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CHAPTER I 

Introduction 

Each year over two million Americans sustain thermal injuries 

requiring hospitalization. Approximately seven thousand of these 

will succumb to their injury. Thermal injury e.vokes multiple 

systemic responses, the magnitude of which is determined by the 

size and extent of the burn wound itself. Long term hospitalization 

and multiple surgical procedures are often required to sustain life 

and promote recovery. Thus, major burns are recognized as the most 

severe form of trauma that Man can suffer. 

The complex disease process produced by a major thermal injury 

is complicated by many factors. The most significant complicating 

factor is infection of the burn wound, which is directly related to 

over 50% of burn deaths today. Many methods of combating infection 

have been used throughout the years with varying results. A degree 

of success in combating burn wound infection and sepsis was first 

seen with the use of systemic antibiotics and topical chemotherapeutic 

agents. A new method of administering antibiotics directly into the 

burn wound by subeschar clysis is currently being used when other 

methods prove ineffective. Clinical investigation of this method of 

administration is needed to evaluate its efficacy in treating wound 
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infection. Determining the pattern of drug absorption from the 

subeschar space, using gentamicin as a prototype, provides the basis 

for futher evaluative studies of this new method of administration. 

Statement of Problem 

The problem of this study was to measure time related 

absorption and excretion levels of gentamicin in serum and urine 

following subeschar administration. 

Purposes 

The purposes of this study were: 

1. To detennine the rate of absorption from the wound and 

the blood level obtained from that absorption following 

a single dose of a known quantity of gentamicin. 

2. To determine if the pattern of absorption and excretion 

would vary in relation to the age of the burn wound and 

vascular changes on the second and fifth-days posthurn .. 

Background and · Significance 

Infection is the most important unsolved problem in the. area of 

thermal injury. Despite efforts to control infection in the burn 

wound with. topical chemotherapeutic agents and systemic antibiotics·, 

massive infection and sepsis are directly related to over .50% of· 

burn deaths today. In addition, infec t:i.on accounts for 28% of the 

total number of complications experienced by burned patients (Felle.r 1973). 



-3-

Skin which is damaged or destroyed by thermal injury loses its 

effectiveness as a barrier against infection and, in effect, becomes 

a culture medium well suited for bacterial growth. and proliferation 

(Artz 1969). The pathogenesis of burn wound sepsis was demonstrated 

by Teplitz and Moncrief (1961) as progressive bacterial colonization 

of the burn wound with subsequent invasion of ad:jacent normal tissue. 

By the fifth postburn day, wounds are densely colonized by microorganisms 

from the body and from external environmental sources (Artz and 

Moncrief 1969). 

Bacterial concentration and distribution in the burn wound can 

be determined by the quantitative burn wound biopsy culture technique 

introduced by Loebl et al. (1974). This culture technique provides 

for constant monitoring of the concentration of intraeschar bacteria 

and thus becomes a predicitve measure to accurately detect, quantitate, 

and eva:lua te the progression of burn wound infection. 

Once infection is documented, the problem becomes one of 

treatment. Due to coagulation necrosis and thrombosis of vessels 

within and beneath the area of injury, systemic antibiotics and 

topical chemotherapeutic agents fail to achieve and maintain 

sufficient concentrations in devitalized tissues that would inhibit 

or prevent bacterial growth. As the limitations of current methods· 

of treatment are recognized, the urgent need for new and better 

methods of preventing and treati_ng burn wound infection becomes 

evident to all members of the health care team~ The professional 
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nurse in this highly specialized field recognizes the need for 

improved methods of assessing and caring for the burn wound on a 

daily basis. As the person directly responsible for daily care 

of the burn wound and the ongoing observation for sign~ and symptoms 

of infection, the nurse plays an important role in the investigation 

of new techniques of wound management. 

One new method of treating established wound infection is the 

administration of antibiotics directly into the burn wound by 

subeschar clysis. In 1966 Baxter demonstrated that lethal wound 

infection in experimental laboratory animals could be altered by 

injecting antibiotics directly into the avascular burn wound. This 

method of antibiotic administration is currently being used in 

patients demonstrating bacterial growth of 105 log concentration 

or greater as determined by the quantitative burn wound biopsy 

culture technique (Baxter 1973). No attempt has yet been made to 

measure serum antibiotic levels achieved in burned patients through 

the use of the subeschar route of administration. 

Gentamicin, a broad spectrum aminoglycoside, is frequently 

used for subeschar clysis. Through the use of laboratory assays, 

concentrations of gentamicin in various biologic fluids can be 

accurately measured (Mahon et al. 1973, Holmes and Sanford 1974). 

Gentamicin levels attained in serum and urine following intramuscular 

and intravenous administration are documented in the literature 

(McHenry et al. 1971, Cutler et al. 1972). The amount of gentamicin 

absorbed from the subeschar space and the serum levels obtaine.d from 
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that absorption have not yet been measured. By measuring gentamicin 

levels in serum and urine following subes char administration, the 

pattern of absorption and excretion can be described. This descriptive 

study will then provide the basis for further investig~tion of such 

areas as the techniques of administration, nursing responsibility in 

administering subeschar drugs, and the evaluation· of the effectiveness 

of subeschar antibiotics in combating burn wound infection. 

Hypotheses 

For the purpose of this study, the null hypotheses were: 

1. There is no difference in the rate and level of gentamicin 

absorption by the blood from the interface tissue at 1 hour, 

3 hours, 6 hours, and 12 hours following administration by 

subeschar clysis. 

2. There is no difference in the amount of gentamicin measured 

in the urine in 24 hours and 48 hours following administration 

by subeschar clysis. 

3. There is no difference in the level of maximum gentamicin 

absorption for the second and fifth days postburn. 

Definition of Terms 

The definitibns of terms used in this study were as follows: 

1. Burn Patient - a male or female adult patient having a 

25 to 60% total body surface area thermal injury. 
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2. Total Body Surface Area (TBSA) - percentages of the entire 

body surface area; estimated in order to adequately describe 

the extent of the burned area which is expressed in percent 

TBSA. 

3. Third Degree or Full Thickness - thermal necrosis of the 

epidermis and dermis; tactile and pain sensibility are 

destroyed. 

4. Eschar - the nonviable skin of a full thickness burn which 

forms a shell-like covering of the wound. 

5. Subeschar Clysis - the instillation of sterile physiologic 

normal saline containing antibiotics under the eschar 

between the viable and nonviable tissues. 

6. Quantitative Burn Wound Biopsy Culture - a method of 

sampling the burn wound eschar through viable tissue, for 

a quantitative bacterial count. 

7. Burn Wound Infection - bacterial colonization of the wound 

greater than 104 log concentration as determined by the 

burn wound biopsy culture technique (Loebl et al. 1974a). 

8. Burn Wound Sepsis - bacterial colonization of the burn 

wound greater than 105 log concentration as determined by 

the burn wound biopsy culture technique (Loebl et al. 1974a). 

9. Radioinnnunoassay - a rapid, sensitive, and highly specific 

assay which measures gentamicin in biologic fluids through 

the use of tritiated gentamicin which competes for binding 

sites on a special antibody to gentamicin. 
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10. Tritiated Gentamicin - gentamicin labeled with radioactive 

tritium. 

11. Enzymatic Assay for Gentamicin - an enzymatic assay designed 

to measure gentamicin quantitatively in seru~ and other biologic 

fluids through the use of a crude enzyme from Escherichia coli 

W677/HJR66 which adenylates gentamicin in the presence of 

adenosine triphosphate. 

Limitations 

The limitations for this study were: 

1. The early postburn period was the only time uncomplicated 

by infection when the subeschar method of antibiotic 

administration can be studied. 

2. The age and depth of the burn wound may influence the 

absorption of subeschar drugs. 

Delimitations 

The delimitations for this study were: 

1. The population was composed of patients, ages thirty to 

sixty years, having a 25 to 65% TBSA burn wound. Twenty 

percent or more of each patient's wound was· full thickness. 

2. Each patient in the population had normal renal function 

as documented by serum creatinine levels on admission and 

throughout the study period. 
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3. The study population was composed of patients who did not 

require heparin, kanamycin, or tobramycin during the study 

period since these drugs may interfere with the assays for 

gentamicin. 

4. No gentamicin, other than that given by subeschar clysis 

on the second and fifth days post burn; was administered 

to the population being studied. 

5. Patients receiving heparin, kanamycin, or tobramycin were 

not included in the patient sample since these drugs 

interfere with the laboratory assays for gentamicin. 

Sunnnary 

Chapter I presented rationale to support the need for clinical 

investigation of new methods to combat burn wound infection. The 

importance of infection as a complicating factor of burn injury was 

stressed. The development of a technique to accurately moni_tor 

wound infection and the use of the subeschar route of antibiotic 

administration may open new doors for investigation. This study 

was designed as the first basic descriptive study in a series of 

investigations which are needed to evaluate. the effectiveness of 

antibiotics administered by the subeschar route. 

Chapter II, Review of Literature, is composed of a review of 

literature relating to burn wound infection and methods of treatment 

over the past decade. The pharmacokinetics of gentamicin, the 

antibiotic used in this study, will be presented with a discussion 
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of the radioimmunoassay and the enzymatic assay which are used 

to measure gentamicin concentrations in biologic fluids. Chapter III, 

Procedure for Collection and Treatment of Data, contains a description 

of the locale, population, methodology, and procedure for the analysis 

of data obtained. Chapter IV presents the analysis of data. Chapter V 

contains the summary, conclusions, implications,·and recommendations 

of this study. 
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CHAPTER II 

REVIEW OF LITERATURE 

Introduction 

Throughout history fire has been an essential tool which 

helped Man on the path toward civilization. With fire, Man 

learned to prepare food, make weapons, and clear the land of 

brush. Fire provided warmth and light. The importance of fire 

in the ancient world is emphasized by Aristotle's inclusion of 

fire as one of the four basic elements of life. With Man's use 

of fire came injuries caused by fire. Throughout the years, burn 

injuries have been associated with long term illness and high 

mortality. Even now in a modern technological age, fire remains 

both a blessing and a threat to mankind. 

Each year more than two million Americans sustain injuries 

caused by fire. Two hundred thousand of these require medical 

a.ttention and seventy thousand require hospitalization. Between 

seven thousand and nine thousand deaths occur (Feller 1973). 

Historically, burn injuries are one of the most serious and most 

neglected fonns of trauma known to Man .. The significance of th.is 

type of injury is reflected not only in the high mortality rate, 

but also in the long term hospitalization and rehabilitation for 

survivors of a major burn injury. 
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The ·Role of the Professional Nurse in Burn Care 

To provide the specialized care needed by patients experiencing 

a major thermal injury, burn units and centers are being established 

in many areas. Such facilities provide care only for burned patients 

and emphasize teaching and research in addition to quality patient 

care. Currently in the United States, approximately one hundred 

out of six thousand general hospitals provide specialized burn care 

(Feller 1973). To effectively meet the complex needs of the patient 

suffering a major thermal injury, a multidisciplinary team approach 

is required. 

Konigova (1976:137) cites "technical skill, scientific knowledge 

and human understanding" as necessary prerequisites for adequately 

treating the stressful, and often long term, burn illness, Although 

these qualities have long been recognized as desirable in the physician, 

it is now time to recognize the importance of having th~se same 

qualities in the professional nurse (Fitzwater 1976). As the role 

of the specialized burn nurse evolves, it becomes evident that 

the nurse functions as a unique member of the health care team. (Kenner 

and Marvin 1975). The professional nurse utilizes the. nursing process 

to convert technical skill, scientific. knowledge, and human unders·tanding 

into comprehensive individualized patient care. Fitzwater states: 

The nurse in this highly specialized field must 
understand the pathophysiology of burns and burn 
problems and have special preparation in the care 
of the burn. patient as well as basic knowledge and 
skill in the management of shock, infection, 
respiratory distress, metabolic and nutritional 
problems, cardiac disturbances ., kidney disorders, 
orthopedic problems and emotional disturbances. (19 76: 4 7) 
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Hall (1964) defined professional nursing as a process of 

complex helping relationships dealing with health and disease 

processes in the individual. She described the three aspects 

of the process related to the patient as person core, body care, 

and disease cure. The aspect termed "body care" is viewed as the 

unique area which belongs to nursing alone. It is within this 

realm that the professional nurse is described as the "comforter", 

providing intimate bodily care through the use of nursing art and 

the related natural and biological sciences. The areas of "person 

core" and "disease cure" are shared by many health professions. The 

helping aspect of nursing, involving the therapeutic use of self as 

related to the social sciences, is applied within the realm of the 

"person core". Hall further explained the medical aspect of nursing 

as the utilization of pathological and therapeutic sciences to 

assist the patient and family through the medical plan of care. 

This occurs in the realm of "disease cure". It is this area which 

lends itself to exploration as the role of the specialized burn 

nurse evolves. 

The problem of infection and the importance of nursing observations 

related to infection are well documented in the literature. (Taylor 1975, 

Fitzwater 1976). Fitzwater (1976:50) states, "The greatest responsibility 

of the nurse, after the patient has sustained the initial injury, is 

preventing infection." Patients experienci.ng thermal injury are among 

those that Taylor describes as being especially prone to gram-negative 

sepsis and septic shock. Feller and Archambeault (1973) discuss- the 
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need for nursing observation and assessment of wound appearance, 

mental status, body temperature, blood pressure, white cell count, 

and gastrointestinal motility as indicators of infection. Through 

recognition of infection as a cardinal problem and accurate. 

assessment of the clinical parameters of infection, the nurse 

formulates a plan of care to assist in limiting infect:i.on to the 

degree possible. Based on the knowledge that the burn wound is 

frequently colonized within forty-eight hours postburn, the goal 

becomes one of preventing hospital-acquired infection and limiting 

wound infection to the degree possible (Fitzwater 1976). 

As a member of the health care team, the burn nurse becomes 

acutely aware of the need for research in better methods of monitoring 

and treating burn wound infection. In specialized units where 

research is an integral part of patient care, the professional nurse 

may participate in research involving nursing or the medical and social 

sciences. Kenner and Marvin (1975:23) cite the need for the nurse 

to be able to function as the primary investigator pr as a research 

associate and state that "progress in clinical research endeavors 

would be enchanced by the active participation of knowledgable 

practitioners." Nursing literature discusses the problem of burn 

wound infection and the importance of nursing assessment and wound 

monitoring. Studies evaluating the current methods of treatment or 

investigating new methods of wound care are not reported in the area 

of nursing research. Thus, the investigation of new- methods of 

treating burn wound infection becomes a research priority for the total 

health care team. 
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Depth of Burn Injury 

The varying depth of thermal burns was recognized as early 

as 1697 by Guilhemus Fabrucius Hildanus, the father of German 

surgery, as involving three degrees of tissue destruction. ·In 1853 

Gerdy recognized that the size or extent of the burn wound as well 

as the depth determined the prognosis of the illness (Artz 1970). 

Pruitt and Curreri (1973:133) describe the depth and severity of 

the burn wound as "a function of the burning agent, temperature 

during exposure, and the duration of exposure." Various methods 

of classifying burn wound depth have been used over the years. 

The most popular methods used today are the first, second, and 

third degree or partial and full thickness. 

A first degree burn is superficial, involving only the epidermis, 

and appears pink to red in color. The moist surface is painful to 

touch and heals within three to five days with no residual effect~ 

A second degree burn destroys the epidermis and dennis to varying 

degrees. The wound appears red to pale ivory and initially may have 

surface vesicles or bullae filled with serous fluid. All tactile 

and pain sensibility are preserved. Second degree wounds are moist 

in appearance and become very edematous during the first twenty-four 

to forty-eight hours following the burn injury. Spontaneous healing 

occurs through the proliferation of the remaining epithelial cells 

in three to six weeks, depending on the depth of dermal injury. 

The deep partial thickness wound is particularly vulne.rable to 
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infection. Infection of the partial thickness wound can increase 

the depth of injury and convert the wound to full thickness. First 

and second degree burns are partial thickness injuries (Feller and 

Archambeault 1973). 

A third degree or full thickness burn involves coagulation 

necrosis extending through the dermis and may involve subcutaneous 

fat, connective tissue, and muscle to varying degrees. The color 

of the wound may vary greatly from cherry red to white, brown, or 

black. Thrombosed vessels may be visable within the burned tissue 

or eschar. Due to the destruction of the dermis, the burned skin 

loses its elasticity. The eschar becomes dry, leathery, and ofte.n 

constricting as edema forms in the underlying tissues. Escharotomies, 

longitudinal incisions through the eschar and underlying tissues, 

are often required to relieve the tourniquet effect of the eschar 

in circumferential burns. Pain sensibility in the third degree 

wound is lost as nerve endings in the dermis are destroyed. The 

third degree wound is a full thickness wound, and requires auto

grafting to heal. It is the deep partial thickness wound and the 

full thickness wound that invite infection and pose a threat to the 

patient. 

Colonization and Infection 
of the Burn Wound 

Normal skin provides a barrier against infection, prevents loss 

of body fluids, controls body temperature and serves as a s·ensory 

organ. A full thickness burn injury destroys the skin and thus 
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interferes with these vital life sustaining functions (Alexander 1971) . . 

The initial changes in the burn wound are due to the direct effects 

of thennal injury and subsequent inflammatory response. The histopathology 

of cutaneous burns described by Sevitt is summarized by Foley as follows: 

Cytologic and histologic alterations in the 
epidermis and skin appendages include •.•. 
disintegration of nuclear protein, condensation 
of eccrine sweat ducts and the pilosebaceous 
apparatus with disruption of the subaceous glands.(1969) 

Obvious ultrastructural changes in burned skin include marked 

swelling of the endoplasmic reticulum, fragmentation of the cell 

membranes, disruption of subcellular organelles, condensation of 

nuclear proteins, dilation of mitochondria, and necrosis of 

endothelial cells. Edema formation is the result of the transudation 

of fluid and protein from damaged vessels within the wound (Foley 1969). 

The increase in vascular permeability was demonstrated as early as 

1944 by Cope and Moore through the use of radioactive colloid in the 

lymph from a burned leg. Order and others (1965) studied the altered 

vascular permeability in burned tissue through the use of a variety 

of dyes. They examined sections of burn wound including eschar, 

subcutaneous tissue, and deep fascia from laboratory animal models 

and found a diverse pattern of arterial disarray ranging from complete 

occlusion to focal alterations within the same wound. Persistance of 

occlusion was demonstrated in full thickness wounds. These researchers 

further demonstrated that experimental second degree wounds had the 

capacity to maintain the inflammatory response beneath the eschar and 
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fully restore the arterial vascular supply within a week. Reconstruction 

of the remaining cellular elements was also reported. The experimental 

full thickness wound demonstrated no inflammatory response beneath the 

eschar and fully restore the arterial vascular supply within a week. 

Reconstruction of the remaining cellular elements was also reported. 

The experimental full thickness wound demonstrated no inflammatory 

response beneath the eschar and complete loss of arterial vasculature 

occurred within twenty-four hours. 

Alexander (1971:265) states: "burned patients develop abnormalities 

in their host defense mechanisms which often render them exceptionally 

vulnerable to the development of life-threatening sepsis." The release 

of activated lysosomal enzymes and cytoplasmic vasoactive substances 

by injured cells results in a generalized inflammatory response. This 

initial response, characterized by the local accumulation of fluid and 

plasma proteins, is accentuated by the body's inability to localize 

inflammatory cells in the burned tissue. Complement levels and 

circulating antibodies are temporarily depressed. Maximum immune 

response may not occur until four to six weeks postburn. Many 

abnormalities in host defense may accompany burn injury. The relative 

importance of these is dependent on the type and magnitude of the 

individual abnormality and the extent of the injury (Alexander 1971). 

The destruction of the skin barrier provides a favorable portal 

of entry for bacteria. Baxter (1973) states that damaged or destroyed 

skin becomes an excellent bacteriologic media as it provides optimal 

conditions for pathogenetic bacterial growth. The warm temperature, 
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moisture, neutral or slightly alkaline pH, and nutrients in the form 

of necrotic tissue and body fluids support bacterial growth and 

proliferation (Feller and Archambeault 1973). Colonization of the burn 

wound is often well established in twenty-four to forty-eight hours 

(Baxter 1973). According to Artz and Moncrief (1969), three types of 

colonization occur: supraeschar, intrafollicular, and intraeschar. 

Supraeschar colonization is the bacterial growth on the wound surface. 

Intrafollicular colonization, bacterial growth within the pits of 

destroyed hair follicles, results from bacteria trapped around the hair 

at the time of injury. Bacteria may also infiltrate the thermally 

coagulated tissue causing intraeschar colonization. Colonization usually 

occurs between the fifth and twentieth days postburn. However, a small 

but significant number of patients colonize within twenty-four hours 

following the burn injury. Such early colonization carries a grave 

prognosis (Baxter 1973). The pattern of bacterial colonization is 

related to systemic and topical antibiotics given for preventing 

infection, the body area burned, and the environmental factors (Foley 1970). 

Infection remains the most important unsolved problem in the area 

of thermal trauma today. The burn wound continues to be a constant 

potential source of systemic sepsis (Baxter 1973). Polk and Stone comment: 

Infection has been an unwelcome partner in 
burn therapy throughout the ages; and now, 
by virtue of more effective methods for 
treatment of burn shock, infection has 
assumed its present greater importance as 
a cause of death among thermally injured 
humans (1971:295). 
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The problem of infection is documented as early as 1883 by Sir 

George Ballingall of Edinburgh who described "early burn death 

occurring 10 to 12 days postburn with fever. In deaths occurring 

3 to 6 weeks later, the patients were described as "sinking 'from 

an extensive suppurating surface" (Artz 1970:1195). Artz and 

Moncrief (1969) labeled infection as a "cardinal problem" which causes 

pain, nutritional disturbances, conversion of the partial thickness 

wound to full thickness, graft rejection, and death. Foley cites 

infection as one of the most frequent complications of burn injury 

and one which: 

1. increases the depth of original injury, 
2. converts partial to full thickness, 
3. prolongs repair of tissues, 
4. increases morbidity and mortality, and 
5. increases the amount of infected necrotic 

skin which causes fatal sepsis or lethal 
pulmonary infection. (1973:103). 

Foley (1973:105) further emphasized that incisions in the burn wound, 

such as cutdown sites and escharotomies, also represent portals of 

entry for pathogenic bacteria. 

The definition of burn wound infection may range from simple 

colonization of the wound by bacteria of low pathogenicity to 

invasive infection (Artz and Moncrief 1969). In the early 1960's, 

many manifestations of burn wound sepsis were recognized, although the 

exact mechanism of death was not know. Clinical findings associated 

with burn wound sepsis included positive blood cultures for both gram

positive and gram-negative organisms and changes in wound appearance. 

Degeneration of the wound into a black crust was associated with gram

negative infection. A gram-positive blood culture and wound infection 
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were associated with dissolution of granulation tissue and the development 

of a purulent film on the wound surface (Boswick 1971). 

In 1964 Teplitz and his associates stated that "any attempt to 

reduce burn mortality must include an approach to the problem of burn 

wound sepsis" (1964a:200). Using Pseudomonas aeruginosa as a prototype, 

experimental burn wound sepsis was investigated in a laboratory animal 

model. This classic study demonstrated that clinical findings 

previously associated with burn wound sepsis - disseminated visceral 

and skin lesions, leukopenia, and hypovolemia - did not represent the 

disease itself, but rather the end stages of systemic manifestations. 

Burn wound sepsis (Pseudomonas) was defined as "diffuse- frequently 

massive- invasion of the nonburned hypodermal tissue subjacent to the 

colonized burn wound by bacterial flora" (Tepli tz et al. 1964: 200). 

Later studies support these findings and describe diffuse intraeschar 

colonization as following the supraeschar and intrafollicular colonization. 

Four to five days following intraeschar colonization, invasion of the 

junction of viable and nonviable tissue occurs and infection is well 

established (Teplitz et al. 1964b). Pathogenic bacteria travel from 

the interface of viable and nonviable tissue to the regional lymph nodes. 

Pathogens which are not phagocytized may enter the systemic circulation 

causing bac teremia. Clinical signs of impending sepsis, as described 

by most authorities, include: 

1. 
2. 
3. 
4. 
5. 

0 temperature below 98.6 or above 101 F.; 
increased pulse rate; 
increased respiratory rate; 
decreased blood pressure; 
decreased urine output; 
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6. mild confusion, headache, chills, malaise; 
7. cyanosis, and 
8. white blood cell count above 20,000 (Feller and 

Jones 1973:174, Beswick 1973:110, Taylor 1975:36). 

Loebl and associates (1973) state that although the burn wound is 

heavily colonized, bacteremia is frequently absent. Thus, blood 

cultures are of limited value. Clinical signs and symptoms of sepsis 

may not occur until bacterial colonization of the wound has reached 

concentrations of 106 logarithm (log) per gram of tissue (Baxter et al. 

1973). The need for a method to follow the progression of wound 

colonization was recognized by many authorities. Today, the criteria 

accepted by most authorities for the diagnosis of burn wound sepsis 

5 include a quantitative bacterial count greater than 10 log concentration 

per gram of tissue and microscopic evidence of invasion of subjacent 

unburned structures. Thus, the problem becomes one of effectively 

monitoring the burn wound in terms of the quantitative bacterial count 

and the depth of invasion. 

Krizek and Robson (1973) state that wotmd healing without infection 

is less a function of prevention of bacterial presence than is the. 

successful control of quantitative growth of bacteria below a critical 

level of 105 bacteria per gram of tissue. For many years monitoring 

bacteriological flora in the burn wound was confined to surface cultures 

by swab, capillary gauze, or contact plate technique. Although these 

methods give quantitative counts of surface colonization, they do not 

give information about bacteria in _underlying tissues (Levine 1976). 
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These techniques often fail to accurately predict the presence 

or progression of burn wound sepsis due to poor correlation between 

the surface flora cultured and the colonization of deep tissue (Baxter 

1973). In addition, a twenty-four to forty-eight hour perio'd of time 

is required for incubation and identification of organisms with these 

culture techniques. In 1972 Lawrence and Lilly reported a technique 

for homogenizing biopsies of skin and determining the total viable 

bacterial count. This technique was used to determine the bacterial 

connt of normal and burned skin in humans and laboratory animal models. 

The authors suggest that this technique could be used to evaluate the 

use of homografts and heterografts as well as to evaluate infection 

in the burn wound (Lawrence and Lilly 19 72) • 

The use of biopsies in the care of burned patients was reported 

in 1973 by Pruitt and Foley. Histologic and microbiologic examinations 

of surgically excised tissue from burn wounds, hemorrhagic cutaneous 

lesions, ulcerative lesions, and previously cannulated veins were 

performed. Biopsy findings included suppurative thrombophlebitis in 

15% of the patients studied. The frequent occurrence of 

bacterial, fungal, and viral infections of the burn wound was documented 

as 85% of the burn wound biopsies were positive~ Biopsies were also 

helpful in determining the depth. and extent of necrosis in patients 

with deep thermal burns or electrical injuries (Pruitt and Foley 1973). 

The. use of a quantitative burn wound culture technique in evaluating 

wound colonization in over two hundred patients was reported by Baxter 

et al. (1973). In this study, multiple site biopsy cultures and Rodac 
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surface cultures were taken every two to three . days from admission 

to the time of eschar separation. Topical agents were removed 

from the wound surface with sterile saline and gauze pads. The 

wound surface was then cultured by direct application of a Rodac 

plate containing blood agar. After cleansing the biopsy site with 

isopropyl alcohol to remove contaminants, two parallel incisions 

are made, approximately 1 to 2 centimeters (cm.) in length and 0.5 cm. 

apart. The specimen is then cut from the subcutaneous tissue at 

sufficient depth to obtain a small portion of unburned underlying 

fat. The specimens are then macerated and suspended in a saline 

solution from which serial dilutions are prepared (Loebl et al. 

1974). It was found that when the log concentration of bacteria 

reached 104, a progressively higher log concentration and septic 

clinical course followed. Although log concentrations of 105 per 

gram of tissue are accepted as being diagnostic of burn wound 

sepsis, the actual concentration required by different bacteria to 

produce clinical sepsis may vary. Results from this study indicate 

that the burn wound biopsy culture technique was a more sensitive 

indicator of colonization than surface cultures. This biopsy 

culture technique is described by Loebl et al. (1974) as an 

invaluable monitoring technique. 

The quantitative swab culture technique was introduced by Levine 

and associates (1976) as a method of determining the number of viable 

aerobic bacteria on open wounds. The swab culture, as described by 
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Levine, is obtained by: 

twirling the end of a sterile cotton tipped 
applicator stick on a one square centimeter 
area of the open wound for five seconds. 
Sufficient pressure is applied to the tip of 
the swab to cause minimal bleeding in the 
underlying tissue (1976:89) 

Two swabs were used simultaneously. One swab was used.for preparing 

the gram stain smear and the other was used for quantitative 

culture. A high degree of correlation between the biopsy and swab 

techniques is reported by these investigators. These newer techniques 

for monitoring bacterial growth within the burn wound serve as a tool 

to predict burn wound sepsis and to evaluate methods of treating 

infection in the burn wound. 

Methods of Treatment 

The goal of early burn treatment, as expre.ssed by Polk and 

Stone (1971:139), is to "maintain both the patient and his wound at 

optimal conditions for repair of the cutaneous defect." Historically, 

a variety of ointments, escharotics, and dressings have been used on 

the burn wound in an effort to reduce infection and promote healing. 

In the early 1940's colonization of the burn wound by coagulase-

positive Staphylococcus aureus and beta hemolytic Streptococcus was 

seen in one-third of all burn patients at the time of admission to the 

hospital. Through the widespread use of the sulfonami.des and penicillin, 

the streptococcus was eradicated (Artz and Teschan 1957:647). During 

the 19SO's, the exposure method of treating . burns was evaluated by 
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Puluski, Artz, and Blocker who outlined the indications for its use 

(Artz 1970). This open method of treatment became more popular as 

the infection rates began to soar with the use of closed, bulky 

dressings. In 1953 Leidberg, Reiss, and Artz identified septicemia as 

the primary cause of sepsis (Artz 1970). Coagulase-positive Staphylococcus 

aureus was the dominant organism in more than 40% of all burn wound 

cultures obtained following the first postburn week (Polk 1971). 

The role of this virulent organism as the leading cause of burn wound 

sepsis is well documented (Artz and Teschan 1957, Altmeier and MacMillan 

1962). More effective means of combating staphylococcal infections 

came with the increased use of synthetic penicillins. However, at 

this same time, a change in dominant pathogens was already beginning 

and the gram-negative organisms, particularly pseudomonas, quickly 

assumed the role of the principle infectious agents in burns (Polk 

and Stone 1971). Phillips and· Cope (1960) refer to the change in 

dominant organisms as a "shifting battlefront". 

With the description of the pathology of burn wound sepsis by 

Teplitz and Moncrief (1964), the limited effectiveness of parenteral 

wide spectrum antibiotics was understood and interest in topical 

antibacterial agents was renewed. Silver nitrate, sulfamylon, 

and silver sulfadiazine are the primary topical agents used today. 

Silver nitrate was used as early as 1883 as an escharotic in 

1.0% concentration by Billroth (Constable 1973). The use of a 0.5% 

solution was popularized by Moyer and Monafo in 1965. Used in this 

form, the solution is applied every 2 hours to saturate a thick 
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gauze dressing which is changed once or twice daily. Dressing 

changes provide for wound inspection and aggressive debridement of 

nonviable tissue. Moyer et al. (1965) report the absence of 

infection in patients initially treated with silver nitrate.. Polk 

(1973) states that silver nitrate therapy is designed to decrease 

water and heat loss, which decreases the metabolic demands of the 

patient and provides a more favorable state for the stresses of the 

burn injury. Constable describes the advantages of silver nitrate as: 

1. All known burn wound pathogenic bacteria 
are sensitive to 0.5% silver nitrate, 
although some strains of enterobacter and 
klebsiella are resistant. 

2. Silver nitrate at 0.5% concentration does 
does not appear to have any adverse effects 
on epithelial proliferation. 

3. Silver nitrate ••• is absorbed only in very 
small amounts ... 

4. Silver nitrate, unlike most antibiotics, 
is essentially never allergenic. 

5. The use of wet dressings reduces insensible 
water loss across the burn eschar or granu-
lation resulting in energy conservation. (1973:113) 

To these, Dressler and Kornik (1972) add earlier eschar separation 

and painless application. The use of silver nitrate causes several 

biochemical alterations, however. Prolonged contact with the burn 

wound, according to Moncrief, results in the "absorption of the 

water vehicle, leeching of sodium from the wound, and the precipitation 

of silver chloride," producing hypochloremia and hyponatremia 

(Moncrief 19 70: 1302). These changes become significant, especially 

in the management of infants and children, since losses may be rapid 

and severe. Oral or intravenous sodium chloride is required in large 
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amounts to compensate for the loss. Another major disadvantage is 

poor eschar penetration, which prevents effective control of deep 

tissue infection (Moncrief 1970). 

Sulfamylon, mafenide acetate, was introduced in the 1960's 

and used as a 0.5% aqueous solution and a 10% cream. In the first 

clinical report on the use of sulfamylon, Moncrief and associates 

(1966) describe a marked decrease in the incidence of burn wound 

sepsis and the spontaneous healing of some burns that initially 

appeared to be full thickness. The desirable characteristics of 

sulfamylon, as cited by Pruitt et al. include the following: 

1. stable over a wide temperature range, not 
inactivated by pus, tissue fluid or para
aminobenzoic acid; 

2. diffuses rapidly through eschar, showing no 
long term storage in visceral organs; 

3. not cytotoxic; 
4. permits open treatment of the wound; 
5. easily applied and removed; 
6. no occurence of anaerobic infections (1968:296). 

Sulfamylon's rapid penetration of burn eschar was demonstrated in 

the laboratory animal model by Harrison and associates (1971) as 

they documented concentrations two to five times that required for 

minimal inhibitory effect in two hours following application. 

Other researchers concur that Sulfamylon is generally effective in 

controlling infection in the burn wound (Bruck et al. 1970, Shuck 

et al. 1972). With the widespread use of this topical agent came 

the recognition of complications. Beswick (1973) summarizes these 

as pain on application to partial thickness wounds, minor skin rashes 

in 4% to 8% of the patients, elevations of serum chloride concentrations, 



-28-

and acidosis in patients with extensive burns. Fox (1973:276) explains 

that the" .•• acetic acid portion of mafenide causes metabolic acidosis 

and the sulfanilamide portion, which inhibits carbonic anhydrase, causes 

the characteristic hyperventilation." While sulfamylon offe;rs a 

wide spectrum of antibacterial activity in the wound, it is rapidly 

inactivated when absorbed and offers no value as a systemic agent 

(Moncrief 1970). 

The disadvantages and limitations of silver nitrate and sulfamylon 

were recognized after widespread clinical use. However, certain 

advantages of these two agents were also recognized and utilized 

in the development of silver sulfadiazine. In 1968 Fox reported the 

results of his investigation of 1.0% silver sulfadiazine. He 

demonstrated that the combination of silver with sulfadiazine greatly 

enhanced the bacteriostatic effect of the sulfonamide. Silver 

sulfadiazine, a white powder which is highly soluble in water and 

+ organic solvents, is fanned by "substitution of Ag for the 

ionizable H+ in sulfadiazine" (Fox 1973:276). Fox describes the 

pharmacologic reactions of this compound as differing from 

sulfadiazine in the following ways: 

1. Its efficacy is not blocked by para
aminobenzoic acid or other wound con
stituents or metabolites. 

2. Its broad antimicrobial action inhibits 
many species of bacteric and fungi, such as 
Candida albicans, which are relatively or 
totally resistant to sulfadiazine and other 
antimicrobial agents. 

3. Its mode of action is distinctly different 
from that of sulfadiazine. It r~acts with 
DNA and the bacteria which bind the silver 
and release the sulfadiazine moiety (1973:276). 
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In the initial investigation, Fox studied this topical agent in 

experimental laboratory animals and in sixteen patients having 20% 

to 85% TBSA burn wounds. He reported that wounds were observed to 

be free of infection with large areas healing which were attributed 

to the preservation of deep dennal elements. Other reported 

advantages were painless application, no staining effect, and no 

associated electrolyte imbalances. The general effectiveness of 

this agent was confirmed by Baxter (1971) who reported only seven 

septic deaths ina population of over three hundred patients. 

Dickinson (1973) reported no toxic side effects, more spontaneous 

healing, and only one septic death in forty children treated with 

silver sulfadiazine. Although silver sulfadiazine has many advantages, 

it fails to prevent lethal wound infection on occasion and strains 

of resistant organisms, including pseudomonas, are reported. Other 

topical agents have been used with limited success. Topical 

gentamicin sulfate was used with the hope of eradicating the 

invasive Pseudomonas aeruginosa. The result, however, was the 

evolution of a gentamicin resistant strain (Stone 1971). 

All authorities agree that an effective topical agent must 

reduce bacterial densities in the burn wound to a level that would. 

prevent subcutaneous tissue invasion. The ideal agent, as described 

by Beswick should: 

1. be effective against the microorganisms 
that inhabit the burn wound, 

2. not be hannful to normal or partially 
damaged skin, 

3. penetrate the eschar of a full thickness 
burn and be effective in the subcutaneous 
tissue beneath the eschar, 
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4. be simple to use by relatively inexperienced 
personnel, and 

5. be free of systemic complications (1973:194). 

Current topical agents are effective in many ways, but the battlefront 

continues to change. The results of over three hlll'ldred autopsies on 

patients who died of extensive burns over a seven year period revealed 

the "increase of fungal colonization and infection of the burn wound 

coincident with the use of sulfamylon" (Foley 1969: 1). Recognizing 

the limitations of existing topical agents, many physicians are now 

using more than 1 single agent, alternating agents as the status 

of the wound dictates. 

The gram-negative organisms retain the dominant role in the 

ongoing problem of wound infection. Streptococcal infections, 

although infrequent, may occur in "freshly burned wounds, skin grafts· 

and donor sites, and recently healed reepithelialized partial

thickness burns" (Polk 19 71: 300) . Parenteral penicillin provides 

rapid and effective treatment for this type of infection. Many 

authorities advocate the use of prophylactic penicillin during the 

first four to five days postburn (Lloyd 1977). Staphylococcal 

infections are infrequent and generally involve venous cutdown 

sites, intravenous needle sites, and other injection sites. 

Staphylococcus· aure.us in the burn wound is usually effectively 

control led by routine burn wound therapy (Polk 19 71) . · The control 

of pseudomonas and other gram-negative bacteria is much more difficult. 

Stone (1971) states that gram-negative organisms, particularly Pseudomonas 

aeruginosa, continues to be the principle pathogen causing burn deaths 

today. 
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Investigation of this complex organism revealed four groups of 

exotoxins that are directly related to the systemic illness resulting 

from Pseudomonas aeruginosa burn wound sepsis. The first group 

consists of two powerful hemolysins which are capable of producing 

anemia within twenty-four hours (Polk and Stone 1971). The second group 

is composed of many cytotoxic enzymes which cause thromb.osis of 

nutrient blood vessels, resulting in localized areas of infarction 

(Order et al. 1965). The third group contains substances which 

inhibit the various functions of the cellular .reticuloendothelial 

system. Toxins of the fourth group produce "effects similar to 

those noted for endotoxic shock" (Polk and Stone 1971:307). MacMillan 

et al. (1973: 628) described the sources and routes from which Pseudomonas 

aeruginosa can possibly infect the patient as "carriers among patient 

and hospital personnel, infected patients, airborne organisms, and 

inaminate objects ••• " The epidmiology of pseudomonas in relation to 

burn wound infection has been investigated by many researchers. 

Although pseudomonas continues to be a threat, there is evidence 

to indicate that a change in the dominant organism is imminent. 

Burn wound infections due to the klebsiella and enterobacter species 

are becoming more frequent. Approximately 25% of the positive 

cultures from one hundred seventeen patients reported by Baxter et al. 

(1973) contained enterobacter. This is supported by Curreri and 

associates (1973) who reported a marked increase in the incidence 

of sepsis caused by Providentia stuartii, another member of the 

Enterobacteriaceae group. An increase in the occurance of fungal 

infections is also reported (Dennis and Peterson 1971, Richard et al. 

1973). The routine use of systemic antibiotics for the prevention of 
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burn wound infection was advocated by Hartford and others (1974). 

However, most authorities agree that treatment with systemic 

agents should begin only when specific evidence of infection is 

present. Recommended treatment schedules generally include the 

highest tolerated doses of multiple parenteral antibiotics (Waisbren 

1970, Hartford et al. 1974). Polk warned that the possible benefits 

of the routine use of antibiotics must be evaluated in light of the 

following complications: 

1. genuine drug reactions as well as injection 
related problems, 

2. facilitation of burn wound colonization by 
gram-negative bacteria, and 

3. less than optimal use of the nurse's time (1971:299). 

The emergence of resistant strains of bacteria in individual patients 

or withi.n a burn unit has been associated with routine systemic 

therapy (Baxter 1973). 

The effectiveness of parenteral systemic antibiotic therapy is 

re.lated to the depth and age of the burn wound. Baxter stated that 

specific antibiotic therapy is indicated when wound flora escapes 

control by topical agents. Parenteral therapy may be effective in 

controlling infection in wounds of moderate depth second degree where 

eschar is thin and some dermal elements preserved. However, the 

effectiveness of systemic therapy is limited in deep third degree 

burns until the time of eschar separation and revascularization of 

the wound base (Baxter 1973). Due to vascular changes within the 

burn wotmd systemic antibiotics are limited in their ability to 

reach the wound interface and granulation tissue in quantities 

sufficient to inhibit or prevent bacterial growth (Robson et al. 1974). 
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blood levels were achieved and maintained for six to twelve hours 

following intramuscular administration. Almost complete excretion 

by glomerular filtration was reported. Little or no toxicity was 

observed with long term doses of 5 milligrams (mg.) to 10 mg~ per 

kilogram (kg.) of body weight. Single intramuscular doses of 0.2 

to 3.2 mg. per kg. in man gave peak serum levels at one hour. An 

average peak serum level of 4. 7 micrograms (mcg.) per ml. was produced 

by a single 0.8 mg. per kg. intramuscular dose. These investigators 

further reported 86 to 100% urinary excretion of gentamicin in 

twenty-four hours following administration in subjects with normal 

renal function. Massive does of gentamicin given orally failed to 

produce serum concentrations (Black et al. 1963). Subsequent studies 

supported these early findings. To date, no studies investigating 

the subeschar route of administration are reported in the literature. 

Gentamicin has a large volume of distribution, that is, it 

diffuses readily into tissues since only a small portion is protein 

bound. The drug is primarily excreted in the urine by glomerular 

filtration, with less than 1% excreted in bile. Renal clearance 

proceeds at about the same rate at which the drug is cleared by the 

serum. Most authorities recommend a dosage range of 3 to 4 mg. per kg. 

body weight or mild to moderate infection and 5 to 6 mg. per kg. for 

severe infections. The total twenty-four hour dose is then divided and 

given every six to eight hours. In patients with normal renal function, 

intramuscular and intravenous doses of 3 to 4 mg. per kg. achieve a peak 

serum concentration of 4 to 5 mcg. per ml. which rapidly declines to 
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0.5 mcg. by eight hours after administration. Absorption of gentamicin 

administered intramuscularly occurs in thirty to sixty minutes (Gyselynck 

et al. 1971, Kirby 1974). Simon and associates studied serum concentrations 

achieved in ten healthy adults with a continuous intravenous infusion 

of 6.6 mg. of gentamicin per hour. Blood levels were maintained at 

1.04 - 0.06 mcg. per ml. The calculated volume of distribution 

ranged from 15 to 17 liters and the total renal clearance was 85% 

(Simon et al. 1973). Serum levels of 4 to 5 mcg. per ml. are 

considered by some to be lower than optimal (Kirby 1974). At 

concentrations ranging from 5 to 10 mcg. per ml. gentamicin is 

capable of inhibiting almost all gram-negative cocci, including 

penicillinase-producing staphyloccocci. At a concentration of 10 

mcg. per ml., most strains of proteus, escherichia, klebsiella, 

clostridia, brucella, salmonella, serratia, and shigella are inhibited. 

Most strains of Pseudomonas aeruginosa are also inhibited as this 

concentration; however, resistant strains have developed on occasion 

(Waitz and Weinstein 1970, MacMillan 1971). Systemic gentamicin 

has been widely used for the prevention and treatment on burn 

wound infection. 

Toxicity is associated with serum concentrations of 10 to 12 

mcg. per ml. and occurs most frequently in patients with some degree 

of renal impairment (Lewis et al. 1972). The most profound toxic 

effects are permanent damage to the vestibular division of the 

eight cranial nerve and renal damage. According to some authorities, 

dosage adjustments based on parameters such as endogenous creatinine 

clearance and serum creatinine concentration allow this drug to be 
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given with relative safety to individuals with compromised renal 

function (McHenry et al. 1971, Chan et al. 1972, Cutler et al, 1972). 

Others warn that these parameters may not provide valid guidelines 

because endogenous creatinine production may vary in individuals 

and renal function in acutely ill individuals may change rapidly. 

In addition, a definite time lag exists between changing renal 

function and serum creatinine concentrations. There is a narrow 

range between therapeutic and toxic levels. Peak serum levels 

above 10 to 12 mcg. per ml. may cause ototoxicity and/or nephro

toxixity. Serum levels below 4 to 5 mcg. per ml. may be inadequate 

for bacterial control and facilitate the development of resistant 

organisms. Thus the most effective method of guiding treatment is 

the direct monitoring of serum concentrations of gentamicin (Riff 

and Jackson 1971, Lewis et al. 1972). 

The safe and effective administration of any antibiotic 

requires adequate information about the relationship between dosage 

and serum concentration of the antibiotic achieved with the specific 

route of administration. Serum concentrations and urinary excretion 

patterns of various antibiotics administered intravenously and 

intramuscularly have been studied in recent years. A review of 

the literature shows no reported investigation of antibiotic serum 

concentrations or urinary excretion patterns using the subeschar 

route of administration. Alexander (1971:435) .describes the sub

eschar route of antibiotic administration as helpful in treating 

established burn wound infection. Further clinical investigation 
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of this new method of preventing and treating infection is needed 

to evaluate its effectiveness. 

Summary 

A review of literature revealed infection to be the major 

cause of mortality and morbidity in patients experiencing·thermal 

injury. The dominant organisms responsible for lethal burn wound 

infection have changed over the years. Currently, Pseudomonas 

aeruginosa and other gram-negative organisms assume the dominant 

role. An increased knowledge of the pathology of burn wound sepsis 

led to the development of different techniques of wound monitoring 

and treatment. Despite the use of systemic antibiotics and topical 

chemotherapeutic agents, the high incidence of wound infection 

continues. The subeschar route of antibiotic administration pro

vides a method of delivering antibiotics directly to the site of 

infection. The importance of further investigation of this and 

other new methods of combating burn wound infection is supported 

by the literature. 
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CHAPTER III 

PROCEDURE FOR COLLECTION AND TREATMENT OF DATA 

Introduction 

A descriptive study was conducted to determine the antibiotic 

absorption and excretion patterns following the subeschar method of 

administration in burned patients. Gentamicin, an antibiotic 

frequently used for treating infection in the burn wound, was used 

for studying this method of administration. The radioinnnunoassay 

and the enzymatic assay were used to measure gentamicin concentra

tions in blood and urine following subeschar administration. The 

procedure for the collection of data will be discussed according to 

the setting, population, description of the instruments, procedure 

for data collection, and procedure for the treatment of data. 

Setting 

The setting for this study was the adult intensive care burn 

unit of Parkland Memorial Hospital in Dallas, Texas. The intensive 

care unit is a six bed critical care area within the adult burn 

unit. The adjacent research laboratories of the University of Texas 

Health Science Center were utilized in storing and processing the 

specimens obtained. Permission to conduct the study in this setting 

was granted by the Human Research Review Committee, UTHSCD, and the 

Director of Nursing at Parkland Memorial Hospital (Appendix A). 
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Sample 

The sample for this study consisted of all patients admitted 

to the adult burn unit during the eight week study period who met 

the criteria for the study. Five male patients, age thirty-two to 

fifty-one, and one sixty year old female were studied. Each patient 

was admitted to the adult burn unit within twenty-four hours follow

ing the burn injury. All patients had a 25% to 65% TBSA burn wound 

except patient number 4 who had a 28% burn, 20% of which was third 

degree. 

The vital signs, urine output, and mental status of each 

patient indicated an adequate physiologic response to fluid resus

citation during the first forty-eight hours following injury. Serum 

electrolytes were monitored throughout the study period and remained 

within normal limits. The age, sex, percent burn, and type of burn 

of each patient are sunnnarized in table 1. 

Patient 
Number 

1 

2 

3 

4 

5 

6 

TABLE 1 

DESCRIPTION OF SAMPLE 

Percent 
Age Sex TBSA Burn 

36 male 66 

32 male 53 

51 male 65 

33 male 28 

60 female 38 

50 male 48 

Typ'e of 
Burn 

flame 

flame 

flame 

flame 

flame 

flame 
-~-----------
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Each patient had normal renal function as documented by serum 

creatinine levels on admission and throughout the study period. 

Drugs such as heparin, kanamycin, and tobramycin were not adminis

tered to the population during the study. Any patient requiring 

these drugs was eliminated from the study. In addition, no 

gentamicin was given except the single dose by subeschar clysis on 

the second and fifth days postburn. Patient number 6 was eliminated 

from the study on postburn day four due to early wound infection 

requiring systemic gentamicin. Informed consent was obtained from 

each patient and/or family and filed with the Human Research Review 

Committee according to their policy (Appendix B). To protect con

fidentiality, an identification number was assigned to each 

individual in the sample. 

Description of Instruments 

The data gathering instruments used in this study were the 

radioimmunoassay and the enzymatic assay for gentamicin. The 

radioimmunoassay was used to measure gentamicin concentrations in 

the serum samples obtained for this study following subeschar 

administration on the second and fifth days postburn. The concen

tration of gentamicin in urine specimens collected from one to 

twenty-four hours and twenty-four to forty-eight hours following the 

subeschar administration was measured using the enzymatic assay for 

gentamicin. The radioimmunoassay and the enzymatic assay are 

bioassays designed for the quantitative measurement of antibiotics 
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in various biologic fluids. The use of these assay methods speci

fically for measuring gentamicin concentrations in serum and other 

body fluids is reported by many researchers as the optimum method 

of guiding therapy. 

The radioimmunoassay provides a rapid, practical means of 

pharmacokinetic analysis of hormones and drugs in serum and other 

body fluids. Mahon and associates (1973) describe the radio

innnunoassay for gentamicin in serum as rapid, sensitive, and highly 

specific. This technique, developed by Berson and Yalow, utilizes 

principles of immunology and radiochemistry (Spector 1973). The 

antigen-antibody reaction, in the form of competitive binding, is 

the basis for the assay. 

When a fixed quantity of antibody is allowed 
to compete with concentrations of radio
actively labeled antigens and non-labeled 
antigens, the greater concentration will bind 
more antibody. This is the principle of com
petitive binding ..••. when a series of known 
concentrations of unlabeled antigens are allowed 
to compete with both a fixed. amount of antibody 
and labeled antigen, a function of decreasing 
radioactivity bound versus increasing concen
tration will result (Spector 1973:360). 

Methods of labeling antigens with radioactive tracers, such as 

tritium, make possible the detection of small concentrations of 

antigens by liquid scintillation. A linear standard curve 

obtained from plotting this relationship is used to determine the 

unknown concentration of antigen (Spector 1973). 
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The development of a radioimmunoassay procedure for the 

measurement of gentamicin concentrations in serum was facilitated by 

Lewis, Nelson, and Elder. By conjugating the gentamicin to a 

carrier protein and injecting this into rabbits, they demonstrated 

antibodies against gentamicin (Lewis et al. 1972). This specific 

antibody against gentamicin was used to develop the radioimmunoassay 

for gentamicin. For this study, concentrations of gentamicin in 

serum following subeschar administration were measured by the radio

immunoassay for gentamicin. These concentrations are reported in 

micrograms (mcg.) per milliliter (ml.). 

The enzymatic assay, another bioassay frequently used to 

measure various drugs in body fluids, was used to determine the 

concentration of gentamicin in the urine specimens obtained for 

this study. The enzymatic assay for gentamicin is designed to 

measure gentamicin quantitatively through the use of a crude enzyme 

from Escherichia coli W677/HJR66 ~hich catalyzes the reaction of 

gentamicin and adenosine triphosphate (ATP). 

The modified technique described by Holmes and Sanford 

(1974) was used for the laboratory analysis of these specimens. 

The enzyme was prepared from Escherichia coli W677/HJR66, a mutant 

strain of W677/JR66 resistant to 100 mg. of gentamicin per ml. The 

assay is based on the incorporation of radioactively labeled ATP· 

into phosphocellulose paper. This active binding is then measured 

by liquid scintillation procedures. A protein determination is 
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necessary to calculate the activity of the enzyme and the results 

are reported as nanomoles per hour per milligram of protein. This 

assay is described by Holmes and Sanford as an accurate tool for 

the rapid quantitative measurement of gentamicin. They fur-ther 

report accuracy in both control experiments and clinical specimens 

from fifty-nine patients treated with gentamicin (Holmes and 

Sanford 1974). 

Description of Procedure for Data Collection 

On the second and fifth postburn days, a single dose of 

gentamicin was administered to each patient by subeschar clysis. A 

full thickness area of the wound which comprised approximately 20% 

of the total body surface area was selected for subeschar clysis. 

The same area of each patients' wound was used for clysis on the 

second and fifth days following the burn injury. The early post

burn period was selected for this study since it represents a time 

relatively free of complications following an adequate response to 

fluid resuscitation. 

Gentamicin sulfate (Schering), a broad spectrum aminogly

coside with a wide gram-negative spectrum, was chosen as a prototype 

for this study because it is a drug frequently used in treating burn 

wound infections. The gentamicin was administered in a dose of 

4 mg. per kilogram of body weight. This amount represents the usual 

range of daily dosages recommended by authorities for moderate 
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infections. The single twenty-four hour dose was calculated for each 

patient based on the admission body weight. The same amount of 

gentamicin was administered to each patient on day two and day five 

by subeschar clysis. The calculated dose of gentamicin was.mixed 

with 300 ml. of sterile physiologic saline. The total volume of 

solution was then divided among six microdrip chambers. Each chamber 

was used for two infusions of 25 ml. each. 

The full thickness area of wound selected for subeschar 

clysis was washed thoroughly with a betadine-water solution and 

rinsed with water to remove topical chemotherapeutic agents. The 

site for needle insertion was then cleansed with isopropyl alcohol. 

Six 22 gauge 1-inch needles, one for each drip chamber were inserted 

through the eschar at a forty-five degree angle with the bevel rest

ing in the subeschar space. The needles were placed at intervals 

across the eschar, approximately 12 cm. apart. The gentamicin 

solution was then infused by gravity drip with 25 ml. given in each 

7.5 cm. diameter area as described by Baxter et al. (1975). Sterile 

needles were used for each site. The clysis was monitored closely 

to insure that the needles were positioned in the viable-nonviable 

tissue interface. When inserted into this subeschar space, the 

needles cause no pain and the fluid drips slowly and freely. 

Patients number 1 through 4, all negro males, had deep third 

degree burns with a well defined subeschar space. Needle insertion 

and drug administration was accomplished without discomfort to the 

patients. Patients number 5 and 6, a fifty year old Caucasian male 
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and a sixty year old Caucasian female, experienced some discomfort 

with the clysis. Although the wounds of patients 5 and 6 were third 

degree, the eschar appeared to be very thin and the subeschar space 

was less discernible than that of the other patients. Infusion of 

the subeschar solution was accomplished over a one hour period of 

time. The preparation and administration of the antibiotic solu

tion was the same for each patient. 

The following blood and urine specimens were collected for 

each patient: 

1.) 5 ml. of blood and 2 ml. of urine prior to gentamicin 

administration for baseline determinations, 

2.) 5 ml. of blood and 2 ml. of urine at one hour, three hours, 

six hours, and twelve hours following administration, and 

3.) total urine volumes from one to twenty-four hours and 

twenty-four to forty-eight hours following gentamicin 

administration. 

Blood samples were processed to procure the serum which was placed 

in a stertle, sealed glass test tube and frozen. Each volume 

urine collection was mixed thoroughly and a 2 ml. sample was taken. 

This sample was placed in a sterile, sealed container and frozen 

until all specimens were ready for analysis. 

Procedure for Treatment and Analysis of Data 

Serum concentrations of gentamicin, as measured by the radio

immunoassay, are reported in micrograms per milliliter of serum. 
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The median and range of values were determined to describe the 

patterns of gentamicin absorption on the second and fifth postburn 

days. Urine gentamicin concentrations, measured by the enzymatic 

assay, are reported in milligrams per 1000 ml. of urine. The mean 

and standard deviation were determined to describe the amount of 

gentamicin in the urine at twenty-four and forty-eight hours post 

clysis. Tables are employed to report these concentrations measured 

in serum and urine on postburn days two and five. Graphs illustrate 

the patterns of absorption. The sign test and the t test for paired 

values or related samples were used to test the hypotheses. 

Sunnnary 

A descriptive study to determine the absorption and excre

tion patterns of an antibiotic administered to burned patients by 

subeschar clysis was conducted. The setting for this study was the 

adult intensive care burn unit of Parkland Memorial Hospital and 

the research laboratories of the adjacent medical school complex. 

The population consisted of all patients admitted during the study 

period who met the criteria for the study. The data gathering 

instruments, the radioimmunoassay and the enzymatic assay for 

gentamicin, were used to measure the amount of antibiotic in the 

serum and urine following subeschar administration. 
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CHAPTER IV 

ANALYSIS OF DATA 

Introduction 

Infection remains the single most important complication of 

burn injury. As the limitations of current methods of treatment 

are recognized, the evaluation of new methods of preventing and 

treating burn wound infection is imperative. One new method which 

has not yet been investigated is the subeschar route of antibiotic 

administration. This study was designed to describe the pattern of 

gentamicin absorption and excretion following administration by the 

subeschar route. The convenience sample consisted of all patients 

admitted to the adult burn unit during the eight week study period 

who met the criteria for the study. The radioimmunoassay and the 

enzymatic assay for gentamicin were the instruments used to measure 

the concentrations of the antibiotic in serum and urine following 

absorption from the wound. The median and mean range of values 

were determined for the concentrations measured in serum and urine, 

respectively, for the purpose of describing the patterns of ab

sorption and excretion. The sign test and the t test for paired 

values or related samples were used to test the hypotheses. The 

analysis of data is reported according to serum concentrations and 

urine concentrations of gentamicin measured on the second and fifth 

postburn days. 
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Gentamicin Administration 

Six patients aged thirty-two to sixty years having a 25% to 

65% TBSA burn wound comprised the sample. Each patient was ad

mitted to the adult burn intensive care unit within twenty-four 

hours of the time of injury. On the second and fifth postburn days, 

a single dose of gentamicin was administered to each patient by 

subeschar clysis. The gentamicin was administered in a dose of 

4 mg. per kilogram of body weight. The single twenty-four hour dose 

for each patient, based on the admission weight is report~d in 

table 2. 

TABLE 2 

AMOUNT OF GENTAMICIN 
GIVEN BY SUBESCHAR CLYSIS 

Patient Number Body Weight Amount of Gentamicin 

1 69 kg. 270 mg. 

2 70 kg. 280 mg. 

3 70 kg. 280 mg. 

4 70 kg. 280 mg. 

5 70 kg. 280 mg. 

6 90 kg. 360 mg. 

The same amount of gentamicin was administered on day two 

and day five by subeschar clysis into a full thickness area of the 

burn wound which comprised approximately 20% of the body Surface 

area. 
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Gentamicin Concentrations in Serum: Day Two 

The serum concentrations of gentamicin obtained by absorp

tion from the wound following subeschar clysis was measured in six 

patients on the second and fifth days postburn. These serum 

concentrations, measured by the radioimmunoassay for- gentamicin, 

are reported in micrograms per milliliter in table 3 and table 4. 

The pattern of serum uptake from the wound on day two was one of 

rapid increase in the first three hours following administration 

with a subsequent gradual disease 

PATIENT 
NUMBER 

TABLE 3 

GENTAMICIN CONCENTRATIONS IN SERUM: DAY 2 
mcg. /ml. 

1 
HOUR 

3 
HOURS 

6 
HOURS 

12 
HOURS MEDIAN RANGE 

11 2.8 3.2 2.6 1.5 2.7 1.5 - 3.2 

2 2.9 2.3 1.6 1.3 1. 9 1. 3 - 2.9 
... -- •• ·· __ ,._ 

3 3.0 4.6 2.8 1.0 2.9 1.0 - 4.6 
I---- ______ ,, ___ 

·--- . ._.. -

4 2.4 2.3 1.4 1.0 1.6 1.0 - 2.4 

5 8.0 5.9 3.7 1.35 4.8 I 1.35- 8.0 
---·---- ···-· -- -- ·~--

I 

16 5.9 4.6 2.1 1.0 3.3 I 1.0 - . 5.9 
) 

MEDIAN 2.95 3.9 2.35 1.15 

RANGE 2.4-8.0 2.3-5.9 1.4-3. 7 1.0-1.5 
------------

At one hour following subeschar clysis on day two, the serum con

centration of all six patients ranged from a low of 2.4 to a high 
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of 8.0 mcg./ml., with a median of 2.95 mcg./ml. Five of six values 

fell in a range of 2.4 to 5.9 mcg./ml. An exceptionally high value 

of 8.0 was reported for patient number 5. One possible explanation 

for this value is that the clysis might have been given too deeply 

due to the difficulty experienced in identifying the subeschar 

space of this particular wound. 

Serum concentrations measured at three hours following 

clysis showed a decrease of 1 to 2.1 mcg. for four out of six 

patients, while the two other patients experienced an increase of 

0.4 to 1.6 mcg./ml. By six hours post clysis, the concentrations 

for all patients had declined gradually to a median of 2.35 mcg./ml. 

This represents an average decrease of 1.45 mcg./ml. in six hours. 

A further gradual decrease to a range of less than 1.0 to 1.5 

mcg. /ml. was seen at twelve hours. At the end of twenty-four hours, 

no values above 1.0 mcg. were reported. Serum concentrations on 

day two were generally below the 4 to 5 mcg./ml. considered to be 

the minimal therapeutic range. This data for day two are shown in 

figure 1. 

Gentamicin Concentrations in Serum: Day Five 

As delineated in the study, no gentamicin was given to the 

subjects on postburn days three and four. Patient number 6 was 

eliminated from the study on the third posthurn day because sy5temic 
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FIGURE I 

GENTAMICIN CONCENTRATIONS IN SERUM: DAY 2 

1 

patient 1 = O- -
patient 2 = e-

3 

TIME IN HOURS 
POST CLYSIS 

patient 3 = □-
patient 4 = II-

patient 5 = b.- -
patient 6 =£-
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gentamicin was required to treat early wound infection. All re

ported baseline values prior to subeschar clysis on day five were 

below 0.5 mcg./ml. By the fifth postburn day the wound margins 

were more clearly defined. The outer eschar was firm and the 

avascular subeschar space was easily identified. Needle placement 

was achieved without difficulty and the clysis infused more rapidly 

than on day two. 

The pattern of absorption from the wound during the first 

three hours following subeschar administration on day five was again 

one of rapid increase with a sharp decrease by six hours. The 

striking difference between the absorption on day two and day five 

is the higher serum concentrations achieved on day five as re

ported in table 4. 

l 

I 

PATIENT 
NUMBER 

1 

2 

3 

4 
- ·--.... ~. ----··---· 

TABLE 4 

GENTAMICIN CONCENTRATIONS IN SERUM: DAY 5 
mcg./ml. 

1 
HOUR 

7.0 

6.1 

7.2 

5.5 

3 
HOURS 

---
3.8 

4.0 

---

6 
HOURS 

3.6 

1.5 

2.3 

1.3 

12 
HOURS 

1.0 

0.7 

1.5 

<1.0 

MEDIAN 

3.6 

2.6 

3.15 

1.3 

RAi\IGE 
... .. ~-

. 1.0-7. 0 

0.7-6.1 

1.5-7 .2 

<1. 0-5. 5 

In one hour following subeschar administration, serum levels of 

gentamicin for all five patients increased to a range of 5.0 to 

{ 
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7.2 mcg./ml., the median being 6.1 mcg./ml. This demonstrates that 

therapeutic blood levels of gentamicin can be achieved with this 

route of administration by the fifth postburn day. Data from 

patients 2 and 3 was available at three hours following ·clysis. 

These serum samples had an average decrease of 2.75 mcg./ml. By 

six hours post clysis, the samples from the same two patients 

further decreased to 1.5 to 2.3 mcg./ml. At this same time, the 

serum levels of patients 4 and 5 fell below this range at 1.3 and 

1.4 mcg./ml., respectively. Patient number 1 maintained a 

relatively high concentration of 3.6 mcg./ml. for the correspond

ing time period. No explanation can be given for this value. 

Values for all five patients were below 1.5 mcg./ml. by twelve 

hours. The pattern of absorption for day five is illustrated in 

figure 2. 

Summary of Measured Serum Concentrations 

The pattern of serum uptake of gentamicin from the sub

eschar space on postburn days two and five was one of rapid 

increase in the first three hours following administration with a 

rapid decrease by six hours and a gradual, but steady decrease 

thereafter. Serum concentrations measured during the first three 

hours on the second postburn day were below the minimal thera

peutic levels of 4 to S mcg./ml. The serum concentrations on day 

five for the corresponding period of time were much higher. 
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FIGURE 2 

GENTAMICIN CONCENTRATIONS IN SERUM: DAY 5 

patientl=O-
patient 2 = e-
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Values for all five patients fell in a therapeutic range of 5.0 to 

7.2 mcg./ml., demonstrating that therapeutic blood levels can be 

achieved by the subeschar route. The higher serum levels seen on 

day five are likely due to the changes in the burn wound. By the 

fifth postburn day, wound margins and depth were more clearly dis

cernable, interstitial edema had subsided and circulatory status 

was more stable. Peak absorption occurred at approximately one 

hour post clysis, which compares favorably with the thirty to sixty 

minute absorption time for intramuscular administration described 

by Gyselynck et al. (1971). 

The first hypothesis stated that there would be no signifi

cant difference in the rate and level of gentamicin absorption by 

the blood from the interface tissue at one hour, three hou~s, six 

hours, and twelve hours following administration by subeschar 

clysis. This was established by looking at the change in serum 

concentration and determining the increase or decrease from the 

previous time period. On day two, significant changes (p <.05) were 

observed from the time of administration to one hour, from three to 

six hours and from six to twelve hours using the sign test. How

ever, on day five, the three hour time period was omitted and all 

other changes were significant at the .05 level of signific~nce. 

The null hypothesis is rejected except.for the change from one to 

three hours on day two. 
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The second hypothesis related to serum concentrations 

stated that there will be no difference in the level of maximum 

gentamicin absorption on the second and fifth days postburn. Four 

out of five patients had a much higher maximum serum concentration 

on day five. Due to the relatively small sample size, the differ

ence was not statistically significant and the hypothesis cannot 

be rejected. Although the results are suggestive that higher 

serum levels can be attained on day five, a sample size of approx

imately fifteen patients would be required for similar results to 

be significant. 

Gentamicin Concentrations in Urine 

Following the subeschar administration of gentamicin on 

postburn days two and five, volume urine specimens were collected 

from one to twenty-four hours and from twenty-four to forty-eight 

hours. Gentamicin concentrations were then measured using the 

enzymatic assay and reported in milligrams per 1000 ml. Urine 

samples were taken for baseline determinations on day two and day 

five prior to the administration of gentamicin. No data are re

ported for patient number 6 who was eliminated from the study on 

the third postburn day. 

On day two no baseline value exceeded O. 5 mg. /ml. Gentami-

cin concentrations for four out of five patients during the firS t 

twenty-four hour period ranged from a low of 31.7 to a high of 

33. 3 mg. /1000 ml. From twenty-four to forty-eight hours, the value 
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for these same patients decreased markedly to a range of 0.26 to 

13.18 mg./1000 ml. as reported in table 5. An exceptionally high 

value is reported for patient 4. No explanation can be given for 

this value. The average change between one to twenty-four and 

twenty-four to forty-eight hour values is 35.68 mg./1000 ml. with 

a standard deviation of the change equal to 22. 83 mg. /1000 ml. 

Using a paired t test, this decrease was found to be significant 

at the .025 level. 

PATIENT 
NUMBER 

1 

2 

3 

4 

5 

!MEAN 
I 
lsTD. DEV. 

TABLE 5 

GENTAMICIN CONCENTRATIONS IN URINE: DAY 2 
mg. /1000 ml. 

1-24 
HOURS 

24-48 
HOURS 

TOTAL EXCRETION 
MEASURED MEAN STD. DEV. 

32.30 13.18 23.01 22.74 13.52 

33.30 1.00 16.16 17.15 22.84 
-.. - - - -· . -

31.70 12.20 22.24 21.95 13.79 

75.03 0.26 41.07 37.65 52.87 

33.00 0.30 19.92 16.65 ·23.12 

41.07 5.39 24.48 

19.00 6.68 9.65 

Gentamicin Concentrations in Urine: Day Five 

Baseline concentrations measured prior to subeschar clysis 

on day five with no gentamicin given in the interim had dropped to 

a range of Oto 3.0 mg./1000 ml. No values are reported for 
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patient 4 due to improper storage of the urine specimens. Values 

reported for the first twenty-four hours for three out of four 

patients ranged from 37 .8 to 57 .5 mg./1000 ml., with a mean for the 

four patients of 35.78 mg./1000 ml. The mean value for the con

centrations measured at forty-eight hours greatly decreased to 

11.18 mg./1000 ml. as reported in table 6. The measured levels of 

excretion were higher on day five than on day two for all patients 

except number 5. The average change between one to twenty-four 

hours and twenty-four to forty-eight hour values was 24.59 mg./1000 

ml. with a standard deviation of the change equal to 20.96 mg./1000 

ml. This decrease was significant at the .05 level of significance 

using a paired t test for the analysis. 

PATIENT 
NUMBER 

TABLE 6 

GENTAMICIN CONCENTRATIONS IN URINE: DAY 5 
mg. /1000 ml. 

1-24 24-48 
HOURS ·HOURS 

TOTAL EXCRETION 
MEASURED 

STANDARD ' 
MEAN DEVIATION 

11 37.80 17.30 27.65 27.55 14.50 

12 57.50 5.90 32.74 31. 70 36.49 
r 

-
3 46.90 21.34 33.00 34.12 18.07 

-·--·· ~- ~ 

5 0.9 0.20 0.55 .55 .49 
--

MEAN 35.78 11.18 23.49 

STANDARD 
DEVIATION 24.60 9.09 I 15.49 
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The total amount of gentamicin excreted following sub

eschar administration, as measured in this study, does not approach 

the 85 to 90% excretion rate reported in the literature. It is 

apparent from the relatively small volume of the urine·sample ob

tained, however, that not all of the urine excreted by each patient 

for forty-eight hours following subeschar clysis was contained in 

the specimens analysed. Possible explanations for the error in 

volume include the frequent specimens sent for urinalysis, sodium 

and potassium, culture and sensitivity, as well as that lost due to 

gross contamination of topical agents when an indwelling urinary 

catheter was not being used. 

The gentamicin concentrations measured at the end of 

twenty-four hours were higher than those measured at the end of . 

forty-eight hours on both day two and day five. These decreases 

were significant. Thus, the hypothesis stating that there will be 

no significant difference in the amount of gentamicin excreted in 

the urine in twenty-four and forty-eight hours following adminis

tration by subeschar clysis is rejected. Results from this small 

sample are suggestive, but not conclusive, and indicate the need 

for further investigation. 

Summary 

The analysis of the data obtained in this descriptive study 

revealed that the rate and level of gentamicin absorption by the 

blood from the subeschar space is significant. Serum 
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concentrations of gentamicin during the first three hours follow

ing subeschar administration on day five were within the therapeutic 

range. The pattern of serum uptake from the wound interface is 

one of rapid increase during the first three hours with a subsequent 

decrease. The amount of gentamicin measured in the uririe in the 

first twenty-four hour period following subeschar administration 

was greater than that measured for the second twenty-four hour . · 

period of time. The results from this study suggest that similar 

patterns of gentamicin absorption and excretion following subeschar 

administration are likely to be seen with a larger patient sample. 
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CHAPTER V 

SUMMARY, CONCLUSIONS, IMPLICATIONS, AND RECOMMENDATIONS 

Summary 

A descriptive study was conducted to investigate the sub

eschar route of antibiotic administration, a new method of 

preventing and treating infection in the burn wound. Gentamicin 

concentrations obtained in serum following subeschar administration 

were measured by the radioimmunoassay to describe the pattern of 

absorption from the wound interface. The amount of gentamicin 

excreted in the urine was measured by the enzymatic assay to 

determine the amount of absorption and the pattern of elimination. 

The sample included all patients admitted to the adult burn unit 

during the study period who met the criteria for the study. 

A review of literature revealed burn wound infection to. be 

the major cause of mortality and morbidity in patients experiencing 

extensive thermal injury. The burn wound provides optimal condi

tions for bacterial growth and proliferation, and colonization occurs 

rapidly. Many methods of combating burn wound infection have been 

used throughout the years with varying results. A degree of success 

in treating burn wound infection and resulting sepsis was first seen 

with the use of systemic antibiotics and topical chemotherapeutic 

agents, With widespread clinical use, the limitations of these 
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agents became evident. Systemic antibiotics and most topical 

agents fail to reach the devitalized tissue of the wound in concen

trations sufficient to inhibit or prevent bacterial growth. Other 

disadvantages include drug sensitivity, metabolic alterations, and 

the development of resistant bacteria. The need for clinical in

vestigations of new methods of preventing and treating burn wound 

infection is evident in the literature. 

The subeschar route of antibiotic administration provides 

a method of delivering powerful drugs to the interface of viable and 

nonviable tissue where the invasive proliferation of bacteria occurs. 

This descriptive study was designed to investigate the amount of 

absorption from the wound and the blood levels obtained from this 

absorption. The amount of gentamicin excreted in the urine follow

ing subeschar administration was also measured. 

The data gathering instruments used in this study were the 

radioirnmunoassay and the enzymatic assay for gentamicin. The radio

immunoassay was used to measure gentamicin concentrations in serum 

samples taken at one, three, six, and twelve hours following sub

eschar administration on the second and fifth days postburn. The 

concentration of gentamicin in the urine from one to twenty-four and 

twenty-four to forty-eight hours following drug administration on 

the second and fifth days postburn was measured by the enzymatic 

assay. 
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Analysis of the data indicated that the pattern of gentamicin 

absorption from the wound interface is one of rapid increase in the 

first three hours following administration with a subsequent gradual 

decrease from three to twelve hours. The pattern of ahsorption on 

day two and day five followed the same trend. However, peak serum 

concentrations on day five were much higher and demonstrated that 

therapeutic blood levels of gentamicin can be achieved with this 

method of administration. There was a significant change (p <.05) 

observed in the serum levels measured at all time periods except 

from one to three hours following drug administration on postburn 

day two. The amount of gentamicin measured in the urine following 

a single subeschar dose was found to decrease rapidly .after twenty

four hours. This decrease was significant at the 0.025 level using 

the paired t test. 

Conclusions 

The analysis of the data obtained in this study provided the . 

b.:isis from which the following conclusions were derived: 

1. Gentamicin provides an excellent prototype for 

studying routes of antibiotic administration 

since it can be accurately measured in bio

logic fluids by laboratory assays. 
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2. The subeschar route of antibiotic administra

tion in burned patients appears to be an 

effective method of delivering antibiotics to 

the burn wound. 

3. Therapeutic blood levels of gentamicin can be · 

obtained on day five with this route of 

administration. 

4. Gentamicin is rapidly absorbed by the blood 

from the interface tissue following adminis

tration by subeschar clysis. 

Implications 

The pattern of gentamicin absorption following subeschar 

administration, as measured by this study, provides an index for 

the evaluation of some aspects of the current clinical use of sub

eschar antibiotics. At the present time, the treatment regime 

consists of clysing the wound once daily with the antibiotic 

solution. The results from this study indicate that serum 

concentrations of gentamicin dropped below the therapeutic range of 

4 to 5 mcg./ml. by six hours following clysis. Thus, administering 

the drug only once every twenty-four hours does not maintain adequate 

blood levels and may facilitate the development of resistant 

bacteria. The amount of antibiotic given by the subeschar route is 
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usually comparable to the twenty-four hour dose given intra

muscularly. Serum concentrations measured in this study were below 

the toxic levels described in the literature. This may imply that 

higher doses can be safely given by this route of administration. 

The need for accurate monitoring of serum concentrations is essential 

in attempting to regulate doses and achieve the maximal safe level. 

In addition to these implications for clinical practice, this study 

has specific implicat:i.ons for nursing. 

Nurses in all critical care areas are confronted with the 

problem of incorporating the increasing fund of information made 

possible by research in nursing-related disciplines into available 

nursing knowledge. In addition, they are challenged to utilize 

nursing research to advance and structure nursing knowledge as a 

basis for the improvement of nursing education and practice. The 

strength of any system of nursing rests with the interdependent 

relationship of nursing education, nursing administration, · and 

nursing practice. Advancements in the prevention and treatment of 

burn wound infection, such as the subeschar route of antibiotic 

administration, have direct implications for nursing 'and provide the 

basis for future nursing research in this area. 

Nursing Education 

The problem of infection as the major complication of burn 

injury has long been recognized by nursing educators. In the 
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rapidly advancing area of burn care, new methods of monitoring and 

treating the burn wound are evolving. The subeschar route of anti

biotic administration is one such advancement which shows promise 

for the future. An acute awareness and an active integration' of new 

advancements into the body of nursing knowledge by those who plan and 

develop the curricula is imperative for excellence in nursing 

practice. 

Nursing Administration 

Effective nursing administration serves to bridge the gap 

between research and practice by developing ways to apply knowledge 

through nursing actions and technologies. It is the responsibility 

of nursing administration to insure effective and efficient nursing 

practice utilizing all aspects of the nursing process. The incor

poration of information from research in nursing and related 

disciplines is particularly important in the rapidly changing area 

of specialized burn care. Active inservice education and continuing 

education programs must be utilized to update the knowledge of burn 

nurses. New methods of wound treatment, such as the subeschar route 

of antibiotic administration and the monitoring of wound flora ,by 

quantitative biopsy, bring to nursing additional parameters fo,r 

assessing the patient and new responsibilities in the form of nurs

ing intervention. Nursing administration is also charged with the 

responsibility of providing supervision and support as this new 

knowledge is related to clinical practice by the burn nurse~ , 
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Nursing Practice 

In the specialized area of burn care, research is an inte

gral part of patient care. As the role of the specialized burn 

nurse evolves, it becomes evident that nursing practice· and research 

are interdependent. The professional nurse must be able to incor~ 

porate the knowledge from research into a product of nursing practice. 

This study has implication for nursing practice particularly since 

the role of the nurse in administering subeschar clysis has yet to 

be described. 

In the research unit where subeschar antibiotic administra

tion is used as an adjunct to other types of wound treatment, , the 

nurse is responsible for preparing and administering the antibiotic · 

solution. In order to perform these functions safely, the nurse 

must have knowledge of the drug, the solution in which it is to be 

mixed, and the technique for administration. Knowledge of the anti

biotic is especially important since the single dose which is given 

by subeschar clysis is usually equivalent to the total twenty-four 

hour dose given by other routes. There is an inherent danger of 

rapid absorption resulting in toxicity. Many antibiotics also 

contain sodium and potassium. When given in large doses, the anti

biotic can cause electrolyte imbalances. The solution in which the 

antibiotic is administered is also important since it may contain 

electrolytes or, because of its composition, render the antibiotics 

ineffective. The total amount of fluid given by subeschar clysis 
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must also be considered as it can cause fluid overload. Thus, the -

nurse must have a knowledge of the fluid and electrolyte status of 

the patient before the subeschar clysis is administered. 

The technique for administering the subeschar clysis is 

described by Baxter et al. (1974). This technique requires constant 

monitoring by the nurse and limitation of mobility for the patient 

while the clysis is infusing. The needles are inserted into the 

subeschar space and positioned to facilitate the slow, steady flow 

of fluid. Many problems have been experienced with this technique. 

Needles frequently become dislodged and fall out of the eschar. 

Some of the antibiotic solution is frequently lost in this manner. 

In addition, the cost of subeschar clysis, in terms of nursing time 

and equipment utilized for the current procedure, is a concern. 

Use of subeschar route of drug administration also brings 

other new responsibilities to nurses. The observation of the burn 

wound becomes even more important as the eschar is repeatedly 

penetrated by multiple needle clyses. These sites represent yet 

another portal of entry for pathogenic bacteria. As yet, the 

responsibilities of the nurse in administering subeschar drugs have 

not been described. This represents a new area of information which 

must be incorporated into the nursing care of the thermally injured 

patient. 
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Recommendations 

Based on the findings of this study, thefollowing recommen

dations are made: 

1. Further study should be conducted to .measure 

gentamicin concentrations in serum following 

subeschar administration in a larger patient 

sample. 

2. Further investigation of the subeschar route 

of drug administration should be conducted to 

determine the amount of absorption and the 

blood levels obtained from that absorption 

for all antibiotics commonly used in treating 

burn wound infection. 

3. Further investigation to establish optimal 

dosages and time intervals for administration 

should be conducted to insure the maximum 

effectiveness of the antibiotics. 

4. Further investigation of various techniques 

for administering subeschar clysis should be 

conducted to identify the most effective and 

efficient technique. 

5. Further investigation of the effectiveness of 

subeschar antibiotic administration in reduc

ing the concentration of bacteria in the burn 

wound should be conducted. 
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6. Further investigation of the parameters for 

evaluating the physiological and psychological ' 

response of the patient to multiple needle 

subeschar clysis should be conducted. 

7. Further investigation of the role of the 

professional nurse in procuring biopsy 

specimens for culture and administering 

subeschar drugs should be conducted. 
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