  

• Vasocompression (hydraulic: hydrostatic pressure)  

• Profound surgical hemostasis 

• Affects Veins & Capillaries  

• Potent �- and �-adrenergic agonist  

• Principal site of action: small arterioles & precapillary 

sphincters  

• Vasoconstriction in the capillaries 

• Vasodilation in skeletal muscles and pulmonary vasculature 

C) Mechanical vascular compression 

• Physical (Space-Occupying) Effects of TLA Solution  

• Transvenous Pressure Outside Interstitial > Inside 

Hydrostatic  

• Decreases Radius of Vessels. 

•  
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D) Hydro-Dissection of Tissue  

• Expansion of natural subcutaneous tissue spaces  

• Physical separation of adjacent anatomical structures 

(separation target tissue from vulnerable or innocent by-

stander tissues)  

E) Thermal Sink  

• Thermal insulation of vulnerable tissue  

• Water absorbs eat  

F) Bactericidal effects of lidocaine[111,112] 

• Bacteriostatic in an Acid Solution  

• Bacteriocidal in a Neutral Solution  

• 10 meq of Na Bicarbonate/Liter 

• Perioperative infection rate is decreased 

G) Hypodermoclysis[washing, drenching]  

• Injection of fluids under the skin for systemic replacement of 

fluids for acute or chronic dehydration (cholera or end stage 

cancer).  

• IV Fluids requirement is decreased. 

ADVANTAGES  

1. Anesthesia of wide areas of the body  

2. Simple and safe method  

3. Hydrodissection as a surgical tool  
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4. Low bleeding 

5. Improved in hematoma resorption  

6. Long duration of the effect of local anesthetic 

7. prolonged postoperative analgesia  

8. Antibacterial effect. 

DISADVANTAGE 

(1) TLA fluid may go into the surgical site 

(2) performing infiltration is time-consuming 

(3) it may be associated with more difficult identification of bleeding 

sources 

 

PREPARATION OF TUMESCENT SOLUTION 

The tumescent technique has evolved substantially since the 

method was first published in 1987.33 The use of an even more dilute 

lidocaine solution, 0.05% instead of 0.1%, permits greater tumescence 

with better vasoconstriction and more uniform anesthesia. The addition of 

sodium bicarbonate to the anesthetic solution minimizes the pain of 

infiltration[79].  Prior to using sodium bicarbonate in the local anesthetic 

solution, the stinging-burning pain of infiltration was enough to 

necessitate the use of IV sedation and narcotic analgesia. With the use of 

sodium bicarbonate (12.5 mEq/L) to neutralize the pH of the anesthetic 
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solution, the tumescent technique does not require IV sedation or narcotic 

analgesia. 

EFFECT OF ADRENALINE 

The vasoconstrictive effect of epinephrine to the tumescent 

solution has three consequences 

1) limitation of bleeding  

2) contribution to prolonging the anesthetic effects of lidocaine; 

3) slowing and delay of lidocaine absorption. 

 
Tumescent Technique Anesthetic Solutions 
Preparation 
 
Lidocaine   500 mg (50 ml of 1% lidocaine solution) 
 
Epinephrine   1 mg (1 ml of 1:1,000 solution of epinephrine) 
 
Sodium bicarbonate 12.5 mEq (12.5 ml of an 8.4%  NaHCO3  
solution 
 
Normal saline  1000 ml of 0.9% NaCl solution 
 

Because of the minimal blood loss associated with the tumescent 

technique and because of the large volumes of normal saline infiltrated 

into fat, routine IV fluid replacement is not necessary. 

The concentration and volume of the solution may differ on the 

basis of the size of the surgical site: the wider the surgical site is, the 
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lower the concentration is and the larger the volume is. TLA has been 

reported to produce analgesia for a duration of up to 18 h. The maximum 

safe dose for TLA of 55 mg/kg  lidocaine[80]. 

It is prudent to measure blood pressure before infiltrating the 

solution, even in patients with not referred hypertension. It is advisable to 

make a compressive dressing to prevent late bleeding and to review the 

patient the next day to check possible hematoma. 

 

 

 

 

 

 

 



�

INSTRUMENT USED

Klein needle connected to a 10cc syringe and tumescent local 

anesthesia infusion bag via a three way canula

An assembled device: [A] tubing coming from the bag with
valve preventing backflow to the bag, [C] stopcock three
be open in all directions, [D] syringe [E] valve preventing aspiration 
back from 

 

          This system has proven to be cheap, simple, and easy to use

implement. The disadvantage of using three way tap is that it

concurrent actions: pumping action using then plunger of the syringe and 

coordinated turning of the

from the infusion bag or inject it into the patient
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INSTRUMENT USED 

Klein needle connected to a 10cc syringe and tumescent local 

infusion bag via a three way canula  

An assembled device: [A] tubing coming from the bag with
valve preventing backflow to the bag, [C] stopcock three way
be open in all directions, [D] syringe [E] valve preventing aspiration 

This system has proven to be cheap, simple, and easy to use

The disadvantage of using three way tap is that it

concurrent actions: pumping action using then plunger of the syringe and 

turning of the stopcock tap in order to either aspirate fluid 

infusion bag or inject it into the patient[83-86]. 

Klein needle connected to a 10cc syringe and tumescent local 

 

An assembled device: [A] tubing coming from the bag with  fluid, [B] 
way tap that has to 

be open in all directions, [D] syringe [E] valve preventing aspiration of fluid 

This system has proven to be cheap, simple, and easy to use and 

The disadvantage of using three way tap is that it requires two 

concurrent actions: pumping action using then plunger of the syringe and 

stopcock tap in order to either aspirate fluid 
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MATERIAL AND METHOD 

 

SAMPLE SIZE    50 CASES 

STUDY DESIGN   OBSERVATIONAL (PROSPECTIVE) 

STUDY POPULATION   50 CASES 

STUDY PERIOD    JULY 2017 TO JUNE 2018 

STUDY CENTRE  MADRAS MEDICAL COLLEGE AND 

RAJIV GANDHI GOVERNMENT 

GENERAL HOSPITAL 

AIM AND OBJECTIVE 

�� To compare the efficacy of tumescent and non-tumescent technique 

in split skin graft. 

 

�� To assess age/gender differences in the two groups. 

 
�� To assess the percentage healing of donor sites on day 10 in both 

groups. 

 
�� To assess the percentage graft take on day 5 for patients who had 

harvesting done by tumescent technique and those who had non- 

tumescent technique. 

 
�� To assess the final outcome of non-healed donor and recipient sites 

after short term follow up of 3 weeks 
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SUBJECT SELECTION 

INCLUSION CRITERIA 

1. Patients aged 18-65 years with no comorbid conditions and who 

gave consent to participate in the study. 

2. Patients with clean wounds prepared for grafting. 

EXCLUSION CRITERIA 

1. Patients with comorbid conditions (HTN, Diabetes, Liver disease, 

Renal failure, malignancies, vasculitis, HIV/AIDS, PEM) 

2. Patient with albumin levels < 30 g/dl, Hemoglobin level < 10 g/dl 

3. Patients who refused or were unable to give consent. 

4. Patient with known allergy to adrenaline. 

5. Pus swab growing beta-hemolytic streptococcus, citrobacter and 

acinobacter. 

6. Patients who were currently smoking and had stopped smoking less 

than six months. 

7. Patients with chemical and electrical burns. 

METHODOLOGY 

All Patients who fit the inclusion criteria will be observed and 

following data collected 

1. Routine blood investigations 
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    - Hemoglobin 

    - Total WBC count 

2. HIV tests 

3. Surface area of raw site to be grafted will be traced and approximated.  

4. Pus swab test 

5. A test dose of  lignocaine and adrenaline is given 

6. Comparative study is done on the same patient with a graft being 

harvested without tumescent technique and the next graft being harvested 

with tumescent technique. 

All collected data will be analyzed and conclusions derived 

 

 

PROCEDURE 

Patients who fulfilled the inclusion criteria were recruited for the 

study. The aim of the study was to compare the effectiveness of 

tumescent anesthesia with non tumescent technique for harvesting split 

thickness skin graft and check  for better graft take on day 5, better donor 

site healing on day ten and overall  effectiveness after 3 weeks. Routine 

blood investigation along with hiv testing was done. Wound swab was 

taken and the procedure was commenced only after swab was found to be 
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negative. Anesthetic fitness was obtained. A test dose of lignocaine and 

adrenaline is given.  

The tumescent local solution was prepared on the day of surgery in 

the operating room, immediately before surgery, and consisted of 0.1% (1 

mg/ml) or  0.05% lidocaine and 10 mEq/l sodium bicarbonate in lactated 

Ringer’s solution with 1:1,000,000 epinephrine. The concentration was 

decided on the basis of the surgical site: the wider the surgical site is, the 

lower the concentration is and the larger the volume is. Infiltration was 

performed using a manual technique with a syringe and Klein needle. 

Spinal anesthesia was given to the patient as all the cases in the 

following study involve the lower limb. Surface area of raw site to be 

grafted was traced using a sterile gauze. Graft donor site was prepared  

Tumescent local anesthesia was taken in a 10 ml syringe connected to 

Klein needle using three way canula and injected intradermally and 

subdermally over the donor site. Raised surface was formed and graft 

harvesting was commenced after 10 minutes. Graft was harvested from 

donor site after lubricating with vaseline and stabilizing the leg using 

Humby’s knife and downe blade. Meshing of the graft was done and 

recipient site was prepared. Graft was placed on the raw site and fixed 

with monocryl. Bactigras dressing was done and limb was immobilized 

with POP. Tight dressing of donor site was done was. The recipient site 
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was analysed on day 5 for take rate and the donor site on day 10 for 

percentage healing. 

 
  

 

 

Harvesting graft from donor site following  

  tumescent and non tumescent technique 

 



� �	�

 

 

MESHING OF GRAFT 
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HUMBY KNIFE 
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POST OPERATIVE DRESSING WITH     BACTIGRAS 
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Non tumescent                   tumescent 
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TUMESCENT                          NONTUMESCENT 
 
 

DONOR SITE ON DAY 10 
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DATA AND ANALYSIS 
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DATA AND ANALYSIS 
 

The collected data were analysed with IBM.SPSS statistics 

software 23.0 Version.To describe about the data descriptive statistics 

frequency analysis, percentage analysis were used for categorical 

variables and the mean & S.D were used for continuous variables. To find 

the significant difference between the bivariate samples in dependent 

groups the Paired sample t-test was used. For the multivariate analysis of 

repeated measures the Repeated measures of ANOVA  was used with 

Bonferroni correction to control the type I error on multiple comparison. 

In all the above statistical tools the probability value .05 is considered as 

significant level.  

 

 

 

P - 
Value ** Highly Significant at P � .01 

P -Value # No Significant at P >.050 
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FREQUENCY TABLES
 

  
 Upto 35 yrs

36 – 45   yrs

46 – 55   yrs

56 - 65   yrs

Total 

 
   
 

 
Majority of the patients taken for study belonged to the age 
group of 36-45yrs
 

���

���
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����

����
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FREQUENCY TABLES 

AGE 

Frequency Percent
Upto 35 yrs 5 

45   yrs 24 

55   yrs 16 

65   yrs 5 

 50 

  

Majority of the patients taken for study belonged to the age 
45yrs 

  

���������� ���� ������ ���� ������ ���� ������

��������	�
������

Percent 
10.0 

48.0 

32.0 

10.0 

100.0 

 

Majority of the patients taken for study belonged to the age 

������
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 Female

Male 

Total 
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SEX 

Frequency Percent
Female 17 

33 

 50 

  

����	�����	�
����

��� ��� � ���

Percent 
34.0 

66.0 

100.0 
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 BURNS

TRAUMATIC

UNKNOWN BITE

Total 

 
  
 
 

 
 
 
 Most common cause of raw area in this study was traumatic
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CAUSE OF  ULCER 

Frequency Percent
BURNS 3 

TRAUMATIC 37 

UNKNOWN BITE 10 

50 

Most common cause of raw area in this study was traumatic

  

�������������	

���� �� �  �!" �#�$ % � ��!�&

Percent 
6.0 

74.0 

20.0 

100.0 

 

Most common cause of raw area in this study was traumatic 
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 ANKLE AND 

FOOT 
DORSUM OF 
FOOT 
LEG 
LEG AND FOOT

PLANTAR 
ASPECT OF 
FOOT 
THIGH 
Total 

 
 
 
 
 

 
 
 
 
 
 
 
 

 �#'&� �( ��$ $ �

($ ��� �$ ���$ $ �

'&) � �( ��$ $ �

*' �� �� �*&"��$ ���$ $ �

�
�

AREA TO BE GRAFTED 
Frequency 

ANKLE AND 8 

DORSUM OF 14 

13 
LEG AND FOOT 5 

PLANTAR 
ASPECT OF 

4 

 6 
50 

��� ��� ���� ���� ���� ����

 �#'&� �( ��$ $ �

($ ��� �$ ���$ $ �

'&)

'&) � �( ��$ $ �

*' �� �� �*&"��$ ���$ $ �

�+!)+

�	������
���	�����

Percent 
16.0 

28.0 

26.0 
10.0 

8.0 

12.0 
100.0 
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T- TEST 
 
    

Paired Samples Statistics 

  Mean N 
Std. 

Deviation 
Std. Error 

Mean 
Pair 1 TT D5 97.10 50 3.655 .517 

NTT D5 94.40 50 1.641 .232 

Pair 2 TT D10 99.50 50 1.515 .214 

NTT D10 95.00 50 0.000 0.000 

Pair 3 TT W3 97.40 50 3.232 .457 

NTTW3 97.40 50 3.534 .500 

 
The mean value of the patients who’s graft was harvested with tumescent 
showed better results (97.10%) on day 5 and faster donor site healing 
(99.50) on day 10. The final outcome at the end of 3 weeks was same for 
both TT and NTT. 
  

Paired Samples Test 

  

Paired Differences 

t df 
Sig. (2-
tailed) Mean 

Std. 
Deviation 

Std. 
Error 
Mean 

95% 
Confidence 

Interval of the 
Difference 

Lower Upper 
Pair1 TT D5 - 

NTT D5 
2.700 3.382 .478 1.739 3.661 5.645 49 .0005 

Pair2 TT D10 - 
NTT D10 

4.500 1.515 .214 4.069 4.931 21.000 49 .0005 

Pair3 TT W3 - 
NTTW3 

0.000 2.259 .319 -.642 .642 0.000 49 1.000 

   
On comparing the result on day 5 and day 10 between tumescent 

and non tumescent technique p value was .0005 and found to be 
significant. Hence tumescent technique had better results.  
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There was no statistical significance with the results after 3 week 
with both techniques.
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    5th 
DAY 
 

  10th 
DAY 
 

    3 Week

���

There was no statistical significance with the results after 3 week 
both techniques. 
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               TT                NTT 

             97.10               94.40 

               TT                 NTT 

             99.50               95.00 

                TT                 NTT         

3 Week              97.40               97.40 

There was no statistical significance with the results after 3 week 
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GENERAL LINEAR MODEL FOR TUMESCENT 

TECHNIQUE 

WITHIN SUBJECT FACTOR      

TT 

Dependent 

Variable 

1 TTD5 

2 TTD10 

3 TTW3 

 

Descriptive Statistics 

  Mean Std. Deviation N 

TT D5 97.10 3.655 50 

TT D10 99.50 1.515 50 

TT W3 97.40 3.232 50 

 

TUMESCENT TECHNIQUE 

5th DAY 97.1O 

10th DAY 99.50 

3 WEEKS 97.40 
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Measure: MEASURE_1

Within 

Subjects 

Effect 

Mauchly's 

W 

TT .967 

 
 
Tests the null hypothesis that the error covariance matrix of the 
orthonormalized transformed dependent variables is proportional to an 
identity matrix. 

a. Design: Intercept  
b. Within Subjects Design: TT. May be used to adjust the degrees of 

freedom for the averaged tests of significance. Corrected tests are 
displayed in the 
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Mauchly's Test of Sphericitya 

Measure: MEASURE_1 

 

Approx. 

Chi-

Square df Sig. 

Epsilon

Greenhouse-

Geisser 

 1.630 2 .443 .968 

Tests the null hypothesis that the error covariance matrix of the 
orthonormalized transformed dependent variables is proportional to an 

Design: Intercept   
Within Subjects Design: TT. May be used to adjust the degrees of 
freedom for the averaged tests of significance. Corrected tests are 
displayed in the tests of within subjects effects on table.

��,�(�� ���,�(�� ��-�% ��.

��� ��������� �! ��

 

Epsilonb 

Huynh-

Feldt 

Lower-

bound 

 1.000 .500 

Tests the null hypothesis that the error covariance matrix of the 
orthonormalized transformed dependent variables is proportional to an 

Within Subjects Design: TT. May be used to adjust the degrees of 
freedom for the averaged tests of significance. Corrected tests are 

tests of within subjects effects on table. 

��-�% ��.



� ���

 
Tests of Within-Subjects Effects table. 
 
 
 

 
 
 
 
 
 
 
 
 

Measure: MEASURE_1 

Source 

Type 

III Sum 

of 

Squares df 

Mean 

Square F Sig. 

TT Sphericity 

Assumed 

171.000 2 85.500 12.977 .0005 

Greenhouse-

Geisser 

171.000 1.935 88.355 12.977 .000 

Huynh-Feldt 171.000 2.000 85.500 12.977 .000 

Lower-

bound 

171.000 1.000 171.000 12.977 .001 

Error(TT) Sphericity 

Assumed 

645.667 98 6.588     

Greenhouse-

Geisser 

645.667 94.834 6.808     

Huynh-Feldt 645.667 98.000 6.588     

Lower-

bound 

645.667 49.000 13.177     
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ESTIMATED MARGINAL MEANS  - TUMESCENT TECHNIQUE 
 
 

Estimates 

Measure: MEASURE_1 

TT Mean 

Std. 

Error 

95% 

Confidence 

Interval 

Lower 

Bound 

Upper 

Bound 

1 97.100 .517 96.061 98.139 

2 99.500 .214 99.069 99.931 

3 97.400 .457 96.481 98.319 
 
 

Pairwise Comparisons 

Measure: MEASURE_1 

(I) 

TT 

Mean 

Difference 

(I-J) Std. Error Sig.b 

95% Confidence 

Interval for Differenceb 

Lower 

Bound 

Upper 

Bound 

1 2 -2.400* .558 .0005 -3.782 -1.018 

3 -.300 .483 1.000 -1.496 .896 

2 1 2.400* .558 .000 1.018 3.782 

3 2.100* .497 .0005 .869 3.331 

3 1 .300 .483 1.000 -.896 1.496 

2 -2.100* .497 .000 -3.331 -.869 

 
Based on estimated marginal means 
*. The mean difference is significant at the .05 level. 
b. Adjustment for multiple comparisons: Bonferroni. 
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GENERAL LINEAR MODEL FOR NON TUMESCENT 

TECHNIQUE 

 
Within-Subjects Factors 
 

 
 
 

Measure: MEASURE_1 

NTT Dependent Variable 
1 NTTD5 

2 NTTD10 

3 NTTW3 

 
 
 

Descriptive Statistics 

  Mean Std. Deviation N 
NTT D5 94.40 1.641 50 

NTT D10 95.00 0.000 50 

NTTW3 97.40 3.534 50 

 
 
 
 

NON TUMESCENT TECHNIQUE 
5th DAY 94.40 

10th DAY 95.00 

3 WEEKS 97.40 
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Tests the null hypothesis that the error covariance matrix of the orthonormalized 
transformed dependent variables is proportional to an identity matrix.
a. Design: Intercept  
 Within Subjects Design: NTT
b May be used to adjust the degrees of freedom for the averaged tests of significance. 
Corrected tests are displayed in the Tests of Within
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Measure: MEASURE_1

Within 

Subjects 

Effect 

Mauhy’

W 

NTT .498

�	�

 

Tests the null hypothesis that the error covariance matrix of the orthonormalized 
transformed dependent variables is proportional to an identity matrix.

Within Subjects Design: NTT 
adjust the degrees of freedom for the averaged tests of significance. 

Corrected tests are displayed in the Tests of Within-Subjects Effects table.

��,�(�� ���,�(�� ��-�% ��.

����� ��������� �! ��

                         Mauchly's Test of Sphericitya 

Measure: MEASURE_1 

Mauhy’s

Appro

x. Chi-

Square df Sig. 

Epsilon

Greenho

use-

Geisser 

.498 33.454 2 .000 .666 

 

Tests the null hypothesis that the error covariance matrix of the orthonormalized 
transformed dependent variables is proportional to an identity matrix. 

adjust the degrees of freedom for the averaged tests of significance. 
Subjects Effects table. 

��-�% ��.

Epsilonb 

Huynh-

Feldt 

Lower-

bound 

.677 .500 
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Tests of Within-Subjects Effects 

 
 

Measure: MEASURE_1 

Source 

Type III 
Sum of 
Squares df 

Mean 
Square F Sig. 

NTT Sphericity 
Assumed 

252.000 2 126.000 31.025 .000 

Greenhouse-
Geisser 

252.000 1.332 189.240 31.025 .000 

Huynh-Feldt 252.000 1.355 186.003 31.025 .0005 
Lower-bound 252.000 1.000 252.000 31.025 .000 

Error(NTT) Sphericity 
Assumed 

398.000 98 4.061     

Greenhouse-
Geisser 

398.000 65.250 6.100     

Huynh-Feldt 398.000 66.386 5.995     
Lower-bound 398.000 49.000 8.122     
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ESTIMATED MARGINAL MEANS – NON TUMESCENT 
TECHNIQUE 
 

 
 

Estimates 
Measure: MEASURE_1 

NTT Mean Std. Error 

95% Confidence Interval 
Lower 
Bound 

Upper 
Bound 

1 94.400 .232 93.934 94.866 
2 95.000 0.000 95.000 95.000 
3 97.400 .500 96.396 98.404 

 
 
 
 
 

Pairwise Comparisons 
Measure: MEASURE_1 

(I) 
NTT 

Mean 
Difference 

(I-J) Std. Error Sig.b 

95% Confidence 
Interval for Differenceb 
Lower 
Bound 

Upper 
Bound 

1 2 -.600* .232 .038 -1.175 -.025 
3 -3.000* .429 .0005 -4.062 -1.938 

2 1 .600* .232 .038 .025 1.175 
3 -2.400* .500 .0005 -3.639 -1.161 

3 1 3.000* .429 .000 1.938 4.062 
2 2.400* .500 .000 1.161 3.639 

Based on estimated marginal means 
*. The mean difference is significant at the .05 level. 
b. Adjustment for multiple comparisons: Bonferroni. 
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DISCUSSION 
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DISCUSSION 

Ulcer or raw area that is formed due to tauma, wound debridement 

of necrotising fscitis or burns is treated with a skin cover using split 

thickness skin graft technique. STSG harvesting can be done under 

tumescent anesthesia to reduce the blood loss associated with graft 

harvesting and is found to give early and  better uptake of graft on 

recipient site. But tumescent anesthesia for STSG is not much in practise. 

This study is aimed at showing better and early graft uptake on the 

recipient site and better healing on the donor site. The patients selected 

were in the age group of 18-65 years with no comorbid conditions 

patients with clean wounds prepared for grafting. Both the techniques 

were practiced on the same patient with one graft taken with tumescent 

anesthesia and other without it there by reducing the other confounding 

factors. 

The commonest site of raw area was mostly dorsum of foot 

followed by leg. The graft was harvested from the thigh. . In our study we 

found that the skin graft take rate was 97.10%(3.9) in the tumescent 

group of patients and 94.40%(3.8) in the non tumescent group of patients. 

This showed in fact that tumescent technique gave better skin graft take 

rates. 
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However we wish to point out that the grafts were monitored 

relatively on day 5. In both groups the donor site had healed by day 10 

(99.50% and 95% respectively).  Tumescent technique was found to be 

superior on the donor site. By the end of 3 weeks both techniques showed 

similar results.  Tumescent technique had better outcome and we 

postulate that there could be less hematoma/seroma formation on grafted 

site, bacteriostatic property of lignocaine maintained an aseptic 

environment under the graft. 

CHALLENGES 

The infusion of tumescent was done manually by hand. Inadequate 

analgesia at time of opening the wounds could have led to loss of a few of 

the skin grafts. We recommend adequate analgesia or sedation at that 

time of opening grafted wounds 
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CONCLUSION 
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CONCLUSION 

Based on the following study conclusion is made that harvesting graft 

with tumescent technique give better take results and donor site healing 

compared to non tumescent technique non tumescent technique. The 

effect of  both techniques at the end of 3 weeks was found to be the same. 

hence tumescent technique is considered superior except for the 

challenges faced.  
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INFORMATION SHEET 

TITLE:“COMPARITIVE STUDY OF GRAFT TAKE AFTER 

HARVESTING WITH TUMESCENT AND NON-TUMESCENT 

TECHNIQUE.” 

Name of Investigator:  Dr. VAISHNAVI .V  

Name of Participant: 

Purpose of Research: To improve graft take rate after harvesting. 

Study Design: Observational Prospective Study. 

Study Procedures: Patient will be subjected to physical examinations of raw 

sites, to determine surface area to be grafted. Routine lab investigations, 

complete haemogram, HIV test, LFT and pus swab tests will be analyzed. 

Possible Risks: No risks to the patient 

Possible benefits: 

To patient : A better understanding of their problem so as to devise a plan of 

management which suits their needs. 

To doctor & to other people:  Based upon the study, graft take rate can be 

improved. This will help in providing better treatment to other patients in 

future. 

Confidentiality of the information obtained from you: The privacy of the 

patients in the research will be maintained throughout the study. In the event of 

any publication or presentation resulting from the research, no personally 

identifiable information will be shared. 
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Can you decide to stop participating in the study: Taking part in this study 

is voluntary. You are free to decide whether to participate in this study or to 

withdraw at any time 

How will your decision to not participate in the study affect you: Your 

decision will not result in any loss of benefits to which you are otherwise 

entitled. 

 

 

Signature of Investigator         Signature of Participant 

 

Date : 

Place : 
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PATIENT CONSENT FORM 

 

Study Detail : “COMPARITIVE STUDY OF GRAFT TAKE AFTER 

HARVESTING WITH TUMESCENT AND NON-

TUMESCENT TECHNIQUE.” 

Study Centre : Rajiv Gandhi Government General Hospital, Chennai. 

Patient’s Name :  

Patient’s Age :  

In Patient Number :  

Patient may check (�) these boxes 

� I confirm that I have understood the purpose of procedure for the 

above study. I have the opportunity to ask question and all my 

questions and doubts have been answered to my complete 

satisfaction. 

� I understand that my participation in the study is voluntary and that I 

am free to withdraw at any time without giving reason, without my 

legal rights being affected. 

� I understand that sponsor of the clinical study, others working on the 

sponsor’s behalf, the Ethics committee and the regulatory authorities 

will not need my permission to look at my health records, both in 

respect of current study and any further research that may be 

conducted in relation to it, even if I withdraw from the study I agree 

to this access. However, I understand that my identity will not be 

revealed in any information released to third parties or published, 
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unless as required under the law. I agree not to restrict the use of any 

data or results that arise from this study. 

� I agree to take part in the above study and to comply with the 

instructions given during the study and faithfully cooperate with the 

study team and to immediately inform the study staff if I suffer from 

any deterioration in my health or wellbeing or any unexpected or 

unusual symptoms. 

� I hereby consent to participate in this study 

� I hereby give permission to undergo complete clinical examination 

and diagnostic tests including hematological, biochemical, 

radiological tests and to undergo treatment 

 

Signature/thumb impression     Signature of Investigator 

Patient’s Name and Address              Study Investigator’s Name 

        Dr. VAISHNAVI. V 

 

�  



� ���

 

QUESTIONNAIRE  
 
 
Study Number _____________________  
 
 
Date ______________________________  
 
 
Age ________yrs 
 
 
Gender: Male ____ Female _______  
 
 
Occupation__________________________  
 
 
When did you get injured? 
 
 
What caused the injury? 
 
 
When have been told you are going to theatre  
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QUESTIONAIRE 

 

PATIENT DETAILS: 

 

Name:     Age:   Sex:   

 

IP No: 

Occupation: 

 

ON ADMISSION: 

PRESENTING COMPLAINTS: 

 

 

ASSOCIATED COMPLAINTS: 

 

CAUSE OF RAW AREA -  ( ) TRAUMATIC  ( ) UNKNOWN BITE  ( ) 
BURNS 

 

CLINICAL EXAMINATION: 

Pulse:      BP: 

RR:      Temp: 

Pallor:                Icterus: 

CVS:      RS: 

P/A:      CNS: 
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INVESTIGATIONS: 

 

CBC: Hb %        TC:        DC:                                    Platelets: 

RBS:            Urea:           Creatinine:            Na+:                 K+: 

Bilirubin:                    SGOT:     SGPT:      SAP:      T.Protein:      S. Albumin: 

Pus Swab C/S:  

Area to be grafted ( ) cm2   Amount of tumescent solution used in cm3 

Area to be grafted: Face ( )  Trunk ( )  Upper Limb ( )  Lower limbs ( )  Others 
specify 

 

 

 

 

TREATMENT 

OPERATIVE MANAGEMENT:  SPLIT SKIN GRAFT 

Intra OP findings: 

OUTCOMES 

Day 5 Recipient Site, Take % 

Day 10 Donor Site, Healing % 

FOLLOW UP: 

Final outcome after 3 weeks 
 

Complication +/- 
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