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CHAPTER I 

INTRODUCTION 

Thermal trauma is unique in its destruction of tissue and the 

physiologic response that ensues and is well recognized as one of the most 

severe types of trauma that the human body encounters. It is commonly 

accepted that there is no other injury with physiologic problems as diffi

cult to manage as those resulting from a severe burn. 

The keynote to successful therapy is the prevention of burn shock 

and sepsis, and the effective utilization of specific methods of early 

skin coverage. Early skin coverage is a primary aim of burn management. 

Until recently, the major focus in the early management of patients sus

taining severe thermal trauma has been on fluid resuscitation and the 

application of various topical antibiotics to the burn eschar. During 

the immediate period following burn injury, with attention centered on the 

administration of appropriate parenteral support, the care of the burn 

wound has been directed at the application of various topical antibiotic 

agents. The burn eschar was protected in this manner and left alone un

til spontaneous seperation from the underlying normal tissue occurred, 

allowing for the injured area to be covered with autogenous skin. 

Surgical excision of the burn wound is a more recent method util

ized to secure early skin coverage of the burn wound. The surgical tech

nique of excisional therapy has made a difference in the mortality rate 

in the younger age groups who have sustained major thermal trauma. Despite 

this aggressive surgical approach, excisional therapy has not shown it

self to alter the outcome of the burn course in patients above the age of 
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forty years with a 40 percent or greater total body surface area thermal 

injury. According to the National Burn Information Exchange, the patient 

population above forty years of age with a greater than 40 percent thermal 

injury now faces a mortality rate of 80 percent without early removal of 

the burn eschar and satisfactory skin coverage (Feller et al. 1976). 

Statistics such as these demonstrate the need to evaluate excisional ther

apy as the optimum approach to burn care in terms of physiologic altera

tions present and demographic data available in patients above forty years 

of age who have sustained a major injury. 

The approach taken in the management of major thermal trauma is 

influenced by physiologic parameters such as 1) size and depth of the burn 

injury, 2) the part of the body sustaining the injury, 3) age, and 4) the 

past medical history. The criteria utilized to determine whether a sur

gical approach to the burn wound is preferable have a physiologic basis. 

Clinical manifestations that are observed are: 1) the patient's response 

to adequate fluid resuscitation, 2) burn shock, 3) early sepsis and, 

4) other acute metabolic complications ass·ociated with major thermal 

trauma. These clinical manifestations make it difficult to determine an 

optimum time in the acute burn phase for an aggressive surgical procedure 

to remove burn eschar and provide early skin coverage. 

The aging process in general imposes a gradual decline in organ 

function related to the loss in number of cells and viable cell function. 

This additional stress is superimposed upon a massive total systemic res

ponse within an adult age group, forty years of age and over, that to 

this time has responded poorly to aggressive surgical management. 
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This adult patient population poses a dramatic challenge to the 

nurse responsible for the assessment, planning, implementation, and eval

uation of nursing care. Accurate interpretations and documentation of the 

patient's clinical status is dependent upon an understanding of the altered 

physiologic response and expected outcome. The burn nurse is acutely aware 

of the need for consistent and accurate information to be given to meet 

the need for support of both the patient and the family. Nursing personnel 

must be able to assess those factors which relate to survival in the burn 

patient. This is especially critical when dealing with the adult patient 

above forty years of age with a greater than forty percent thermal injury 

faced with the prospect of excisional therapy so that the nurse can predict 

the most realistic outcome for the patient and the family. 

Statement of the Problem 

The problem of this study will be to identify the salient physio

logic alterations present in specified clinical and laboratory parameters 

following major thermal trauma in a selected group of patients who have 

undergone surgical excision of their burn wound. 

Purposes 

This study will have the following purposes: 

1. To identify the incidence and trend of abnormalities in 

specified laboratory values and clinical parameters pre

operatively and postoperatively in the group of survivors and 

the group of non-survivors in the adult excision study sample. 

2. To identify a deteriorating clinical course after the first 

surgical procedure in both the survivor and non-survivor groups. 
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3. To identify nursing implications for recognition and inter

pretation of significant data related to the physiologic 

response in this burn population. 

Background and Significance 

The most common complications seen in the burn patient are septi

cemia, pneumonia, renal failure, and heart disease. These complications 

have been noted to be the most common cause of death and are the results 

of severe stress that thermal trauma places on specific organ systems as 

well as the ability of the organ systems to compensate. 

Patients over forty years of age are not only susceptible to the 

severe stress of burn injury, but are also vulnerable to the physiologic 

changes associated with the aging process. Early wound coverage is thus 

vital to the adult patient who has been placed in a high risk mortality 

category due to age and percent of total body surface area burned. Sur

gical excision of the burn wound is a method of treatment that may be 

utilized to secure early skin coverage. 

Since refinement and acceptance of this aggressive surgical tech

nique, mortality and morbidity related to burns of less than 40 to 50 per

cent total body surface area in young adults and pediatric age groups 

have demonstrated a significant reduction (Feller et al. 1976). These 

results have not been observed in the older age group with greater than 

40 percent injury (Feller et al. 1976). For this reason, the assessment 

of this population requires further investigation. 

The background and significance of this study describes the his

tory of excisional therapy as well as the physiologic systemic response to 
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major thermal insult as demonstrated in the adult burn population. Included 

is the role of the burn nurse specialist responsible for delivering and 

evaluating the care of these patients. 

Several important physiologic disturbances occur as a result of 

thermal trauma. For example, immediately after thermal injury, massive 

fluid and electrolyte changes are complications of circulatory, hematologic, 

and metabolic derangements. In addition to these stresses on body function, 

after the shock period sepsis may be superimposed upon the altered respon

ses (Baxter 1966). In contrast to the younger and physiologically more 

normal adult, the adult patient population over the age of forty frequently 

manifests more than one pathologic process. "Nearly all have some degree 

of arteriosclerosis, even if it is not clinically diagnosed, and many have 

associated chronic cardiac, renal, hepatic or pulmonary disease" (Pruitt 

Mason and Hunt 1976). 

Major thermal trauma initiates a pathophysiologic response that 

affects the function of almost every organ system. The most immediate 

life-threatening response is the syndrome of burn shock. The sequestra

tion or loss of large volumes of both plasma and extravascular, extra

cellular fluid are the most important components of burn shock (Vaught 

et al. 1974). 

Kilgore et al. (1965) have demonstrated that a significant amount 

of rapid fluid loss occurs during the first few hours post burn Extra -

cellular fluid and plasma are being sequestered into the burn wound site. 

During this same time, fluid loss is thought to be for the most part, the 

translocation of sodium and water from the extravascular extracellular 
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space into skeletal muscle cells. Studies have shown that a reduction of 

38 to 50 percent of the functional extracellular fluid volume occurs with

in the first eighteen hours postburn (Baxter 1977). 

Electrophoretic analysis of burn wound edema has demonstrated that 

the protein concentration of edema fluid is a mirror image of plasma 

containing proportionately as much globulin as albumin. In these studies 

by Baxter, it was apparent that capillary integrity was sufficiently dis

rupted to allow large size molecules of at least 350,000 molecular weight 

to leak from the circulation at the same rate as the smaller albumin 

(60,000 molecular weight) fractions (Baxter 1974). 

Several formulae have proven to be effective in providing adequate 

fluid resuscitation. Hypotension and renal failure are rare when fluids 

are begun promptly postburn and administered in sufficient volume. The 

accepted clinical response by the adult burn patient to adequate fluid 

resuscitation with the crystalloid resuscitation formulae are as follows: 

1) urine volume maintained at 50 to 100 milliliters per hour, 2) a clear 

and lucid sensorium, 3) pulse rate maintained at less than 120 beats per 

minute, 4) blood pressure normal to high, 5) central venous pressure less 

than five centimeters of water, 6) nausea or signs of ileus are absent, 

7) cardiac output at normal values, 8) sodium bicarbonate values 18 meq. 

per liter, 9) urine sodium excretion greater than 30 meq.per liter 

(Baxter 1975). 

Failure of the patient to respond adequately to fluid resusci

tation influenced by 1) miscalculation of thermal injury, 2) the presence 

of associated injuries, 3) respiratory tract injury and/or 4) the presence 

of a myocardial depressant factor in some adult patients (with less 
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extensive injury) and in younger patients with burns of more than 65 per

cent total body surface area (Baxter 1974). 

Significant problems encountered in the management of burns in the 

older adult age group have been outlined by Baxter, (1974). Important 

among these problems is the limited ability of this burn population to 

envoke the normal compensatory mechanism to hypovolemic shock, as well as 

failure of atherosclerotic blood vessels to constrict which severely 

impairs blood flow to the myocardium. These patients have been observed 

clinically to fail to develop tachycardia, thus superimposing additional 

stagnant flow to the already deficient circulation. Clinical observations 

noted in this burn population may include bradycardia, arrhythmia, low 

voltage electrocardiograms and/or clinical shock. Fluid therapy should be 

adjusted to achieve the maximum rate of administration within the limits 

of the myocardial function, to maintain a normal to slightly elevated 

central venous pressure, and to achieve maximum cardiac output. Rapid 

digitalization may be employed in those individuals with a previous 

history of clinical heart disease and in those who develop signs of left

sided heart failure or who have persistently low cardiac outputs (Baxter 

1974). 

Immediately after the burn shock phase, sepsis is recognized 

as an ever-present threat to the burn patient's survival. Moncrief 

(1973) described the early colonization of the surface of the burn wound 

by a mixture of flora in which the gram positive organisms give way by 

the third post burn day to a flora in which gram negative organisms be

come dominant. By the fifth day post burn injury, invasion of the burn 

wound well beneath the surface is underway. 
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Immediately after the insult of a full thickness injury, the vas

cular supply to the burn area is completely occluded. This area remains 

occluded, and fails to demonstrate any appreciable circulation until granu

lation tissue which usually forms in abundance only at the interface between 

burned and unburned tissue is present. In the partial thickness thermal 

injury, circulation to the burn area ceases immediately, but is rapidly 

restored within 24 to 48 hours post burn. However, if invasive infection 

supervenes, progressive thrombosis of the re-established circulation occurs, 

resulting in conversion of partial thickness skin destruction to one of 

full thickness skin loss. This large volume of nonviable tissue in the 

burn wound provides an excellent medium for bacterial growth. Failure to 

remove this bacterial medium in large burns, and thus reduce the size of 

the injury, leads to sepsis and death (Moncrief 1973). 

Surgical Management of the Burn Wound 

Early removal of large areas of full thickness burn as a therapeu

tic measure to reduce the morbidity and mortality in acute thermal injury 

has been attempted with varying degrees of success during the past fifty 

years (MacMillan 1970). In 1929 Wells reported on the use of primary 

excision in electrical burns in which closures were either primary or 

delayed (MacMillan 1970). Later, in 1942, Young reported the successful 

excision of a large area of full thickness injury involving the back, 

on the day of burning and immediate closure of the wound with skin grafts 

(Young 1942). The patient involved was discharged on the seventh hospital 

day. 

In 1956, Meeker and Snyder published their experience with derma

tome debridement of burn wound ranging from 50 to 60 percent of the total 
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body surface area of thirteen children. Debridement of full thickness 

wounds with the dermatome resulted in a 60 percent reduction in the period 

of hospitalization compared to the hospitalization time of a similar group 

of children treated by conventional therapy (Meeker and Snyder 1956). 

Fifteen years later in 1957, MacMillan and Artz reported on their 

early experience in a prospective evaluation of early excision involving 

25 percent or more of the total body surface area between the second and 

fifth post burn days. They found that it was frequently necessary to use 

two teams to accomplish excision this extensive. This study also emphasized 

the importance of wound closure with autografts and/or homografts to pro

tect the patient from invasive infection (MacMillan and Artz 1957). 

In 1967, MacMillan summarized his experience with fifty patients 

on whom surgical excision was performed. In twenty patients excision 

involved less than 15 percent of the body surface area, no deaths were 

attributable to the operative procedure, and a significant improvement in 

the rate of postburn mortality was noted (MacMillan 1967). 

Haynes reported his experience with a patient population of thirty, 

treated with early surgical excision involving immediate or delayed graft

ing. These patients had sustained burns of up to 60 percent of the total 

body surface area. Haynes noted that a smaller percentage of take re

resulted with immediate autografting than with delayed autografting 

(Haynes 1969). 

Nursing Implications 

Jacoby addressed several nursing considerations for elderly 

patients sustaining thermal injuries (Jacoby 1972). Thermal injury in 
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the older patient can present varied problems, requir~ng nursing personnel 

to deal with several nursing factors which must be considered in the 

management of the older burn population. 

Fluid resuscitation in the acute burn phase demands careful plann

ing and monitoring. Appropriate measures for the recognition and/or preven

tion of pulmonary complications must be provided. The management of pain 

must be carefully defined. Attention should be given to protecting the pat

ient from over-medication which can cause inappropriate alteration in mental 

status. Nutritional needs in the older adult must be carefully planned 

and monitored. Significant changes in the patient's clinical status must be 

appropriately documented and reported. Consequently, the burn nurse special

ist responsible for delivering and evaluating care to thermally injured pat

ients in the critical care setting must be accurate in the interpretation 

and recording of all monitoring techniques used in assessing the patient. 

When a patient faces certain demise, as predicted clinically, moral 

issues may arise regarding resuscitation efforts (Jacoby 1972). The ques

tions raised by the moral issues need to be responded to as they relate 

to resuscitation efforts and the decision to pursue excisional therapy 

as the means of treatment. In such instances, the burn nurse specialist 

must be able to provide consistent and accurate information to helping 

meet the needs of the patient and family. 

Patients selected as candidates for excisional therapy are sub

jected to an aggressive surgical procedure so nursing must be able to 

assess accurately those factors which related to survival in the older 

adult burn population in order to relate the most realistic outcome to 

both the patient and the family. 
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The adult patient more than forty years of age, having sustained a 

forty percent or greater total body surface area thermal injury, statis

tically appears to be of special challenge in terms of mortality and 

morbidity. Early aggressive surgical excision does not appear to have in

fluenced survival in this population. Review of studies involving eval

uation of early aggressive surgical excision as an influence in the outcome 

of acute thermal trauma indicates that success depends upon the proper 

selection of patients, early total removal of nonviable skin, and early 

coverage of the surgical wounds. The burn population to be studied needs 

further evaluation in order to determine if alterations in specific clini

cal and laboratory parameters influence survival in what has been an accep

table surgical candidate to this time. Post operative complications in

crease with delay in surgical application. It becomes necessary to 

look for candidates that demonstrate clinical criteria based on the pat

ient's physiologic response to injury. 

As demonstrated above, thermal injury initiates a systemic response 

that is unlike any other injury. The appropriate management of burn shock 

and the necessity for securing early wound coverage can be clearly docum

ented as important to a decrease in morbidity and mortality. 

The burn population over forty has not demonstrated statistically 

that the method currently used for this age group, early skin coverage, 

will influence mortality in this population. It is necessary to evaluate 

the procedure relative to the physiologic response demonstrated by this age 

group to burn shock resuscitation and wound sepsis before and after ex

cisional therapy. 
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Definition of Terms 

1. Eschar - an avascular area made up of non-viable biologic 

material produced as a result of a burn agent (Dorland 1974). 

2. Partial thickness injury - destruction of varying depth of 

epidermis with coagulation necrosis; congestion and coagulation 

in the subdermal plexus is noted. Some skin elements remain 

viable and the superficial layers may be wiped away. Clinical 

appearance includes erythematous weeping and, often, painful 

blisters (Baxter 1977). 

3. Full thickness injuries - there is destruction of all skin 

elements, coagulation of the subdermal plexus. Full thick

ness injuries are dry, hard, inelastic, translucent, with 

thrombosed veins visible (Baxter 1977). 

4. Clinical alterations - specifically related to: 1) blood 

pressure, 2) pulse, 3) respirations and 4) temperature meas-

urements. 

5. Laboratory alterations - specifically related to measurements 

of the 1) hemoglobin, 2) hematocrit, 3) platelets, 4) white 

blood cells, 5) creatinine, 6) sodium, 7) potassium, 8) 

chloride, 9) bloodpH, 10) P0
2

, and 11) Pco
2

. 

6. Normal laboratory values - those values which enable the cell 

to maintain normal functioning through a situation of dynamic 

equilibrium (Reed and Sheppard 1971). Normal laboratory 

values as established by the participating agency and used in 

this study were: white blood cells, hemoglobin, hematocrit, 
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platelets, creatinine, sodium, potassium, chloride, glucose, 

Po
2

, PC0
2

, pH. (see appendix B). 

7. Excisional therapy - the main details involved in deep excis

ional therapy are the complete removal of dead tissue, tem

porary closure of the wound, and methods for either primary or 

delayed permanent wound closure. 

8. Tangential excision - implies excision of the necrotic surface 

of a burn taking repeated slices parallel to the skin surface 

using a dermatome or skin graft knife; this is in contrast to 

cutting down to fat or deep fascia with a scalpel and excising 

burned skin and subcutaneous tissue together (Jackson 1972). 

9. Primary excision - surgical removal of an area of full thick

ness thermal injury including fat or deep fascia with a scalpel 

and excising burned skin and subcutaneous tissue together down 

to viable tissue. 

10. Autograft - a graft of tissue derived from another site in or 

on the body of the organism receiving it (Dorland 1974). 

11. Heterograft - a graft of tissue transplanted between animals 

of different species (Dorland 1974). 

12. Homograft - a graft of tissue between individuals of the same 

species but of desparate genotype (Dorland 1974). 

13. Topical agents - chemotherapeutic antibiotic ointments. 

14. Burn wound sepsis - active proliferation of gram organisms in 

numbers exceeding 10 to the 5th power per gram of tissue and 

associated with active invasion of the subjacent unburned 

tissue (Moncrief 1973). Clinical signs: disorientation, ileus 
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dark urine, tachycardia, extremes of temperature (hyper

thermia and hypothermia and tachycardia. Early signs include 

cerebral changes, tachypnea, a falling platelet count, and 

glycosuria. Late signs include hypotension, oliguria and 

deterioration of the burn wound (Baxter 1977). 

15. Adult - for the purpose of this study, any person above the age 

of forty. 

Limitations 

The limitations for this study were as follows: 

1. The researcher had no control over the accurateness or avail

ability of recorded data within the medical record. 

2. Availability of all necessary medical charts was not guaranteed. 

3. Several patients studied had injuries other than those per

taining to the study and/or pre-existing disease. 

4. Depth of the burn injury was subject to individual judgment. 

Delimitations 

The delimitations for this study were as follows: 

1. The population for this study were patients who were forty 

years of age and older with a forty percent or greater total 

body surface area burn. 

2. Surgical excision of the burn wound was the only method of 

wound management with the exception of the use of topical anti

biotic agents. 

3. The patient population received initial care as related to 

fluid administration in response to burn shock and management 
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of the acute burn phase under the direction of the physican 

staff at the designated county hospital from April 1973 to 

August 1977. 

Assumptions 

For the purposes of this study the following assumptions were made: 

1. Size of thermal injury and age of the patient are key deter

minants in mortality in the burn population. 

2. Coverage of the burn wound with viable tissue is necessary for 

survival in acute thermal injury. 

3. Removal of burn tissue and immediate grafting will alter the 

patient's clinical course. 

Summary 

Statistics demonstrate that in spite of the implementation of excis-

ional therapy to secure early burn wound closure at the present time there 

has not been a significant improvement in the mortality rate of adult burn 

patients above the age of forty with a greater than 40 percent total body 

surface area injury. Rationale for the need to obtain early wound closure 

has been discussed. The altered systemic response to thermal insult in 

the adult has been presented. In addition the need for further evaluation 

of the excision procedure as it related to patient response in the adult 

burn population is recognized. For this reason, the assessment of physio

logic data in this clinical series requires further investigation. 

Chapter II presents a review of the literature about the altered 

pathophysiologic response to thermal trauma in burn shock, cardiovascular 
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function, pulmonary response, renal response, and hematologic alterations. 

The mechanisms of burn wound invasion and burn sepsis are described. A 

review of the literature on excisional therapy of the burn wound, history, 

methodology, and criteria for patient selection is presented. The patho

physiologic aspects of the aging process as it relates of the older adult 

burn population selected for excisional therapy are reviewed and nursing 

implications for this patient population are discussed. 

Chapter III discusses the procedure for collection and treatment of 

data obtained from review of the medical record. Development and testing of 

the tool utilized for data collection and interpretation by the Department 

of Biostatistics at The University of Texas Health Science Center is 

included. 

Chapter IV discusses the analysis of the clinical, laboratory, 

and demographic data obtained from the records to be studied. Statistical 

analysis is presented when applicable. 

Chapter V includes a sunnnary of the study, and conclusions derived 

from the analysis. Implications and reconnnendations for future study are 

made based on the results of the data analyzed. 



CHAPTER II 

REVIEW OF LITERATURE 

Introduction 

The magnitude of thermal injury in the United States is supported 

by data from the National Center for Health Statistics which confirms that 

more than two million persons are seriously burned each year (Jacoby 1972). 

Because of the seriousness, frequency, and cost of this injury there con

tinues to be a great need for earnest evaluation of the methods used for 

the treatment of the burn victim to insure some progress in terms of mor

bidity and mortality rates. 

Moore (1975) pointed out that wherever definitive care is given, 

the burn patient is subject to many months of intensive physical suffering, 

with the outcome of therapy in some doubt during this time. A 50 percent 

total body surface area thermal injury in a fifty-year old patient still 

offers only a 50 percent chance for survival (Moore 1975). This mortality 

figure reaches even higher levels (85 to 95 percent) for burns of limited 

extent in the elderly. A review of the literature revealed that within 

the adult age group, above forty years of age, with 40 percent or greater 

total body surface area thermal trauma, overall mortality remains un

affected by any quantum advance in surgical treatment. For this reason, 

it becomes important to describe this adult population in terms of their 

compensation to the altered pathophysiology and ensuing complications 

associated with thermal trauma before and after selection for 

surgical excision of the burn wound. 

-17-
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Some specific characteristics of the adult burn prone population 

are presented in the following sections. Included is a review of the 

altered pathophysiologic response to major thermal trauma in the more mature 

adult as it relates to the severe stress identified in the mechanisms of 

burn shock, cardiovascular response, pulmonary complications, renal and 

hematologic alterations followi_ng burn injury. Burn wound sepsis is 

discussed as it relates to the clinical course of the thermally injured 

adult. Discussion of the surgical technique of excisional therapy as an 

optimum early aggressive approach to the management of the burn wound is 

included as well as technical considerations in terms of age and extent 

of injury in the adult patient with extensive burn injury. 

Burn Injury in the Adult Population 

Clinical data obtained from a consecutive series of 155 adult burn 

cases was reviewed by MacArthur and Moore (1975). This adult patient sample 

was described as being predisposed to burn injury if they suffered problems 

that altered their perception of or response to the challenge of heat, or 

the presence of flame. This could also contribute to the nature or extent 

of injury. In the adult patient recognized as predisposed to burn injury, 

six categories were identified: 

(1) drugs -- sedatives, overuse of opiates, acute and chronic alcoho
lism, or psychedelic drugs; (2) degenerative vascular disease -
atherosclerosis, including cerebrovascular accidents and coronary 
occlusion; (3) age -- advanced senile degeneration and helpless
ness; (4) chronic neurological disease -- multiple sclerosis, 
paraplegia, epilepsy, and nerve injury; (5) chronic mental ill
ness -- paranoid schizophrenia, dementia, "feeblemindedness", 
suicide attempts and homocide; (6) miscellaneous -- associated 
trauma or prior physical injury precluding an attempt to 
escape from the heat source (MacArthur and Moore 1975:262) 
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Of special importance to the study was the relationship of chronic visceral 

disease of the liver, brain and heart contributing to the morbidity and mor

tality in the older adult-burn population. 

Pruitt, Mason and Hunt (1976) describe a series of 107 burn patientE 

50 years of age or older who were cared for at the U.S. Army Institute of 

Surgical Research between 1964 and 1972. The average extent of injury in 

this adult population was 31 percent of the total body surface with 15 per

cent full thickness burns. Sixty of these patients survived, but 47 died. 

The most common cause of burn injury in this study was the mishandling of 

fuel or gasoline. 

However, Pruitt et al. (1976) attributed causes of thermal injury 

to the lowered awareness of the hazards and the decreased mobility of the 

aging adult. As demonstrated in the studies described above, complications 

associated with the aging process in general lend an opportunity for poten

tial thermal injury and influence expected outcome in the older adult 

patient. 

Bull (1971) reported that between 1946 and 1964 overall mortality 

in burn units did not significantly change. With the development of anti

microbial topical agents as the routine prophylaxis against gram positive 

and gram negative organisms, mortality figures began to improve. 

Recent data (representing 21,000 cases) published by Feller (1976) 

from the National Burn Information Exchange, demonstrated some baseline 

results in survival as influenced by size and depth of the burn, age, and 

sex of the patients, as well as the topical agent used. The survival 

curves shown in Figure 1 demonstrate survival probabilities in relation 

to age and total percent of body surface area burned. 
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Figure 1. Sigmoid curves showing survival of man as function 
of total percent of body surface and age. 

Source: Irving Feller, M.D., D. Flora Jarius, Jr., PhD., 
M.P.H. Bawol, "Baseline: Results of Therapy for Burned Patients," Journal 
American Medical Association 236 (October 1976:1944). 

The extent of the total body surface area involved appears ini

tially to influence the vulnerability of the adult burn population. For 

the adult burn patient older than forty years of age, with a greater than 

40 percent total body surface area thermal injury, the magnitude of injury 

becomes potentially more lethal than for the patient younger than forty. 

Mortality in the adult population appears to be significantly 

increased with the presence of full thickness thermal burn. However, the 

percent of body surface area that has sustained a full thickness injury 

does appear to be a determining factor in survival in all age groups. 

Demonstrated in Figure 2 is the survival percentage for specified age 

groups relative to the number of full thickness burns as reported by 

Feller (1976). 
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Figure 2. Curves estimated by probit analysis showing survival 
as function of full thickness burn and age. 

Source: Irving Feller, M.D., D. Flora Jarius, Jr., Ph.D., and 
M. P. Bawol, "Baseline Results of Therapy for Burned Patients," Journal 
American Medical Association 236 (October 1976:1945). 

Age and sex has been shown to be an important factor in an indivi

dual's physical ability to respond with the necessary physiologic compen

satory mechanisms to thermal injury (Figure 3). Feller (1976) categorized 

five age groups that were found to differ significantly at the 5 percent 

level: 1) five to thirty-four years, 2) two to four years and thirty-five 

to forty-nine years, 3) zero to twenty-four months and fifty to fifty-nine 

years, 4) sixty to seventy-four years, and 5) seventy-five years and older. 

The differences are significant eno_ugh to be important clinically in 

terms of expected outcome. 
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Figure 3: Survival curves estimated by probit analysis for specified 
age and sex groups. 

Source: Irving Feller, M.D., D. Flora Jarius, Jr., Ph.D., and 
M.P.H. Bawol, "Baseline Results of Therapy for Burned Patients," Journal 
American Medical Association 236 (October 1976:1946). 

Sex has also been shown to be an important factor in survival of 

thermal injury (Figure 3). Survival rates for male and female patients 

differed significantly for patients five to thirty-four years old and older 

than sixty years of age. Male patients, however, did exhibit a greater 

tolerance for burn injury in all categories than did females. 

These statistics, which demonstrate clearly a decrease in survival 

in the older thermally injured adult, indicate that it is important to give 

consideration to the existing state of health and the percent of depth of 

injury of the adult population. It is also important to understand ·the 

management of the adult patient with an altered systemic response in 

order to decrease mortality rates in this burn population. Utilizing 

excisional therapy as a means to obtain early closure of the burn wound 
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with healthy viable tissue, it would be possible to shift survival curves 

significantly upward in the adult burn population. 

Pathophysiologic Considerations in the Adult Burn Patient 

Evidence that the heart plays a primary role in the cardiovascular 

response to thermal trauma was first supported by the work of Dodson and 

Warner (1957). Their studies demonstrated that there was a striking de

crease in cardiac output prior to the change in plasma volume in response 

to thermal injury. The work of Merriam (1962) and Fozzard (1961) demonstra

ted a decrease in contractility of cardiac muscle in experimental scald burns. 

The myocardium is subject to a specific response as a result of 

major thermal trauma in the adult patient. Cardiac output falls immediately 

postburn to between 30 and 50 percent of normal in thermal injuries greater 

than 30 percent of the total body surface area (Baxter 1977). Moncrief 

(1973) presented evidence of a decrease in myocardial contractility in all 

burns greater than 40 percent total body surface area. Baxter and Cook 

(1966) isolated a circulatory substance that was removed from burn patients. 

When this substance was administered to animal models, persistently low 

cardiac outputs results. This "myocardial depressant factor of burn shock" 

has a molecular weight of approximately 1,000 and is not a known amine or 

kinin substance (Baxter, Moncrief et al. 1970). The exact mechanism of 

action is not known. The depressant factor is clinically manifested by 

failure of the cardiac output to respond to fluid therapy. This response 

is seen in burns of massive size, in lesser burns of patients with pre

existing heart disease, and often in elderly patients with a limited 

myocardial reserve. These patients fail to respond to fluid therapy. 
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Additionally, Pruitt, Mason and Hunt (1976) cautioned that the immediate 

post burn hypercoagulability in association with progressive blood volume 

deficit may increase the risk of myocardial infarction in patients with 

pre-existing coronary artery disease. 

The cardiac status of the burned adult is also extremely important 

in terms of anesthesia for those patients selected for excisional therapy. 

Duflot (1973) summarized the status of the cardiovascular system from the 

viewpoint of the anesthesiologist. Observations described by Duflot are 

acute myocarditis, hemoconcentration with increased viscosity of the blood, 

forms of intravascular clotting, and hypovolemia. Duflot discussed ab

normal alterations in electrolytes such as an increase in serum potassium 

levels, which may lead to rapid cardiac deterorization if deplorizing 

muscle relaxants are utilized during anesthesia. 

Burn Shock 

A major burn wound sets into motion a cascade of pathophysiological 
changes affecting the function of almost every organ system. The most 
immediate life-threatening pathologic response to burn injury is the 
composite syndrome of burn shock (Baxter 1976:271). 

The most important component of burn shock is identified as the seques

tration or loss of body fluids, both plasma and extravascular extracellular 

fluids. Burn shock differs from all other forms of shock in that it is 

primarily due to a loss of plasma rather than of whole blood, is pro

portional to the extent and depth of the thermal injury, and develops 

insidiously over several hours (Rogenes and Mayland 1976). 

In 1959, studies conducted by Shires, Williams, and Brown des

cribed the functional fluid volume changes in third degree flame and 

scald burns in untreated primates. Serial measurements of the fluid 
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volume compartments utilizing sulfur 
35 

(total extracellular fluid), 

125 51 
I tagged albumin (plasma volume),and chromate tagged red cells 

(red cell mass) were obtained from the burned primate models. These studies 

demonstrated that the rapid loss of fluid in the first few hours postburn 

(one to four hours) is, for the most part, the result of a translocation of 

sodium and water from the extravascular extracellular spaces into skeletal 

muscle cells throughout the body even those removed from the site of burn 

injury. The transmembrane potential measurements combined with an analysis 

of water and electrolyte contents of the muscle demonstrated that a major 

portion of the sodium containing fluid lost during the first one to two 

hours postburn is a result of the movement of sodium and water into skeletal 

muscle cells. Approximately one-third of the extracellular fluid surrounding 

the muscle cell is translocated from the extracellular space to an intra

cellular location (Shires, Williams and Brown 1959). 

In 1963, Michie et al. described the major hemodynamic changes 

initiated by "burn shock" in an animal model. Scald injuries were inflicted 

on fourteen dogs. The major hemodynamic alterations observed were decreased 

cardiac output, decreased central blood volume, and increase mean circulatory 

time. Minor changes were observed in mean arterial blood pressure and 

pulse rate. These observations were explained as being a consequence of 

arterial and/or venous vasoconstriction resulting in decreased capillary 

flow. The decrease caused: 1) increased transudation of fluid through 

the capillary walls with resultant edema formation, 2) hemoconcentration 

and possible "sludging", and 3) a decreased effective circulatory volume, 

and therefore decreased venous return to the right atrium. This, in 
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turn, lead to a decreased central blood volume and a decreased cardiac 

output (Michie et al. 1963). 

In another study Kilgore et al. (1965) undertook to assess changes 

in the fluid volume spaces induced by large full thickness burns in un

treated primates, to compare changes in flame and scald burns, and to 

assess the validity of isotope measurements of fluid compartments in acute 

burns. Results of this study established the validity of the reinjection 

isotope technique for acute fluid changes after burns. Analysis of the 

burn wound fluid demonstrated that it was not intracellular in composition. 

The volume space measurements showed that this fluid is principally derived 

from the functional extravascular, extracellular fluid. The similarity 

of these fluid volume changes to comparable untreated scald and flame 

burns, did not account for previously observed differences between the 

two types of burns. 

The mechanisms of fluid losses in the immediate postburn period in 

untreated primates were investigated again by Vaught et al. in 1974. Both 

the amount and rate of the extracellular fluid loss in the early postburn 

period were shown to be greater than that observed in relation to the rate 

of edema formation. 

The evidence that normal skeletal muscle participated in these 

early sodium and water losses was documented again. Serial alterations in 

the cellular membrane potential were measured. Muscle biopsies were 

done for analysis of total water and electrolyte content. Results of the 

study demonstrated a rapid decrease in transmembrane potential and a 

concomitant increase in intracellular sodium, suggestive of a cellular 
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dysfunction of skeletal muscle membrane in unburned areas. It was hypo

thesized that within the first hour after thermal injury the inhibition 

of Na and K+ transport resulted in the intracellular movement of water, 

producing cell swelling and a decrease in extracellular fluid volume. The 

Vaught study supported the idea of rapid extracellular fluid volume de

pletion prior to or concomitant with the sequestration of sodium and water 

which is known to occur in the burn wound and provided a critical para

meter for the evaluation of resuscitation regimens (Vaught et al. 1974). 

Increased capillary permeability is one of the most significant 

physiologic components in burn shock. This alteration allows for the leaking 

of protein-rich plasma from the vascular bed to the interstitial spaces. 

It has been demonstrated that proteins with molecular weight as large as 

300,000 dalton can escape from the vascular bed after burn trauma. Pro

portionately, more fluid than cellular content is sequestered from the intra

vascular space, which results in a hemoconcentration as seen in elevated 

hematocrit and hemoglobin measurements. This phenomenon is explained by 

Rogenes and Mayland (1976) by Starling's Law. 

Under normal conditions, the amount of fluid leaving the vascular 

bed is equal to the amount of fluid returning to the circulation by reabsorp

tion at the venous end of the capillaries and by lymphatic flow. Thermal 

injury alters this process. The increased local blood flow raises the 

capillary hydrostatic pressure and forces more blood constituents out of 

the capillary bed. The colloid osmotic pressure of the interstitial space 

may increase due to a leakage of cellular elements and protein from within 

the circulation. The high interstitial oncotic pressure then exerts a 
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pulling force on the vascular fluid and the net filtration from the 

capillaries increases. Edema develops because the lymph flow is in-

adequate to return the increased interstitial fluid volume. 

Fluid Resuscitation and the Treatment of Burn Shock 

The primary goal of fluid resuscitation during the first seventy

two hours postburn injury is to restore and maintain cardiac output and 

plasma volume. Until 1952, there was no standardized guide for fluid 

replacement in acutely burned patients. Several formulae (Table 1) have 

since proven to be effective for fluid resuscitation. Hypotension and 

renal failure are rare when the fluid is administered promptly in the post

burn period and in sufficient volume (Pruitt 1974). 

COLL01DS 

ELECTROLYTES 

NON
ELECTROLYTES 

TABLE l 

FLUID RESUSCITATION l'ORHULAS FOR FJRST 24 IIOURS OF BUHN TREATHENT 

f.:VANS FORMULA* 

1.0ml/kg / % BSA 
burned 

Physiologic Snline 
l.Oml/kg/ 7, BSA 

Burned 

2,000 ml. 
5% dextrose in water 

BROOKE FORMULA* 

0. Sml/kp;/ ;~ BSA 
burned 

lactated Ringer's 
1.5 ml/kgr: BSA 
Burned 

2,000 ml. 
dextrose in water 

BAXTER FORMULA* 

None 

lactated Ringer's 
4 ml/kg/ % BSA 
Burned 

None 

U.W. FORMUI .A* 

None 

lactated Ringer's 
plus 20 mEq. 
Nal!CO /l 
3 ml/~g/ % nsA 
burncJ 

None 

l!YPERTON1C 
LACTATED 
SALINE FORMULA** 

None 

JOO mEg. Na/L 
100 mEq. CL/1. 
200 mEq. lactate/I 

None 

* One-half of these fluid :, are given Jn the first eight hours and onP-fourth of the fluid in each of the second 
and third elglit-lio ur per i.od. 

**No rate available. 

Source: Paula R. Rogenes and Joseph Moyland. "Restoring 
Fluid Balance in the Patient with Severe Burns," American Journal 
of Nursing (December 1976:1953). 
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It should be rembered from the previous discussion of the pathologic 

physiology of fluid loss in the thermally injured adult patient, that the 

rate of loss from the circulation is maximal over the first few hours and 

gradually declines over the course of the next two days (Shires et al. 

1960). The rate and the volume of fluid loss are related to the size of 

the burn injury (Kilgore 1965). The amount of fluid replacement is deter

mined by the size of the patient and the extent of the injury (Baxter 1971). 

In 1963 the Brooke formula was offered, recommending a 1:3 colloid 

to electrolyte ratio. These formulae provide fluid therapy in a similar 

ratio, but the ratio of electrolyte to colloid solutions differs. The 

Brooke formula has been widely used as a guideline for fluid therapy in 

the acutely burned patient however, there has been some controversy about 

the need and efficacy of colloid administration in the initial postburn 

period. Proponents of colloid administration state that it has success

fully reduced burn mortality in the past twenty years and has definite 

therapeutic effects while other researchers are able to demonstrate 

similar survival statistics with electrolyte resuscitation formula. The 

beneficial effect of the use of colloid in fluid resuscitation for burn 

shock may be due to its sodium content because colloids do not remain in 

the intravascular space in the immediate postburn period. Other objections 

to the use of colloid during the initial period are their hazards, cost, 

and lack of availability (Rogenes and Mayland 1976). 

Crystalloid solutions alone are being employed by many institutions 

as the fluid therapy for burn shock resuscitation. Use of the crystalloid 

solutions requires that it be a balanced salt solution, which will prevent 

the dilutional acidosis and hypernatremia often seen with the use of 
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normal saline solutions. Baxter (1977) suggested that the amounts re

quired and rate of administration of crystalloid solutions are correlated 

with the measured volume deficits in earlier studies. Rough calculation 

of crystalloid replacement that is based on the experimentally determined 

measured volume deficits is 4 cc of Ringers lactate solution X kilogram 

of body weight X percent of total body surface area burned. 

Baxter stated that no mathematical formula exists by which burn 

patients can be resuscitated. Any given formula should serve only as a 

means of providing the clinician with an order and magnitude of fluid 

volume and not as a regimen to be followed blindly (Baxter 1977). 

The problem of burn shock resuscitation in adult patients with 

burns exceeding twenty-five percent of the body surface area is the limi

ted capacity of the patients to initiate the normal compensatory mechanisms 

to hypovolemic shock. The atherosclerotic blood vessels fail to con

strict and the myocardial blood flow is severely impaired. In 1976, 

Pruitt et al. noted that in aging adults with major thermal trauma, the 

physiologic tolerance to resuscitation fluid volume is diminished and 

their limited administration to balance the hazards of hypovolemia against 

those of volume excess. They further suggest that the least volume 

necessary to maintain organ function should be administered during fluid 

resuscitation. 

At the end of the first twenty-four hour period post-thermal 

injury, cardiac output should be returned to normal; expansion of the 

plasma volume can and should be accomplished. Regardless of the formula 

selected to ensure adequate resuscitation to burn shock, the rate and 

volume of fluids administered are imposed on an already severely stressed 
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cardiovascular system in the older adult burn population. Clinical 

guidelines offered as signs of adequate fluid resuscitation of "burn 

shock" are descrubed by Baxter (1976) in the following table. 

TABLE 2 

SIGNS OF ADEQUATE RESUSCITATION OF "BURN SHOCK" 

1. Clear Sensorium - normal responses; "appropriate pain related to 
injury site; no restlessness 

2. Hourly Urine 

Adults: 
Children: 

Elderly: 

Output-

50-70 ml/hour 
10-15 ml/hour 
15-25 ml/hour 
20-70 ml/hour 

- ages 1 to 3 (1 ml/kg/hour) 
- ages 3 to 12 
- amount of fluid administered depends 

more on wedge pressure and cardiac 
output. 
Urine output is not a reliable sign 
of resuscitation. 

3. Blood pressure - hypotension important; normal or high equal 
expected response 

4. Pulse Rate: 

Adults: 
Children: 

140/minute 
180/minute 

5. Body Temperature - Normal (ambient temperature to 80 to 84 
degrees F.) 

6. Hematocrit-Hemoglobin concentration (Reliably only in 24 to 30 
hours postburn). 

7. Absence of Ileus or Gastric Atony 

8. NaHCO - Above 18 mg/liter 

Source: Baxter, C.R. 1976. Initial care of thermal burns, chemical 
and electrical injury and cold injuries. Prepared for The Americal College 
of Surgeons Emergency Care Manual, p. 81. 
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Pulmonary Response to Thermal Injury 

Baxter, Decosse, and Green (1959) investigated hypoxia following 

thermal injury. Sixteen adult burn patients were studied at intervals 

from injury to recovery in order:to establish the presence and severity of 

hypoxia in relation to the severity of thermal trauma; to determine the 

relationship of acid-base derangements occurring after burn injury and; 

to evaluate diagnostically and therapeutically the response to oxygen 

therapy. Results indicated that as the severity of thermal injury in

creases, hypoxia becomes more severe being most marked beginning after 

the initial shock phase and into the recovery period. 

In this series, a decreased arterial oxygen tension without 

alkalosis occurred in patients with a burn index of less than twenty 

percent TBSA. In patients with burn injuries of greater magnitude, the 

degree of decreased arterial oxygen tension and severity of alkalosis 

were parallel. Hypoxia occurred only in some patients with a burn index 

of 40 to 60 percent total body surface area and was uniformly present in 

patients with a burn index greater than 60 percent. These results 

indicated to the investigators that there is a defect in the pulmonary 

gas exchange, common to thermal burns graded in severity to extent of 

thermal trauma. 

These findings were supported by Epstein et al. (1963). The oxy

gen tension of arterial blood was reduced in seventeen out of twenty-eight 

previously healthy young adult burned patients during the early postburn 

period. Hypoxemia was found to be frequent even though auscultation of the 

chest and chest films revealed no specific abnormalities. The low oxygen 

tension was believed to be due to an impairment in diffusion or uneven 
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distrubition of alveolar gas and blood takeover. Results from this study 

pertain to previously healthy adults, but clinical experience at the 

Surgical Research Unit at Brooke Army Medical Center, indicated that prob

lems in oxygenation are exaggerated in children and the aging adult 

(Epstein et al. 1963). 

Pulmonary vascular circulation following burn insult was inves

tigated by Cook et al. in 1968. Since investigation by this group had 

identified the presence of a vasoactive substance after thermal trauma 

producing a 47 percent drop in cardiac output within a short period after 

injury, they concluded that significant alterations in the pattern of pul

monary blood flow must also occur in response to the vasoactive substance. 

Microscopic sections of the lungs taken from animal models showed a pro

gression from interstitial edema and perialveolar round cell infiltration 

to congestive atelectasis. 

Within one hour of a fifty percent third degree flame burn, marked 

recruitment of the vascular beds, dilatation of capillaries, and pooling 

of blood formed elements were noted in these studies. The marked recruit

ment of blood in the pulmonary vascular beds, and dilatation and con

gestion of the alveolar capillaries was observed. An increase in pul

monary vascular resistance of up to 400 percent was shown (Cook, Baxter, 

Ferrell 1968). The results demonstrated showed a decreased total lung 

compliance and an increase in functional residual capacity which resulted 

in activation of stretch reflexes with tachypnea and hyperpnea. Accom

panying ventilatory studies showed a decrease in alveolar Pco
2 

resulting 

in an overcompensated alkalosis and a marked increase in the ventilatory 
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equivalent of the o
2 

(Baxter 1966). These ventilatory changes have also been 

documented by Harrison (1968). 

In 1974, Pruitt described the studies that were done by Moritz and 

Spitzer at the U. S. Army Institute of Surgical Research. These studies 

document that hyperventilation with both increased ventilatory rate and 

increased tidal volume is a stereotype response to thermal trauma in the 

adult patient which is directly related to burn size. This hyperventilation 

has been noted to be of modest degree in patients with thermal trauma of less 

than forty percent total body surface injury and to be universal in patients 

with burns of more than forty percent total body surface area involvement. 

It is of esepcially striking magnitude (40 to 50 liters per minute) in 

patients with a more extensive thermal trauma. Changes in the pulmonary 

mechanics of ventilatory function occur in these patients and appear to be 

most pronounced in some patients with more extensive burns. 

Static compliance is described as is dynamic compliance, but dynamic 

compliance does not fall further with rapid breathing, suggesting that small 

airways are not significantly deranged. With the exception of patients with 

inhalation injury, airway resistance is normal, which indicates an absence 

of significant large airway disease. Pressure volume work of breathing 

was elevated in the patients studied due to the decrease in compliance. How

ever, in approximately one-half of these patients it is at or below the upper 

limits of normal for the laboratory facility used. 

Pruitt suggested that hyperventilation, if persistent and pro

gressive in and/or itself, is one of the indications for mechanical 
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ventilation in the burn patient, especially if this is associated with an 

increase in pressure volume work of breathing. Indications for mechanical 

ventilation in the burn patient are essentially the same as for other 

patients: 1) inability to generate an inspiratory force of 20 cm of 

water, 2) an arterial oxygen tension of less than 60 mm HG, 3) an arterial 

carbon dioxide tension above 55 mm HG, 4) a vital capacity of less than 

two liters, 5) an alveolar arterial oxygen difference of 350 Hg. or more 

while breathing 100 percent oxygen, and 6) progressive pulmonary con

solidation chest films (Pruitt 1974). 

Pulmonary edema in the adult-burn patient may be induced by any of 

several mechanisms. When non-colloid fluid is administered, the entire 

extracellular space becomes enlarged including that in the lungs. The 

extracellular space in the lungs may be preferentially over hydrated as a 

result of fluid resuscitation for burn shock, predisposing to respiratory 

problems. Pulmonary edema in the thermally injured adult may be induced 

by two particular events: 1) a wide shift of circulatory volume that 

follows fluid infusions in the acute phase or reabsorption of burn edema 

in the convalescent phase, and 2) fulminative pulmonary edema, although 

rare, resulting from endotracheal intubation or tracheotomy which inhibits 

glottal control over respiratory tract pressure. A decompensatory myo

cardium, as a result of pre-existing disease or age, is another source 

of pulmonary edema (Furnas, Bartlett, and Achauer 1973). 

The thermally injured adult is prone to pulmonary edema even 

in the face of minimal changes in hydrostatic pressure. Changes in the 

capillary endothelium may result from prolonged exposure to high levels 

of oxygen or from the embolization of firbin, platelets, fat , or denatured 
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proteins during low flow states. When the ratio of tissue perfusion to 

metabolism is decreased in the capillard bed, metabolism shifts from aerobic 

to anaerobic sources resulting in a lactic acidosis. Cellular energy 

stores are depleted, oxidation pathways no longer function, and membrane 

damage is prominent. In addition, autolytic enzymes from cell breakdown 

products may activate clotting in the capillaries. When adequate blood 

flow is re-established, the products of anaerobic metabolism, cellular 

breakdown, and intravascular coagulation are entered into the venous cir

culation. Lung tissue acts as a "sieve" for these materials and can sus-

tain damage by capillary endothelium from activation of vasoactive kinins 

or from the intravascular coagulation (Furnas, Bartlett, and Achauer 1973). 

VENTILATION: PERFUSION RELATIONSHIPS 

OUTFLOW 
BLOOD 

·. Gas exchange relationships. Alveolus A ( or segment A or lobe A) is normal; 
ah-eolus B has a decreased V /Q {ventilation/perfusion) ratio; alveolus C shows diffusion 
block; alveolus D snows atelectasis and physiologic shunting; alveolus E shows no blood 
Aow from embolus --ventilation of dead space only. (Reproduced from Bartlett, R. H.: 
Post-traumatic pulmonary insufficiency. In Cooper, P., editor: Surgery annual, New York, 
1971, Appleton-Century-Crofts.) 

Source: David W. Furnas, Robert H. Bartlett, Bruce M. Auchauer, 
"Burns: Managenent of the Respiratory Tract", Symposium on the Treatment 
of Burns, 1973, p. 54. 
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Respiratory pathology in the older adult burn patient is progressive. 

Hypoxia with hyperventilation, hypocapnia, and respiratory alkalosis are 

concerns in important findings that are clearly associated with the early 

response to the initial flow state and/or a progressive pulmonary 

insufficiency. Bronchospasm, atelectasis, pulmonary edema, and a bac

terial pneumonia may also be components of the early clinical course. 

Damage of the respiratory tract has been documented at several burn insti

tutions across the country to be the most prevalent cause of early death 

in this population (Bartlett and Allyn 1977). 

Renal Respone to Thermal Injury 

The renal function in the acutely burned adult patient is in

fluenced by several systemic responses set in motion after injury. Early 

oliguria due to the massive fluid shifts of burn shock; the fluid ad

ministered to correct these shifts; cardiovascular and hormonal changes; 

infection; and medications are all influential in determining renal res

ponse to the burn (Feller and Archambeault 1973). The normally funct

ioning kidney maintains body fluid at a consistent composition, volume, 

and pH and variable amounts of water with both inorganic and organic 

substances are filtered through the kidneys. Thus, not only the quantity 

of urine produced, but also the concentration of substances in the urine 

is an important factor in evaluating renal sufficiency. 

Disruption of renal function in thermal injury has been investi

gated from several pathophysiologic perspectives: the vascular basis for 

acute renal failure in response to burns; the tubular basis for acute 

renal failure as a result of thermal trauma; and the alterations in the 
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glomerular filtration rate during the acute burn phase. Burn induced 

renal insufficiency may be presumed in its initial phase to be a reversible, 

functional response to the decrease in intravascular volume during burn 

shock. This results in a reduction in renal performance due to altered 

renal perfusion or even more profoundly, renal ischemia (Ollstein, Burns 

1973). 

Early studies by Goodpaster et al. (1946), Sevitt (1956), and 

Graber (1959) demonstrated that glomerular filtration rates fell con

siderably during the first few hours postburn even though plasma admini

stration was most intense. In children, recovery usually occurred by 

twenty-four to seventy-two hours post-burn and azotemia was absent or even 

temporarily moderate. 

It was observed, however, that in the adult population, the low 

glomerular filtration rate persisted or even deteriorated. In these 

adults, severe oliguria was sometimes noted clinically, but in most 

instances, urine flow as normal, near normal or more than normal. A 

decreased tubular reabsorption of water was described in oliguric as well 

as nonoliguric patients developing severe azotemia. When tubular re

absorption balanced the low rate of filtration, the urine flow as normal, 

while oliguia occurred when the glomerular filtration rate decreased. 

Tubular activity patterns were found to be similar in patients who survived 

and in patients who expired with or without proximal or distal tubular 

necrosis. Regardless of azotemia, persistently low glomerular filtration 

rates or oliguria developed. Observations included similar patterns of 

tubular activity that included the maximal absorption of sodium and chlo

ride, the ability to excrete high levels of potassium and the ability to 
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handle urea, creatinine, water and electrolytes differently. The results 

of the tubular activity found in burn patients that survived and in 

patients that expired conflict with the concept that acute . renal failure 

is characterized by loss of tubular function due to renal tubular necrosis 

and the presence of severe oliguria or anuria. The major dysfunction is 

glomerular and not tubular even though tubular necrosis and blockage by 

casts are often found. 

Hollenberg et al. (1968) offered suggestions that the final common 

pathogenic pathway in acute renal failure in man is vascular and involves 

a persistent, homogenous decrease in renal cortical perfusion sufficient 

to cause a cessation of glomerular filtration. 

In Figure 5 the early development of a decreased glomerular fil

tration rate related to the burn-induced hypovolemia and shunting of 

blood from the kidneys is schematically described. A sequence of events 

that produces a reduction of glomerular filtration rate and ischemic acute 

organic renal failure, based partly on the reninangiotenson system, and a 

self-perpetuating component related to aldosterone is also diagrammed 

in Figure 5. The early development of a decreased glomerular filtration 

rate related to hypovolemia and shunting of blood from the kidneys should 

be considered the functional and reversible phase of acute renal failure. 

Although oliguria is present, kidney function, especially the ability to 

concentrate urine is maintained. This period reflects a reduction in 

the glomerular filtration rate, but a maintaining of tubular function 

(Ollstein and Burns 1973). 
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Figure 5 
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Source: Ronald N. Ollstein, and Godfrey C. 
Burns, "Renal Considerations in Man," Symposium on the 
Treatment of Burns, J.B. Lynch and G.R. Lewis, editors, 
St. Louis: The C.V. Mosby Co., 1973, p. 69. 

Although tubular obstruction and disruption is not thought by 

several investigators to be of primary significance in accounting for the 

demonstrated renal impairment in burn patients, tubular alterations are 
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considered capable of potentiating the renal failure process. Schemati

cally described in Figure 6 is the mechanism of .burn and the tubular basis 

for acute renal failure 

Figure 6 
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Source: Ronald Ollstein and Godfrey c. Burns, 
"The Renal Considerations in Man," In Symposium on 
the Treatment of Burns, editors J. B. Lynch and S.R. 
Lewis. St. Louis: The C.V. Mosby Co., 19'78, p. 69. 
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The tubular response in burn injury suggests that the _large mole

cular particles representing the breakdown of blood (hemoglobin) and mus

cle (myoglobin) pigments are filtered and in the presence of a reduced 

urine flow are precipitated out of the tubules as obstructive casts. 

The resultant tubular back pressure itself results in a reduction in glomer

ular filtration rate while the tubules augment to swelling and disruption 

(Ollstein and Burns 1973). 

Franklin (1960) described the tubular fluid leaks into the renal 

parenchyma as increasing intrarenal pressure, which in turn decreases 

renal perfusion. It has been suggested that at this time prostaglandins 

are released which act as vasoactive substances and intensify renal 

ischemia by vasoconstrictor effects, with resultant organic lesions and 

often irreversible acute organic renal failure. 

Ollstein (1973) suggested that these two pathways in burns not 

be considered mutally exclusive. Restoring the plasma volume, delivering 

a high sodium load to the macula dense segment of the distal convoluted 

tubule (inhibiting the renin system), and promoting a high urine volume of 

velocity are measures that can be utilized to respond to the intra-renal 

vasomotor changes sustained in thermal trauma. 

Sevitt (1965), in his studies of distal and tubular necrosis in 

kidneys of burned patients, differentiated the two types of necrosis 

as related to age and extent of burn. He described proximal and distal 

necrosis in burned patients as not identical phenomena. Proximal tubular 
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necrosis occurs mai:nly .in ol:der ,;1dult..;ltur11 fft~t:1.entii;, ·who have nephrosclero-

sis and is usually as:soc:iated wfLth olig_i:~i.a.. lD&tt.cal !tl!lbular necrosis mainly 
-:. ·.~ . -: 

affects children and the yoJ1,p.get.· adult 2~nd -m:a-y (0:r -rro.ay 1mot be associated 

with acute renal failure~ 
.. , 

If the n.e-crosis affects many ne.1)1ir,~ms and is widespread through 
the kidneys, it is te¢ned 'diffuse tJ,/'LN ~' and this is associated 
with anuria or severe -pliguria or alt,e·rnatively with a non-oliguric 
form of acute uraemia.:'} If the condition affects few nephrons, it 
is termed ' .focal D. T .NL' a:ad this iB infrequently associated with 
acute renal failure (s:evHt 1965: 279),. 

One aspect of rena~- failure that should be discussed with thermaJ 

trauma is "high output remi1 failure .. " Baxter noted this syndrome when 

acknowledged that uremia oc¢urring without a per:ii.O:d of oliguria and 

accompanied by a daily urine volume of gn~a ter tnarn 1,000 to 1,500 cc per 

day is the most frequent fofm of rena:i1l failure. @fuserved in trauma patients . 

This incidence is five to te.n times mure fire.qtr.e.11D:tt than classic oliguric 

renal failure (Baxter 1966)j 

Description of the }linical ca1)urs:e !J,f fa:±gfu output failure shows 

that without a period of oltguria the daily u:rinie.: volumes are normal or 

greater than normal, often ·-reac:hing levels of .3: m 5i liters per day with 
': ·.'.-

the BUN rising at the same-· time.. Usually, the urea:. nitrogen will continue 

to increase for eight to tw~lve days before a downward trend occurs. Water 

restriction in an attempt to_ produce a decrease in urine volume, rapidly 

produced a hypernatremia without a decre{D:se in water volume. Blood-urine 

urea ratio is about 1:10 until the decre~s-e occurs in the blood urea 

levels. This mechanism is usually -desc.r.ib~ functionally characterized by 

a glomerular filtration rate rn£ ~1(0W 2.:0 :p:eU':"-e-ent and the complete resis-

tance of vasopressi:n for one :t.tJ tttrxee .w.n.eks ,:af;t:en:- tt.b~ blood urea nitrogen 
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has returned to normal. Within the next six weeks, the glomerular fil

tration rate returns to normal and the response of vasopressin become 

normal. Early recognition of high output renal failure after major thermal 

trauma, through serial blood determinations of blood urea nitrogen for 

utilization of the principles outlined to render this form of renal failure 

potentially harmless. Failure to recognize and respond appropriately to 

high output renal failure may result in death from hyperkalemia, hyper

natremia, or acidosis (Baxter 1966). 

Hematologic Considerations in Burn Injury 

The most significant pathology interrelated to fluid and electro

lyte metabolism has been discussed by several investigators as the hyper

dynamic circulatory state. Several factors have been noted as being 

important to the high cardiac output which ranges from 50-300 percent 

above normal demonstrated in the postburn response. One controllable 

element in this tremendous cardiac response is the accurate replacement 

of the continually lost red blood cells generally paralleing the severity 

and extent of the burn. 

Studies by Loebel, et al. (1973) proposed that the progressive 

anemia in the early postburn phase is due to a microangiopathic state most 

likely produced by some unidentified plasma factor. Cross-over studies 

of red cell survival in burned and normal individuals showed that burn red 

cells do not appear damaged by the initial heat source since they assume 

a normal half-life when transplanted to normal recipients. On the other 

hand, normal red cells have a markedly decreased half-life when admini

stered to burn patients during any of the first ten postburn days. These 
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studies indicate that multiple serial transfusions with sufficient amounts 

of packed red cells to maintain a hematocrit of 35 to 50 percent would 

help in the reduction of the cardiac output toward normal without imposing 

a hypervolemia in an already stressed circulation. 

Loebel, Marvin, et al. (1974) emphasized that the decreasing of 

the red cell mass during the first ten days requires continual monitoring 

of the hemoglobin and hematocrit concentrations in order to assure accurate 

maintenance of the normal red cell mass. It is important to note that the 

prevention or maintenance of the red cell mass during these first ten days 

postburn will not result in a complete return of the cardiac output to 

normal. However the hyperdynamic circulation is associated with a super

normal oxygen consumption, indicating the hypermetabolic state of the 

patient. 

Thermal trauma initiated a striking and rapid alteration of 

coagulation factors after injury. Immediately, in the post burn period, 

there occurs an elevation of fibrinogen and fibrin degradation product 

titer with a decrease being seen in plasminogen. This response suggests 

a fibrinolysis subsequent to intravascular coagulation in the area of 

burn injury (Pruitt 1974). 

McManus et al. (1973) eluded to this reponse in published data. 

These investigators discuss the syndrome of disseminated intravascular 

coagulation (DIC) as being characterized by the sudden onset of diffuse 

hemorrhage, the consumption of fibrinogen platelets, Factor VIII activity, 

intravascular hemolysis, secondary fibrinolysis, and biopsy evidence of 

micro thrombi. The syndrome of DIC had previously been described in 
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injured patients, but until this report had not been well-documented in 

burn patients. Five of 274 thermally injured patients admitted to the 

U.S. Army Institute of Surgical Research from March 1, 1971 through 

February 20, 1974, developed clinically significant documented DIC (McManus 

et al. 1973). 

Fibrinogen 

A probable explanation for the massive edema demonstrated in the 

burn wound has been suggested by the studies of fibrinogen metabolism done 

by Curreri, Wilderdink, et al. (1975) and Curreri, Rayfield, et al. (1975). 

This data demonstrated that the disappearance rate of radioisotope labeled 

fibrinogen from the circulation occurs very rapidly. The breakdown of 

fibrinogen in the edema fluid, although rapid, appears to be incomplete. 

Thus there is an increasing concentration of fibrinogen polymers in the 

burn would edema fluid. 

The fibrinogen polymers have molecular weights that range between 

700,000 and 1,000,00 and they appear physically as gels. It can be deduced 

that these polymers produce a mechanical obstruction of the lymphatics 

and venules draining the burn wound area. The rate of the complete break

down of the fibrinogen is indicated in the reappearance of fibrin split 

products within the circulation. 

Baxter has stated that in the first 24 hours post burn, little or 

no fibrin split products are detectable in plasma; then an acute rise begins 

reaching levels of five to ten times the normal blood concentration, then 

gradually diminishing over a period of ten to 14 days post burn (Baxter 

1977). In an attempt to explain this rapid increase in plasma fibrin 

split product concentration in the human burn population, Curreri et al. 
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(1975) studied canine models with a 40 percent flame induced burn injury. 

Conclusions of this group were that the immediate decrease in plasma fibrino

gen concentration can be explained by urinary loss, decreased synthesis, or 

sequestration into a third space. 

The hematologic abnormalities that accompany thermal trauma are 

profound, but so far appear to be poorly determined. Thrombocytopenia 

(MacDonald 1944), rapid clotting times (Fox 1955), and later, a decrease in 

prothrombin concentrations have been routinely observed in the acutely 

burned adult. It has been pointed out by Baxter that the increased whole 

blood viscosity, and increased platelet adhesiveness in the presence of 

fibrin split products appears to be specific for thermal injury. These 

findings may offer an explanation for specific organ malfunction despite 

the rapid restoration of fluid volume and cardiac output. Specific ways 

of treating such hematologic and rheologic abnormalities are currently 

under investigation (Baxter 1971). 

Reticuloendothelial Response to Thermal Injury 

In general, the efficiency of the recituloendothelial system is 

influenced by many factors; the majority of which will tend to impede 

rather than augment its routine functions. Stone (1971) reports that 

circumstances such as acute stress, hypovolemia or even normovolemic shock, 

burns, exogenous and endogenous lack or surplus of specific hormones, 

starvation or deficiencies in certain food stuffs or vitamins, and several 

other conditions have been known to inhibit significantly different func

tions of the reticuloendothelial system. The functions of the reticulo

endothelial system are classified on the basis of the ability to recognize 
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and to measure them. Accordingly, they can be conveniently group as 

follows: 

1. Production and destruction of red blood cells. 
2. Phagocytes (fixed endotheliam, wandering tissue and granulo-

cytic leukocytes). · 
3. Production of antibodies and related serological factors. 
4. Other aspects of. the immune response. 
5. Metabolic functions 
6. Miscellaneous considerations (Stone 1971) 

Warden et al. (1975) has schematically demonstrated the host mech

anism against bacterial invasion (Figure 7). Leukocyte function and its 

relationship to the reticuloendothelial systems along with transfer of the 

immune competent cells are shown. In the acutely burned adult patient 

this mechanism has been shown to be altered by thermal trauma. 

F::.~ure. 7 
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of Leukocyte Chemotoxis in vitro by Chemotherapeutic 
agents used in the Management of Thermal Injuries." 
Annals of Surgery, 181(3):363-0, March, 19 7 5. 
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Pruitt (1974) discussed the elevation of the white blood cell 

levels in peripheral blood in the immediate post burn period. This pheno

menon may be reflected by both demargenation and release of marrow granulo

cytes, perhaps related to steroid and catecholamine levels. In the post 

burn convalescent period, the circulating granulocytopenia has been shown 

to be compatible with shortened white cell survival time. The presence 

of this granulocytopenia and circulating immature cells reconsidered by 

Pruitt as an important contributing factor to the increased susceptibility 

to infections. 

Pruitt refers to the work of P. Lequit, Jr., et al. (1973) in 

demonstrating that lymphocyte dynamics are disturbed following thermal 

trauma, with a diminution of T-cells and a relative increase in B-cells 

in the peripheral blood. These phenomenon may offer some explanation 

for the latter changes in immunoglobulin levels and the immunocompetence 

of the burned individual. 

Any discussion of the response of the significant functions of the 

reticuloendothelial system to the acute burn wound, must take into account 

the potency of the individual bacterial toxins produced by a given bact

erial species from the burn eschar, as well as the amount of toxic material 

manufactured and the absorbed from the burn wound. 

The amount of toxins absorbed in the wound is of great importance. 

Toxins produced in the burn wound vary directly with the total number of 

bacteria harbored in the wound. The consequences of this systemic absorp

tion of toxins are determined by the amount of tissue being invaded and 

the capabilities in the size and efficiency of the recituloendothelial 

system of the host (Stone 1971). 
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Sepsis in Thermal Trauma 

Alexander (1971) considers infection the major unsolved problem in 

the management of patients with acute thermal trauma. 

Infections continue to be the most important cause of death in 
the patient with serious burns, and recent experience reveals that 
this complex problem has not been entirely solved by the use of 
effective antimicrobial agents. Despite the important role of certain 
documented, but presently untreatable abnormalities of host defense in 
the genesis of these infections, much can be done to control their in
cidence and seriousness. Helpful measures are tangential excision of 
the burn wound eschar to aid in early grafting, subeschar injection of 
antiobitics to treat established burn wound sepsis, restricted use of 
systemically administered antibiotics, avoidance of tracheostomy, 
vaccination procedures against selected pathogens such as Pseudomonas, 
and rational approaches to environmental control of the use of topical 
antimicrobial agents (Alexander 1971:435). 

Therapeutic advances during the last several decades have signifi

cantly lowered instances of mortality and morbidity from thermal injury. 

Many of these advances, such as the development of systemic and anti

microbial agents, have been directed at controlling and combating the in

evitable development of infection in thermal injury. In spite of this 

emphasis, sepsis remains the most important cause of death in thermal 

trauma. The adult patient with a greater than 40 percent total body sur

face area injury has been statistically described as subject to almost 

certain demise without some mechanism of combating burn .wound sepsis 

(Alexander 1971). 

Colonization of the Burn Wound 

After the initial phase of "burn shock" Moncrie-1: (1973) describes 

sepsis as the ever present threat to survival. Early colonization of the 

surface of the burn wound by a mixture of flora in which the gram positive 

organisms predominate leads by the third post burn day, to a flora or 
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media in which th~ gram-negative o.rganisms may then become dominant. 

Studies published by Moncrief and Teplitz et al. (1964) show that by the 

fifth post burn day colonization of organisms both gram positive and gram 

negative and invasion of the .burn wound well beneath the surface is under 

way. The active proliferation of these bacteria in numbers that exceed 

100,000 organisms per gram of tissue and associated with unburned tissue 

constitutes "burn wound sepsis" and has been recognized as the single most 

important factor for three-fourths of the deaths occurring before the ad

vent of effective topical therapy (Moncrief, Teplitz, 1964). 

Of extreme importance in this work has been the demonstration that 

fatal burn sepsis occurs in SO .percent of the cases in the absence of any 

noteworthy spread of organisms beyond the local confines of the burn wound 

itself. Therefore, positive blood cultures should not be depended upon for 

a diagnosis of this form of sepsis (Moncrief, Teplitz, 1964). 

Normal .skin provides an exceptionally effective barrier to the 

penetration of surface bacteria, primarily because of its anatomical struc

ture, the antibacterial activity of its secretions and the desiccation of 

bacteria on its surface. Thermal trauma destroys this natural barrier and 

provides a favorable environment and portal of entry for bacteria that are 

normally harbored in skin appendages and for bacteria which colonize the 

surface of the eschar from the environment (Alexander 1971). 

Immediately after the trauma of a full thickness burn, the vascular 

supply to the burn area is completely occluded. Not until almost three weeks 

after the initial injury is any appreciable circulation re-established. This 

exists only in the granulation tissue, which under ordinary circumstances 

generates abundantly only at the interface between burned and unburned 

tissue (Moncrief 1973). 
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In a partial thickness injury, burn circulation to the burn area 

ceases immediately, but is apparently rapidly restored within 24 to 48 

hours. If, however, invasive pathogens supervene, progressive thrombosis 

of this re-established circulation occurs, resulting in the conversion of 

a partial thickness injury to skin destruction of full thickness loss 

(Moncrief 1973). 

It is obvious that the presence of this large volume of nonviable 

tissue media in the burn eschar provides an excellent medium for growth 

of invasive fatal organisms. The importance of the control of the bac

terial population and early removal of this tissue cannot be over-empha

sized. In view of the alterations of the reticuloendothelial system 

previously discussed, it is interesting to note that Alexander, Diognigi, 

et al. (1971), with simultaneous measurements of neutrophil functions and 

numbers of bacteria within the burn wound, demonstrated clearly that burn 

wound sepsis occurs only during periods in which this phagocytic killing 

power is depressed. 

Several authors offer criteria for guidelines in the early identi

fication of burn wound sepsis in the thermally injured patient. Pruitt 

(1974) suggests that the burn wound of every patient with burns of more 

than 20 percent of the total body surface should be examined daily for 

changes indicative of burn wound infection. This protocol identifies the 

most common signs of burn wound infection as being the conversion of part

ial thickness burns to full thickness skin destruction and a dark brown 

to black discoloration of full thickness burns (Pruitt, Mason, and Foley 

1973). Clinical signs identified by this group as indications of invasive 

burn wound infection are listed below: 
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1. Degeneration and dissolution of granulation tissue with formation 
of "neoeschar'1

• 

2. 1~Conversion" of partial-thickness burn to wound with full-thickness 
skin destruction. 

3. Sudden appearance of dark brown to black focal discoloration of 
wound. 

4. Unexpectedly rapid eschar separation. 
5. Dark brown or hemorrhagic discoloration of underlying subcutaneous 

fat. 
6. Sharply demarcated violaceous wound margin. 
7. Metastatic hemorrhagic nodules in unburned tissue (ectyma gangre

nosa). 
8. Vesicular lesions in healed or healing partial-thickness burns 

(herpetic lesions). 
9. Systemic sepsis with no other source of infection identifiable. 

Source: Pruitt, Basil A., Jr., "Complications of Thermal Injury", 
Clinics in Plastic Surgery, October 1974:679. 

Baxter (1977) suggested that the classic signs of sepsis in burn 

patients occur late in the course of "burn wound sepsis" and at this point 

herald a lethal outcome. Disorientation, ileus, dark urine, tachycardia, 

and extremes of temperature (hyper and hypothermia), a tachycardia fol

lowed by hypotension, oliguria and obvious deterioration of the burn wound 

are late signs of invasive burn wound sepsis. Unless other clinical en

tities can be identified as the influencing factor, the triad of cerebral 

change, tachypnea, and a falling platelet count are recognized as clinical 

indications of an early systemic sepsis in the burn patient (Baxter 1977) 

Polk and Stone (1971) point out that the major role of local 

wound infection in burn sepsis is to point to diagnosis and treatment 

focused primarily on the burn wound itself. They support this contention 

with the fact that quantitative bacteriologic studies of burn wound infec

tions have consistently demonstrated large numbers of bacteria when clini

cal burn wound sepsis was apparent. These investigators have demonstrated 

in table form (Table 3) the clinical differentiation between sepsis due 
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to gram positive or gram negative bacteria. The table offers what these 

authors believe is comparison of what may be seen in clinical pictures 

arising from gram positive and gram negative sepsis. 

TABLE 3 

CLINICAL DIFFERENTIATION BETWEEN SEPSIS DUE 
TO GRAi~-POSITIVE AND GRAM-NEGATIVE BACTERIA 

Sign 

Onset 

Temperature 

Blood Pressure 

Urine flow 

WBC Count 

Mental Status 

Ileus 

Wound 

Gram-Positive 

Insidious, 2-6 days 

Spiking to 105 F 

Gradual fall 

Gradual fall 

20,000/rnrn3 or more 

Irrational 

Severe 

Dissolution 

Gt.am-Negative 

Sudaen, 12-36 hours 

101-103F, then hypothermic 

Sudden fall 

Sudden anuria 

Increased, then leukopenia 

Usually clear 

Severe 

Focal Gangrene 

Source: Modified from T.W. Tumbusch et al. "The Rising Incidence 
of Pseudomonas Septicemia Following Burn Injury,~' In 
C. P. Artz (Ed.) Research in Burns. (Philadelphia: Davis, 
1962:238); and H. H. Stone, Control of infection in 
major burns, Journal of Pediatric Surgery. 3:3, 1968. 

Determination of Burn Wound Sepsis 

The early diagnosis of burn wound sepsis is determined by a techni

que which utilizes a method of burn wound biopsy. This technique allows 

for the selection and immediate institution of appropriate systemic bac

terial therapy. Although differing in technique, (biopsy of tissue 
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versus surface culture alone) and denominator, (gram of tissue, kilogram 

of body weight, or cm2 of surface area), these studies offer a correlation 

of special progression of clinical illness with the bacterial colonization 

of the burn wound. The method of quantitative burn wound biopsy cultures 

and its routine use in the case of the burn patient is discussed by Loebl, 

et al. (1973). 

Quantitative wound culture techniques appear to offer significant 

advantages over other methods of sepsis documentation such as blood cul

tures and wound surface cultures. Blood cultures are recognized as help

ful, but are of limited value due to the frequent absence of bacteremia 

in cases of massive life-threatening burn wound colonization. Surface 

culture techniques, which may include swabs, contact plates, or capillary 

gauze techniques, fail to predict accurately the presence or progression 

of the burn wound sepsis because of the poor correlation between the sur

face flora of the eschar cultured and the invasive colonization of the 

deep tissues of the burn wound (Gerogiade et al. 1969). 

Multiple full thickness wound biopsies that are obtained serially 

from representative areas of the burn eschar and cultured quantitatively 

furnish valuable information that relates to the time of invasion or 

organisms below the burned surface and the original sites of colonization, 

as well as to the spread within the burn wound. 

Of even greater importance, the utilization of multiple full 

thickness wound biopsies for assessing the burn wound affords consistent 

evaluation of the response to antibacterial therapy that can be monitored 

by changes in the concentration of organisms in the wound or the changes 
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exhibited in the types of bacterial that are colonizing within the burn 

wound (Baxter, Curreri, Marvin 1973). Bacterial colonization of the burn 

wound may reach concentrations of 10 to the 10th log per gram of burn 

tissue before changes are evident either in the clinical appearance of the 

burn wound or in the detection of the clinical signs or symptoms of sys

temic sepsis (Teplitz et al. 1964). As demonstrated, biopsy cultures are 

used in many ways to monitor the specific pathogenic problems related to 

the burn wound. 

Patients chosen for early massive surgical excision of the burn 
wound are cultured on the day prior to the surgery. Only those with 
sterile wounds or low concentrations of organisms are operated upon, 
since in our experience, removal of tissue growing organisms above 
10 log is hazardous and may prove fatal (Baxter, Curreri, Marvin, 
1973:1516). 

Excisional Therapy of the Burn Wound 

in the Adult Patient 

In the adult burn population, whose compensatory mechanisms to 

pathophysiologic stress may already be compromised due to the aging process 

in general, it should be emphasized that the prolonged length of time that 

may be required for wound debridement and preparation for closure, increases 

the probability of invasive sepsis, continued extensive fluid, protein and 

heart loss as well as the hemostatis, metabolic, and allergic side effects 

of even some topical agents used on conservative therapy. Perhaps most 

important to the management of the adult burn population is that an open, 

contaminated burn wound provides a stimulus for a ''neuro-endocrine 

response leading to the extensive catabolic state so well recognized after 

thermal injury'' (Burke, 1976:478). 
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Jackson (1969) describes the burn wound in·terms of-its clinical 

appearance and pathological involvement. He describes three concentric 

zones in surface and depth: a) The outer zone of erythema is red and blan

ches when pressure is applied; b) The zone of stasis is similar initially 

to the zone of erythema, but within 24 hours capillary blood flow ceases 

here and it appears as a rust colored area which does not blanche when 

pressure is applied; c) The central zone of coagulation - white and with

out blanching from the start and seen microscopically with capillaries 

that are contorted and empty of blood cells. 

Within a few days the zone of stasis becomes indistinguishable 

from the central zone of coagulation. The zone of erythema has the capa

city to heal spontaneously within seven days and usually requires no 

further consideration. The zones of stasis and coagulation are repre

sentative of areas involving more severe burning and invariably will sep

arate and slough, usually from three to six weeks. 

The spontaneous healing for a burn is dependent upon its depth. 

If hair follicles in the dermis are not destroyed, epithelialization 

may take place in about three weeks. Deep dermal burns that destroy 

hair follicles, but allow for intact sweat glands, may take a period of 

six weeks to heal and often require skin grafting for closure. Full

thickness burns invariably require grafting for closure of the wound. 

It is in the interface between normal tissue and destroyed skin 

that organisms proliferate, forming a necrotic, infected dermis. The 

accumulation of this dermis results in the slough of the eschar of the 

burn wound when the wound is left for spontaneous closure. Pathogenic 

organisms are afforded access to the blood stream, due to the location 
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of the interface, and systemic sepsis can ensue. "It seems logical, there

fore, that if burn eschar can be removed before the layer of infected debris 

accumulates, the incidence of invasive sepsis can be diminished" (Beesinger 

1978). 

In a study of 22 patients, MacMillan (1957) presented an analysis of 

data that described the results of staged surgical excision used in four

teen of the cases and of conventional methods used in the treatment of 

eight of the ~ases. The patients studied ranged in age from five to 55 

years. These patients had sustained burn injuries of 35 to 60 percent 

total body surface area with 25 percent or more of the body surface in

volved in full thickness injury. The data showed that the mortality rate 

in the excision group of patients was 42 percent as compared with a 75 

percent figure for the group of patients as compared with conventional 

methods. 

In evaluating the 14 patients treated with surgical excision, 

MacMillan made the following observations: 1) Early surgical removal of 

the areas of full thickness eschar involving 25 percent or more of the 

total body surface area resulted in a temporary improvement in the patient's 

general condition. 2) Homografts were used effectively to obtain temporary 

closure of the burn wound. 3) The decrease in the time period between 

thermal insult and closure of the burn wound with autograft resulted in a 

decrease in postburn morbidity. 4) In this series, the incidence of 

septicemia appeared to have been influenced by early removal of large 

areas of full thickness burn. 5) Experience with this method of approach

ing the burn wound is justification of further critical evaluation 

(MacMillan 1957). 
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Jackson, Topley, and Carson (1960) reported in their controlled 

series that conclusive evidence exists for decreased mortality, decreased 

incidence of burn-wound infection, and shortened healing time. They ex

cised 20-30 percent of the total body surface area with an overall graft 

take of 70 percent. Age of the patients studied was from two to 48 years 

with injuries of 18 to 82 percent total body surface area. 

Cramer, et al. (1962) utilized staged excisions and in their 

series of 11 patients were able to save four high risk patients (95 per

cent mortality). Age of their population ranged from two to 81 years with 

a median range of 46 years and an average burn size of 59 percent. 

Haynes (1969) reported about his trial of 30 patients with burns up 

to 60 percent total body surface area, whose ages ranged from three to 

78 years. He found superior results with excisional therapy in patients 

with a less than ten to 15 percent total body surface area third degree 

burn and though it was important to excise all or nearly all the burn. 

Best results in healing time were seen in younger age groups, although 

elderly patients often had an excellent result. A greater incidence 

of delay in healing was observed in the older adult population. 

MacMillan (1970), after a long and careful study, concluded that 

excision of 15 percent of the body surface area could lessen mortality 

or shorten healing time. In the larger burns (over 25 percent full

thickness injury) no protection against overwhelming infection could be 

noted. MacMillan emphasized excision of all burn eschar to the level of 

the deep fascia, preferably during the first five days after injury. Of 

particular note to the burn population that was being studied by this 

investigator was MacMillan's reference to the work of Haynes (1969) which 
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states that the age of the patient does not have a direct influence on the 

outcome of the excisional procedures performed for full-thickness burns of 

less than 15 percent of the total body surface. Just as Haynes, MacMillan, 

found that in those series of patients in which more than 15 percent of the 

body surface was excised, the best results were obtained in the younger 

patients. This was attributed to the higher incidence of pulmonary and 

cardiovascular complications in the older patient. Haynes (1969) points 

out that the concept of excisional therapy in the management of the burn 

wound is a natural, appealing one to surgeons who are accustomed to treat

ing burn wounds by debridement, with predictable success. 

Janzekovic (1970) presented data describing results obtained 

from 11 patients with extensive burns that were excised within the first 

24 hours post injury. Burn size in the adult population studied was re

duced from 60 percent to 40 percent. 

This meant that remaining burned areas were sufficiently 
large to maintain the body in a pathological state. In spite of this 
a great improvement in the general condition of the patient could be 
observed after the first excision (Janzekovic 1975, p. 42). 

Two techniques of burn wound excision are employed, tangential 

excision and full thickness excision. Which surgical approach is taken to 

the burn wound is determined by the depth of tissue injury. 

Tangential Excision 

Chait et al. (1975) describes tangential excision as the repeated 

removing of very thin slices (0.5 mrn thick) of burned tissue from the zones 

of stasis and coagulation. Dermatome debridement has been utilized success

fully and depends upon the removal of non-viable layers of burn tissue until 

a bleeding base has been defined. Individual excisions are performed at 



-61-

depths of 0.010 to 0.015 inch and layers of skin are removed until active 

bleeding from either capillary or subcutaneous vessels is obtained. When 

this procedure, as described by MacMillan (1970), is skillfully done, mini

mal blood loss occurs. 

Beesinger (1978) identified patients that are ideally suited for 

tangential excision as those that have sustained thermal injuries of part

ial thickness involvement. In the past this procedure was applied most 

often to partial thickness injuries of the hands or feet in which resultant 

function was of great importance. The technique of tangential excision 

has now been expanded to include superficial burns on other areas of the 

body except the face. 

Full-Thickness (Primary) Excision 

The technique of full-thickness or primary excision in the opera

tive treatment of burn patients with deep dermal and/or full-thickness 

burns is described by MacMillan (1967). Many of the considerations in

volving tangential excision are the same for full-thickness excisional 

therapy. This surgical technique involves the direct excision of the 

entire thickness of destroyed skin and subcutaneous tissue down to the 

level of deep fascia. This type of surgical approach to the wound is 

usually reserved for large areas of well defined, unequivocal deep 

full~thickness injury that may involve an entire anatomic area such as 

the chest, back or the extremities. 

In those patients who are found to have deep thermal injury that 

extends below the fascia, debridement must be carried out to include all 

devitalized tissues, including muscle if involved, at the initial 
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surgical debridement. Epithelialization will not occur after tangential 

excision of this deep burn wound and the previously described capillary 

bleeding of a viable tissue base is not seen with excision of these depths. 

At this depth, not only skin, but also the subcutaneous tissue must be 

excised, since autograft will not adhere to fatty tissues. Grafts will 

take on the underlying viable fascia. Grafting is carried out in much 

the same manner as for tangential excision, with the immediate application 

of autograft (when possible) and/or homograft and biologic dressings as 

is applicable. 

Technical Considerations of Excisional Therapy 

The major technical considerations in performing excisional ther

apy procedures are related to the removal of the non-viable tissue, tem

porary closure of the burn wound and the methods for either primary or 

delayed permanent wound closure. 

The surgical approach to the burn wound may be accomplished by using 

a scalpel, the electrocautery, dermatome, or carbon dioxide laser beams. 

Use of electrocautery, or the carbon dioxide laser beam has been shown to 

provide less hemorrhage at the time of procedure, but some surgeons think 

this may leave behind a considerable amount of necrotic tissue (Levine et al. 

1975), (Levine, Salisbury et al. 1975), (Lewis, Quiniby 1975). 

MacMillan (1970) addresses the problem of blood loss during the 

procedure. 

Blood loss is predictable and depends not only on the extent of 
the area to be excised, but also on the post burn day of the excis
ional procedure. The blood loss during an excisional procedure per
formed on the day of burning for a burn involving 5 percent of the 
body surface ranged between 250 cc and 500 cc in contrast to burns 
involving 15 percent of the total body surface area where loss ranges 
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between 1000 cc and 1500 cc. As the day of excision is delayed, the 
blood loss for the same extent of excision increases. While 15 per
cent total body surface burn excised on the first post burn day will 
require approximately 1000 cc replacement, when the procedure is 
performed on the fifth day post burn day the blood loss replacement 
amounts to approximately 2500 ml. The hyperemia which results from 
the burn wound infection can double or triple the amount of blood 
loss occurring during this time (MacMillan 1970:1341). 

Sepsis has been identified as another complication resulting from 

surgical excision. Cutting through burned tissue which may have a high 

bacterial colony count necessitates the institution of preoperative pre

paration with systemic and topical agents. The burn wound biopsy may be 

valuable in determining areas which can be safely excised or in the plan

ning of an optimum time for surgical excision (MacMillan 1970). 

Patients selected for excisional therapy should demonstrate a 

suitability to some specific criteria that have been discussed in the lit

erature by several authors. Haynes (1969) stated that although the age 

of the patient did not have a direct influence on the outcome for patients 

with excisional procedures performed for full-thickness burns of less than 

15 percent of the total body surface area, when a larger percent burn wound 

was involved, the best results were obtained in younger patients. This 

was attributed to the higher incidence of pulmonary and cardiovascular 

complications seen in the older adult patient as a result of thermal trauma. 

MacMillan (1970) suggested that criteria for patient selection should 

include the age of the patient, extent and depth of burn, the interval 

between injury and initial examination, the location of the burn, the 

pressure of associated injuries and illnesses, the availability of ade

quate supportive facilities to accomplish aggressive removal of burn 

eschar, immediate or delayed grafting and intensive postoperative care. 
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Conflicting reports of the response to tangential excision in the 

elderly high-risk patients have been noted by Monafo (1974). His data 

suggested that a significant salvage of life had occurred in this group. 

Nine to twenty patients over the age of 50 who were treated by tangential 

excision survived. No specific data in relation to percent burn size and 

depth was given in Monafo's discussion. The number of deaths observed by 

Mona~o in the elderly high risk patient having been excised was stated to 

be 50 percent fewer than was the overall survival in patients of similar 

age and burn severity that had been registered by the National Burn Infor

mation Exchange. 

Chait et al. (1975) reported that the majroity of their patients 

were young children and that only patients with nonblanching burns under

went tangential excision. In their adult burn population, patients ex

cluded as unsuitable candidates for treatment with excisional therapy, were 

those with superficial erythematous burns or deep charred burns, patients 

in very poor general condition, and those who had B-haemylotic strepto-

coccus in their wounds. 

In general, excisional therapy is selected as the specific mode of 

therapy in burn patients on the basis of age, cardiovascular stability, the 

presence of pre-existing disease states, and the state of infection in the 

burn wound. Patients with large burn wounds and demonstrate clinical signs 

of sepsis such as hyperpnea, falling platelet counts, change in sensorium 

and quantitative burn wound biopsy counts of greater than 10
10 

organism 

should not be considered an excisional candidate until burn wound infection 

is controlled (Beesinger 1978). 
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In an effort to minimize surgical stress CraNer et al. (1962) 

identified the following goals, which are supported by various investi

gators in the literature: 1) an arbitrary limits of 10 to 15 percent tan

gential excision of the total body surface, 2) reduction of blood loss by 

dissection within fascial planes and use of tourniquet whenever practical, 

3) development of acceptable recipient sites prior to permanent grafting 

to insure success of skin grafting, 4) limit anesthesia time to 90 minutes 

or less per procedure. Criteria followed at the institution participating 

in this study included: 1) the limitation of excisional procedure to 

25-30 percent total body surface area, 2) if subsequent exicsions of 

comparable areas are necessary, these are performed usually at two day 

intervals, 3) the limitation of operating room exposure to three hours, 

4) the limitation of blood loss to five to seven units, 5) and intra

operative hypothermia to 93 F. (Beesinger 1978). 

Early removal of devitalized tissue has long been recognized among 

the principles of surgical care. When this same principle is applied to 

major thermal injuries incurred by the adult, burn skin and accompanying 

traumatized tissue can be removed early in the hospital course and healthy 

viable tissue can be closed with autogenous skin at the time of surgical 

debridement, or at a latter time appropriate to the clinical course 

(Beesinger 1978). 

SUMMARY 

In spite of the advances made in the management of the systemic 

effects of major thermal insult topical agents for the control of burn 

wound sepsis, and the refinement of surgical techniques for securing early 



-66-

wound coverage, the overall mortality for patients older than the age of 

forty years, with a greater than forty percent total body surface area 

burn remains high. A review of the literature identified the major phy

siologic alterations that ensue after thermal injury as they relate to the 

adult patient. The rationale for early removal of devitalized tissue was 

discussed with focus being on securing early skin coverage by utilizing 

the technique of excisional therapy in this adult population. 



CHAPTER III 

PROCEDURE FOR COLLECTION AND TREATMENT OF DATA 

Introduction 

The design of this descriptive study was retrospective in nature. 

Some specific demographic data were collected on those patients meeting 

the criteria for the study. Specified clinical and laboratory parameters 

were described in the study. 

This study was initiated to meet the following purposes: 

1. To identify the incidence and trend of abnormalities in specified 

laboratory values and clinical parameters preoperatively and post

operatively in the group of survivors and the group of nonsurvivors. 

2. To identify a significant deteriorating clinical course following the 

first surgical procedure and in the interim before the second excision 

procedure in the survival and nonsurvival groups. 

3. To identify nursing implications in terms of recognition and inter

pretation of significant data related to the physiologic response in 

this burn population. 

Setting 

The setting for this study was the adult burn service of a 797 

bed county teaching hospital located in Dallas, Texas. This institution 

supports an eighteen-bed adult burn center with the capacity for a four to 

six bed acute care unit. The burn center provides organized burn care for 

a large county area, and receives intrastate and interstate referrals. Age

ncy permission for the use of the medical record of the sample selected for 

study from April 1973 to August 1977 was obtained in writing (Appendix A). 
-67-
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Population and Setting 

The total admissions to the adult burn unit from January of 1973 

to December of 1977 was 1,478. Of those patients admitted to the adult burn 

center in the defined period, 14 met the criteria for the study: 1) the 

sample consisted of adults older than forty years of age with a 40 percent 

or greater thermal injury, 2) the sample received initial care under the 

direction of the medical staff at the above designated county hospital 

from April 1973 to August 1977, 3) Surgical excision of the burn wound 

was the only method of wound management utilized with the exception of the 

use of topical antibiotic agents. Thermal injury in this adult sample with 

reference to burn size and age of the patient statistically provided a 

20 percent or less chance for survival (Feller et al.1976). 

Tools 

Several steps were taken to develop the tool necessary to meet the 

purposes of this study. The researcher developed two forms which were 

accepted as adequate by the members of the thesis committee and the statis

tician for data collection. Demographic information was collected from 

the medical records of those patients who met the criteria for study. Data 

collected included unit number, age, sex, race, weight, percent of burn, 

discharge days postburn, expiration days postburn, expiration days post

surgery, location of the burn, depth of injury, type of burn, associated 

injuries, associated disease. Additional information was collected which 

related to calculated and required fluid administration for resuscitation. 

The excisional procedure was reviewed and data identifying the postburn 

day of the excision procedure, percent excision, number of procedures, 
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technique employed, length of procedure, estimated blood loss and wound 

coverage were reported (Appendix C-1). Clinical data collected on the 

sample population included blood pressure, pulse, respirations and temp

erature (Appendix C-2, C-3). Laboratory measurements reviewed included 

white blood cells, hemoglobin, hematocrit, platelet, creatinine, sodium, 

potassium, chloride, and glucose (Appendix C-2, C-3). Burn wound biopsy 

reports were reviewed for determinations of significant gram positive and 

gram negative organisms present during the burn course in relation to the 

excisional procedure (Appendix C-3). The data were grouped into normal 

and abnormal parameters and coded in descriptive terms. 

Data Collection 

The census sheets which were kept as a record of all admissions 

to the adult burn unit from April 1973 to August 1977 were obtained and 

reviewed. A list of all adult patients forty years of age and older with 

a 40 percent or greater total body surface area injury was compiled. Unit 

numbers for these patients were obtained. The medical records were re

viewed for verification of age, extent of injury, and the use of excis

ional therapy as the primary method of burn wound management. The medical 

records of those patients not meeting the criteria of the study were set 

aside. Data were collected on those patients selected for study. An 

attempt was made to obtain additional physiological data about central 

venous pressures, cardiac outputs, and plasma volumes as well as chemo

taxis index in those patients selected for study. This attempt was aban

doned due to lack of or inconsistent recording of data in the necessary 

areas. The information that was obtained was coded in descriptive terms 

according to normal and abnormal response. A color code was utilized to 
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indicate whether this response was normal, high, low, or erratic. 

Appropriate data were placed on the computer by personnel in the Medical 

Computing Resources Center at the University of Texas Health Science 

Center, under the direction of Dr. Richard Browne. 

Treatment of the Data 

All data were summarized on a master flow sheet (Appendix D). 

Descriptive analyses of the data were made by the researcher in consul

tation with Dr. Richard Browne in the Medical Computing Resources Center 

at the University of Texas Health Science Center, Dallas Texas. Compari

son of the physiologic response in each of the areas under study was made 

with normal baseline values. The sample was distributed into two groups -

survivors and nonsurvivors. Analysis of data was made within the two 

separate groups. The survival and nonsurvival groups were then compared 

for statistically significant responses. 

Analysis of Data 

Computer analysis was made of the clinical and laboratory data by 

use of the Mann Whitney U test. This statistical method was adopted as a 

non-parametric test of significance to see whether or not the ordering of 

the data follows a random pattern. The Mann Whitney U test is described 

as one of the most powerful of the non-parametric tests, and is preferen

tial to the parametric t-test when the researcher wishes to avoid the t

test's assumptions, or when the measurement in the research is weaker 

than interval scaling (Siegel 1956). Dr. Richard Browne supervised 

these computations. 
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Summary 

The total number of adult admissions to the Burn Center of a 797 

bed county teaching hospital with a diagnosis of thermal injury from April 

1973 to August 1977 was 1,478. Of this number fourteen adults above the 

age of 40 years with a greater than 40% total body surface area burn met 

the criteria for this study. This number included six survivors and eight 

nonsurvivors. Specified clinical and laboratory data were obtained from 

the medical records analyzed by the researcher and submitted for statis

tical analysis. Analysis of the data was descriptive, with the statis

tical design of the Mann Whitney U test being used. 

Presented in the following chapter is the analysis of the clinical, 

laboratory, and specific demographic data obtained from this older adult 

burn sample before and after excisional therapy. Data is presented in 

tables with statistical analysis described when applicable. 



CHAPTER IV 

ANALYSIS OF DATA 

Introduction 

The keynote of successful therapy in the acutely burned adult is 

the aggressive management of burn shock, control of burn wound sepsis, 

and the effective utilization of specific methods of securing skin cover

age. Excisional therapy is one of the more recent techniques utilized to 

obtain early skin coverage, thereby reducing burn size and depth and in 

turn alleviating the associated debilitating and lethal complications. To 

date, this surgical procedure has not shown itself to alter statistically 

the outcome of the burn course in adult patients older than the age of 40 

with a greater than 40 percent total body surface thermal injury. There

fore this study was undertaken to examine specific physiologic patient 

parameters before and after excisional therapy. 

Statistical tests were applied to the following data as a gross 

indication of whether observed trends might have potential statistical 

significance in a more controlled study. The data are organized in the 

following order: 1) description of the study population and demographic 

data, 2) analysis of clinical and laboratory abnormalities before and 

after the excisional procedure, 3) documented sepsis as it related to 

postburn day and the excisional procedure, and 4) data related to the 

parameters associated with the technique of excisional therapy during the 

procedure. 
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Description of the Study Sample 

The sample for this study was comprised of older adults selected 

for excisional therapy during the burn course. This population has been 

described by comparison of data within two groups, survivors and non

survivors, with statistical analysis utilized for comparison between the 

two groups when potential statistical significance might be inferred. 

Data relating to age, percent burn, and mortality are included in Table 4. 

There were 1,478 admissions to the adult burn unit during the five

year period between January 1973 through December 1977. 

TABLE 4 

TOTAL ADULT ADMISSIONS TO THE BURN CENTER 
January 1973 - December 1977 

1977 1976 1975 1974 

Total Admissions 316 290 287 585 

Average Age 39.33 39.75 38.20 38.64 

Average Percent 
Burns 22.14 22.78 21.88 23.74 

Total Expirations 45 47 52 39 

Percent of 
Expirations of 
Total Admissions 14.24 16.20 18.11 13.68 

Average Age of 
Expirations 57.51 53.61 46.73 54.43 

Average Percent 
Burn of 
Expirations 61.33 53.10 58.38 54. 71 

1973 TOTAL 

300 1478 

29.76 37.13 

23.79 22.84 

38 221 

12.66 14.95 

so. 92 52.64 

67.45 58.99 
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During this same period of time, 118 patients met age and per

cent of thermal injury criteria for this study (Table 5). Of this number, 

17 patients were selected for excisional therapy during their burn course. 

The medical records of three patients could not be located. The operative 

records were examined for documentation of surgical excision, but none was 

noted. 

TABLE 5 

ADULT BURN POPULATION GREATER THAN FORTY YEARS OF AGE 
GREATER THAN FORTY PERCENT TBSA BURN 

January 1973 - August 1977 

1977 1976 1975 1974 1974 

Total Number 
Admissions 31 18 21 19 29 

Average Age 62.87 55.78 55.86 59.74 59.41 

Average Percent 
Burn 62.74 58.50 62.67 65.21 63.34 

Total Expirations 22 14 19 11 0 

Average Age of 
Expirations 67.45 60.35 56.05 62.00 56.44 

Average Percent 
Burn of 
Expirations 62.74 64.28 64.00 65.21 55.55 

Percent of 
Expiration 70. 96 77. 77 90.47 57.89 31.03 

TOTAL 

118 

58. 72 

62.49 

82 

60.45 

68.60 

69.49 
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Other variants restricting the size of the sample (14) included 

early death from massive burns, fatal cardiovascular, pulmonary, or renal 

complications early in the postburn course, and failure to receive fluid 

resuscitation directed by medical staff at this institution. Several 

patients had sustained associated trauma and expired shortly after 

admission. Patients considered for study were selected from the population 

admitted from April 1973 through August 1977. 

The incidence of excisional therapy selected as the treatment of 

choice for the management of the burn wound in the acutely burned adult, 

is 11.86 percent from April 1973 to August 1977 (Table 6). The population 

selected for study, the average age was 49.92 years with an injury involv

ing 52.91 percent of the total body surface area. 

TABLE 6 

EXCISIONAL POPULATION SELECTED FOR STUDY, ADULT BURN 
POPULATION GREATER THAN FORTY YEARS OF AGE, 

GREATER THAN FORTY PERCENT TBSA BURN 
April 1973 - August 1977 

Total number of patients 

Average age 

Average percent burn 

Total expirations 

Percent expirations. 

Average age of non-survivors 

Average age of survivors . 
Average percent burn-survivors . 
Average percent burn-non survivors. 

Percent of total adult population . 

14 

49.92 

52.91 

8 

57.14 

68.25 

45 ,.4 

52.23 

62.S 

11.86 
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Demographic data related to the study sample is shown in Table 7. 

Specific parameters describing the survivors and nonsurvivors are demon-

strated. 

TABLE 7 

DEMOGRAPHIC DESCRIPTION OF THE STUDY SAMPLE 
SELECTED FOR EXCISIONAL THERAPY 
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1 45 M w 0 90 55 34 17 fla.:ie 0 2 

2 50 M w 0 100 61 47 19 fla::i.e 0 1 

3 42 M w 0 68 55 0 55 flane 0 1 

4 44 M w 0 71 49 11 36 flame 0 1 

5 50 M w X2 107 40 40 0 elect. 0 1 

6 42 F w 0 80 57 11 46 fl2ne 0 2 

NON-
SURVIVORS 

1 67 M w 0 98 42 0 42 flame 0 2 

2 46 M L/A Xl 54 61 17 44 flame 0 3 

3 58 M w Xl 54 54 42 12 flame 0 1 

4 42 F w Xl 66 59 52 7 flame 0 3 

5 60 F B 0 82 62 0 62 flame 0 2 

6 59 F w X3 43 10 33 flame 0 1 

7 50 F w Xl 50 41 0 41 flame 0 l 

8 44 F w 0 44 62 19 43 flame 0 3 
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Age distribution in the study sample ranged from 42 to 50 years 

in the survivor group with the average age being 45.5. In the group of 

non-survivors, the age ranged from 42 to 67 years with the average age 

being 53.26 years. There appeared to be no relationship between age, race 

and survival although 12 patients in the study sample (14) were white. Of 

the eight non-survivors, five patients were female. Male patients (five) 

were dominate in the survivor group (six). 

Source of thermal injury was documented. Those in the study sample 

were most frequently injured by flame burns. One survivor had sustained 

an electrical injury. 

Pre-existing disease was documented most frequently in the non

survivor group. Five of the eight patients had pre-existing disease. One 

patient in the survivor group had a previously diagnosed history of a 

gastrointestinal disorder and hypertension. 

The number of excision procedures performed during the burn course 

was greater in the non-survivor group. Three of the eight patients in the 

non-survivor group were excised three times. Two others were surgically 

treated twice. Only two of the six patients in the survivor group 

required more than one excision procedure. None of the patients in the 

study sample (14 patients) were admitted with associated injuries. 

In the study sample of the survivor group (six patients), two of 

the patients sustained injuries to 40 to 49 percent of their total ~ody 

surface area, and four patients were admitted with a burn of 55 to 61 

percent of the total body surface area. In the study sample of the non

survivor group (eight patients), three of the patients sustained thermal 

injuries to 41 to 43 percent of the total body surface area and two 
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patients sustained thermal injury involvi_ng 54 to 59 percent of their total 

body surface area. Three patients had thermal injuries of 56 to 62 percent 

of the total body surface area. 

Depth of injury represented as percent of partial thickness or 

full thickness burn was examined as it related to age in the study sample 

(Table 8). 

A test of multi-variance was used to determine a statistical signi

ficance between survival based on age and percent of partial thickness and/ 

or full thickness burn involvement. Although shown not to be statistically 

significant at the .05 level, statistical analysis determined that P <.071. 

Survivors 

1 
2 
3 
4 
5 
6 

Nonsurvivors 

1 
2 
3 
4 
5 
6 
7 
8 

TABLE 8 

THERMAL INJURY IN THE STUDY SAlv~LE 
AS RELATED TO DEPTH OF INJURY AND AGE 

PERCENT PERCENT 
AGE SECOND-DEGREE THIRD-DEGREE 

45 34 17 
50 47 19 
42 0 55 
44 11 36 
so 40 0 
42 11 46 

67 0 42 
46 17 44 
58 42 12 
42 52 7 
60 0 62 
59 10 33 
50 0 41 
44 19 43 

PERCENT 
TBSA 

51 
66 
55 
0 
40 
57 

42 
61 
54 
59 
62 
43 
41 
62 
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Physiologic Parameters Observed 

Prior to Excision Procedure 

Laboratory measurements that were described included white blood 

cells, hemoglobin, hematocrit, platelets, sodium, potassium, chloride, 

glucose, and creatinine levels. Pulmonary functions in terms of PH, P0
2

, 

and PC0
2 

were observed for alterations. The parameters mentioned above 

were described at six hour intervals, 48 and 24 hours prior to the 

excisional procedure (Table 9). 

One patient in the survivor group demonstrated alterations in 

platelet, sodium, potassium, and creatinine levels within the 24 hour 

period prior to surgery. Three of the six survivors demonstrated elevated 

white blood counts 48 hours before surgery but returned to normal limits 

prior to the excisional procedure. All patients in the survivor group 

had elevated glucose levels during the forty-eight hours prior to surgery 

(Table 9). 

Seven of the eight patients in the non-survivor group demonstrated 

elevated white blood counts during the forty-eight hours prior to surgery. 

Elevated creatinine levels were detected in one patient prior to surgery. 

Two of the non-survivors demonstrated decreased platelet counts during 

the 48 hours prior to the excision procedure. Seven of the eight patients 

in the non-survivor group had elevated glucose levels before surgery. 

Laboratory data on one patient could not be obtained from the medical 

record. 

Parameters of pulmonary function that were observed in the survivor 

group were within normal limits prior to surgery (Table 9). Data related 

to the pulmonary status of the non-survivor group was not available in the 
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records of three patients. Alterations in PH, PC0
2 

and P0
2 

were docu

mented in one non-survivor prior to surgery. One patient in the non

survivor group sustained cardiac arrest five days before the first 

excision procedure. 

SURVIVORS 

1 

2 

3 

4 

5 

6 

NON
SURVIVORS 

1 

2 

3 

4 

5 

6 

7* 

8 

TABLE 9 

LABORATORY PARAMETERS OBSERVED 48 AND 24 HOURS 
PRIOR TO EXCISIONAL PROCEDURE 

SODIUN POTASSIUH CHLORIDE GLUCOSE CREATI~lINE 

48 HRS 
24 HRS 

N 
N 

N 
N 

N 
+ 

N 
N 

B. 
N 

48 HRS 
24 HRS 

N 
N 

!!. 
N 

+ 
+ 

N 
N 

!! 
N 

!!. 
N 

48 HRS 
24 HRS 

N 
N 

N 
N 

N 
N 

N 
N 

N 
N 

48 HRS 
24 HRS 

t 
t 

t 
t 

t 
+ 

t 
t 

.!. 
t 

t 
t 

48 HRS 
24 HRS 

N 
N 

!!. 
N 

t 
t 

N 
N 

N 
N 

N 
N 

SODIUM POTASSIUM CHLORIDE GLUCOSE CREATININE 

48 HRS 48 HRS 48 HRS 48 HRS 48 HRS 
24HRS 24HRS 24 HRS 24 HRS 24 HRS 

B. 
N 

N 
N 

N 
N 

N 
N 

! 
N 

N 

N 

N 
N 

N 
N 

N 
N 

!! 
N 

N 

N 

N 
N 

N 
N 

! 
N 

N 
N 

N 
N 

N 

N 

t 
t 

t 
t 

t 
t 

t 
t 

t 
t 

t 
t 

.},_ 

t 

t - elevated 

B. 
N + - dec=eased 

N N - wit:1.in 
N nor-....al 

litits 
t 
t *cardiac arrest 

five days prior 
N to surgery 
N 

N 
N 

.±. 
t 
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TABLE 9 - Continued 

LABORATORY PARAHETERS OBSERVED 48 AND 24 HOURS 
PRIOR TO EXCISIONAL PROCEDURE 

WHITE BLOOD HGB HEHATOCRIT PLATELETS 
CELLS 

48 HRS 48 HRS 48 HRS 48 HRS 
24 HRS 24 HRS 24 HRS 24 HRS 

SURVIVORS 

1 t N N N 

+ N N N 

2 .±. li N N 
N N N N 

3 .±. N !!. B. 
N N N + 

4 B. li !!. !!. 
N N N N 

5 !!. N !!. B. 
N N N N 

6 !!. B. !!. !!. 
N N N N 

WHITE BLOOD HGB HEMATOCRIT PLATELETS 
CELLS 

48 HRS 48 HRS 48 HRS 48 HRS 
24 HRS 24 HRS 24HRS 24HRS 

NON-
SURVIVORS 

1 N N !!. N 

N N N N t - elevated 

2 .±. N t + + - decreased 
t N N "t 

N - within noroal 
3 t !!. N !!. limits 

t N N N 
*cardiac arrest 

4 t !!. !! N five days prior 
t N N N to surgery 

5 .±. !! N !! 
t N N N 

6 .±. N !!. 
t N N 

7* .±. N N + 
t N N + 

8 .±. !!. !!. li 
t N N N 
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TABLE 9 - Continued 

LABORATORY PARAMETERS OBSERVED 48 AND 24 HOURS 
PRIOR TO EXCISIONAL PROCEDURE 

PH P02 PC02 

48 HRS 48 HRS 48 HRS 
24 HRS 24 HRS 24 HRS 

SURVIVORS 
1 N N B. 

N N N 

2 + N B. 
N N N 

3 B. N B. 
N N N 

4 B. + l! 
N N N 

5 

6 N ±. B. 
N N N 

PH P02 PCOz 

48 HRS 48 HRS 48 HRS 
24 HRS 24 HRS 24 HRS 

NON-
SURVIVORS 

1 N l! l! 
N 

2 l! N B. + - elevated 

N N N + - decreased 

3 .±. + t N - within nornal limit 
f + t 

*cardiac arrest five days prior 
4 + B. B. to surgery 

N N N 

5 

6 

7* 

8 l! B. l! 
N N N 

Clinical Parameters Observed Prior to 

Excisional Procedure 

Clinical responses that were described included temperature, 

pulse, respirations, and blood pressure. The parameters mentioned above 
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were recorded at six hour intervals, 24 and 48 hours prior to the ex-

cisional procedure (Table 10). 

TABLE 10 

CLINICAL PARAMETERS OBSERVED 

48 AND 24 HOURS PRIOR TO EXCISIONAL PROCEDURE 

TEMPERATURE PULSE RESPIRATION BLOOD PRESSURE 

48 HRS 48 HRS 48 HRS 

24 HRS 24 HRS 24 HRS 

SURVIVORS 

1 t t + 

t + N 

2 li t N N 

N + N N 

3 

4 t t t ±. 
t + t N 

5 + i. + 

N + t N 

6 

48 HRS 48 HRS 48 HRS 

24 HRS 24 HRS 24 HRS 

NON-

SURVIVORS 

1 + + + + - elevated

t + t 

f - decreased 

2 i' + + !! 
i t + N N - within 

normal 

3 t t ±. N !bits
t t + N 

*cardiac arres::

4 t i. + !! five days prk::-
+ + t N to surgery

5 + t t N 

T t t N 

6 N + N + 

t t N t 

i* N t N t 

t + N } 

8 
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In the survivor group, all blood pressures were within normal range prior 

to surgery. Four patients of the five from which this data could be ob

tained demonstrated elevations in temperature, pulse, and respirations 

during the 48 hour period prior to the first excisional procedure. 

In the non-survivor group, all patients demonstrated alterations 

in temperature, pulse, and respiration prior to surgery. Two patients were 

hypertensive at the time of surgery. One patient sustained cardiac arrest 

five days prior to surgery. Sinus tachycardia was seen uniformly in the 

entire study sample (14). The average number of laboratory alterations 

seen in the survivor group at the time of surgery was 2.33 (Table 11). 

These ranged from one to six per patient. Laboratory alterations in the 

non-survivor group showed a mean of 2.85 and a range of one to six. The 

average number of clinical alterations present before surgery and in the 

survivor group was three. The mean clinical alterations seen in the 

non-survivor group were three with a range of three. 

TABLE 11 

NUMBER OF CLINICAL AND LABORATORY ALTERATIONS 
PRESENT FORTY-EIGHT HOURS PRIOR TO 

EXCISIONAL PROCDURE 

MEAN 

Clinical Alterations 3 

Laboratory Alterations 2.33 

NON-SURVIVORS (N=8) 

Clinical Alterations 3 

Laboratory Alterations 2.85 

RANGE 

3 

1-6

3 

1-6
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Physiologic Parameters Observed in the 

P6~t Operativ~ Period 

Laboratory parameters that were described on the first, second, 

and fifth day post excision are shown in Table 12. All survivors demon

strated elevated blood glucose levels. Two patients of the six in the 

survivor group had elevated creatinine levels during this post-operative 

period. Three of the six survivors showed decreased hemoglobin and 

hematocrit values during this period but did respond to fluid replacement. 

All patients in the survivor group (six) demonstrated some alteration in the 

pulmonary function during the observed post-operative period. All patients 

in the non-survivor group maintained elevated serum glucose levels at 

some time during the observed post-operative period. 

All patients in the non-survivor group maintained elevated serum 

glucose levels at some time during the observed post-operative period. 

Serum sodium levels were elevated in two patients. White blood cell 

counts remained elevated in seven of the eight non-survivors during this 

time. Data available on six of the eight non-survivors demonstrated 

some alteration in pulmonary function in five of these patients during 

this time in their clinical course. 
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TABLE 12 

LABORATORY PARAMETERS OBSERVED IN THE POSTOPERATIVE PERIOD 

SODIUM POTASSIUM CHLORIDE GLUCOSE CREATININE 

SURVIVORS DAY DAY DAY DAY DAY 
1 2 5 1 2 5 1 2 5 1 2 5 1 2 5 

1 N N N N N N N N N t t t N t N 

2 N N N N N N N N N t t t N N N 

3 N + N N N N N N N t t t N N N 

4 N N N N N N N N N t t t N N N 

5 N N N N N N N N N t t t N N N 

6 N N N N N N N N N t t t N N N 

NON- SODIUM POTASSIUM CHLORIDE GLUCOSE CREATININE 

SURVIVORS DAY DAY DAY DAY DAY 
1 2 5 1 2 5 1 2 5 1 2 5 1 2 5 

1 N N N N N N N N N t N t N N N 

2 + N N N N N N N N N t + N N t 

3 t t t N N N t t t t t t t t t 

4 N N + N N N t t t N N N 

5 N N N N N N N N N t t t N N N 

6 N N N N N N N N N t t t N N N 

7 ,·~ N N N N N t N N N t t t N N N 

8 N t N N N N N N N t t t N N N 

t - elevated 

+ - decreased 

N - within normal limit 

*cardiac arrest 5 days prior to surgery 
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TABLE 12 - Continued 

LABORATORY PARAMETERS OBSERVED IN THE POSTOPERATIVE PERIOD 

WHITE 
BLOOD CELLS HEMAGLOBIN HEMATOCRIT PLATELETS 

SURVIVORS DAY DAY DAY DAY 

1 2 5 1 2 5 1 2 5 1 2 5 

1 t t t N N + N N + N N N 

2 t N t N N N N N N N N N 

3 N t t N N N N N N + N N 

4 t t t N N N N N N N N N 

5 N N N N N N N N N N N N 

6 t t t N N N N N N N N N 

WHITE 
BLOOD CELLS HEMAGLOBIN HEMATOCRIT PLATELETS 

NON-
SURVIVORS DAY DAY DAY DAY 

1 2 5 1 2 5 1 2 5 1 2 5 

1 N t t N N N N N N N N N 

2 N N t + N N + N N + + + 
3 t t t N + N N + N N N N 

4 t t t N N N N N N N N N 

5 N N N N N N N N N N N N 

6 t t N + N N + N N N N N 

r· " t t t N N N N N N N N N 

8 t t t N N N N N N N N N 

t elevated 

+ - decreased 

*cardiac arrest 5 days prior to surgery 
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TABLE 12 - Continued 

LABORATORY PARAMETERS OBSERVED 
IN THE POSTOPERATIVE PERIOD 

PH P02 PC02 

SURVIVORS DAY DAY DAY 
1 2 5 1 2 5 1 2 5 

1 N + N N + + N N N 

2 N + N 

3 N N N t N N N N N 

4 + + N 

5 N N N N + N N N N 

6 N N + 

PH P02 PCOz 
NON-

SURVIVORS DAY DAY DAY 
1 2 5 1 2 5 1 2 5 

1 N N N N N N 

2 + + N 

3 + N N + N N N N N 

4 + + N N N N 

5 

6 

7~•~ + + N + + t N N N 

8 + + N + + t N N N 

t - elevated 

+ - decreased 

*cardiac arrest 5 days prior to surgery 
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Clinical Parameters Observed in the 

Post Operative Period 

Clinical parameters relating to temperature, pulse, respiration, 

and blood pressure were described on the first, second, and fifth day after 

surgical excision of the burn wound (Table 13). All patients in the 

survivor group (six) demonstrated elevated temperatures, sinus tachycardia, 

and increased respiration during the first two days post-excision. One 

patient in the survivor group was hypertensive during the first two days 

post-surgery, but was normotensive by the fifth day. Data available 

on the non-survivors indicated that six patients were normotensive during 

the observed postoperative period. One patient was hypertensive during 

the first two days after excision but was hypotensive by the fifth day. 

All patients in the non-survivor group had a sinus tachycardia during the 

five days after surgery. Six patients in this group were hyperthermic 

through the fifth post-surgery day. Two patients had severely decreased 

respiratory rates during this time and were placed on assisted ventilation. 

The research conjecture that patients with fewer clinical and 

laboratory alterations before and after surgery have a higher probability 

of survival following excisional therapy was investigated using the Mann 

Whitney U Test. The computed value of the U = P <.15 indicates that 

there is no statistical significance at the .05 level. 

Response to Study Sample to 

Calculated Fluid Resuscitation 

All patients studied (14) were treated for burn shock according 

to the fluid resuscitation formula at Parkland Hospital. Errors in fluid 
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TABLE 13 

CLINICAL PARAMETERS OBSERVED IN THE POSTOPERATIVE PERIOD 

TEMPERATURE PULSE RESPIRATION BLOOD PRESSURE 

SURVIVORS DAY DAY DAY DAY 
1 2 5 1 2 5 1 2 5 1 2 5 

1 t t t t t t t t t N N N 

2 t t t t t t t t t N N N 

3 

4 t t N t t N t t t t t N 

5 t t t t t t t t t N N N 

6 t t t t t t t t t N N N 

TEMPERATURE PULSE RESPIRATION BLOOD PRESSURE 

NON-
SURVIVORS DAY DAY DAY DAY 

1 2 5 1 2 5 1 2 5 1 2 5 

1 t t t t t t t t t N N N 

2 t t N t t N t t {, N N N 

3 t N N t t t t t t N N N 

4 t t t t t t t t t N N N 

5 t t t t t t t t t N N N 

6 t t t t t t t t N N N N 

7* t N t t t t t t {, t t -} 

8 

t - elevated 

+ - decreased 

*cardiac arrest 5 days prior to surgery 
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resuscitation are most commonly associated with inaccurate estimations 

of the burn wound size and are common when calculated fluid volume is 

based on the initial burn wound evaluation. 

In the survivor group, 50 percent (three patients) required more 

fluids than were originally calculated, one patient required less than was 

originally calculated, and two patients responded to the amount of fluid 

required by the Parkland formula. 

In the non-survivor group, 62.50 percent of the patients required 

more fluids than was originally calculated and 37.50 percent (three patients) 

required less fluid. No patients responded to what was originally calculated 

by the Parkland formula. Chi-square analysis was attempted with this data, 

but proved to be invalid due to sample size. No statistical test could be 

applied. 

Clinical Complications Influencing the Burn Course 

Pre-existing disease was documented more frequently in the non

survivor group (Table 14) than in the survivor group. Five patients in the 

non-survivor group had diagnosed pre-existing disease. One of these 

patients exhibited a history involving three pre-existing illnesses. 

Within the survivor group, only one patient had documented pre-existing 

disease, however, this patient was involved with two disease processes. 

The research question that a pre-existing disease state influences 

the probability of survival in patients selected for excisional therapy, 

was investigated by using the Mann Whitney U test. The computation of 

U=P < .141 indicates that there is no statistical significance at p > 

.05 level of significance. 



CARDIOVASCULAR 
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TABLE 14 

DESCRIPTION OF DOCUMENTED PRE-EXISTING 
DISEASE IN STUDY SAMPLE 

SURVIVOR NON-SURVIVORS 

4 7 3 5 2 

X 

X X X 

X 

GASTROINTESTINAL X x 
PULMONARY 

DIABETES X 

TOTAL 1 5 

4 

X 

Significant complications during the burn course were seen most 

frequently in the non-survivor group (Table 15). All patients had 

documented burn wound sepsis during their clinical course. Pulmonary 

complications were present in 37.50 percent of the nonsurvivors. One 

patient sustained cardiac arrest five days prior to surgery. 
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TABLE 15 

SIGNIFICANT CLINICAL COMPLICATIONS OF STUDY 
POPULATION DURING BURN COURSE IN RELATION 

EXCISIONAL PROCEDURE 

SURVIVORS (6) 

Cardiovascular 

Pulmonary 

Sepsis 

Renal Failure 

NON-SURVIVORS 

Cardiovascular 

Pulmonary 

Sepsis 

Renal Failure 

(8) 

* Before Surgery 

1 2 

X 

1 2 

x·;'~ 

X;', 

X x,•, 

3 4 5 6 

X X
.,. ,. 

3 4 5 6 

X;', X* 

x-;•~ x1~ x··· " X;'-

7 8 

x,'~ x,._ 

Other than the incidence of burn wound sepsis described in Table 

15, the survivor population demonstrated no significant complications 

during their burn course. 
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Burn Wound Sepsis in the Study Sample 

Quantative burn wound biopsy counts were utilized to document burn 

wound sepsis in four patients in the survivor group (six). This same 

method demonstrated positive burn wound biopsy counts for sepsis in all 

patients (eight) in the non-survivor group (Table 16). 

In the four survivors with documented positive wound biopsies the 

median postburn day of burn wound sepsis was 5.50 (Table 16). These biopsies 

were positive on the second, third, and eight-day postburn, respectively 

(Table 17). The non-survivor group (eight patients) had positive wound 

biopsy counts on the median day eight. These biopsies were positive on 

postburn days four through ten. Gram negative organisms were the dominant 

pathogens in both groups. The culture of gram positive organisms was 

reported as seen on one patient in the survivor group. 

TABLE 16 

POSITIVE QUANTITATIVE WOUND BIOPSY COUNTS 
AND POSTBURN DAY OF SEPSIS 

Range of Days 

Mean Day 

Median 

Gram - Organisms 

Gram+ Organisms 

SURVIVORS 

2 - 8 

5.5 

3 

1 

5.50 

NON-SURVIVORS 

4 - 10 

7.37 

8.50 

8 
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The survivor group (six) had four patients with positive wound 

biopsy counts during its clinical course. Of these four patients, two 

patients were septic before surgery and two patients had significant 

biopsy counts after surgery. Burn wound sepsis was documented in all eight 

patients in the non-survivor group. Five of these patients were septic before 

surgery and three became septic after the surgical procedure. (Table 17). 

TABLE 17 

RELATIONSHIP OF DAY OF EXCISIONAL PROCEDURE TO POSITIVE 
QUANTITATIVE WOUND BIOPSY COUNTS BEFORE AND AFTER SURGERY 

SURVIVORS 

1 

2 

3 

4 

5 

6 

Median Day 

NON
SURVIVORS 

1 

2 

3 

4 

5 

6 

7 

8 

Median Day 

DAY OF 
SURGERY 

5 

5 

4 

6 

6 

5 

5.25 

10 

4 

13 

3 

9 

5 

14 

3 

7 

DAY OF 
SEPSIS 

3 

2 

8 

8 

5.50 

8 

9 

4 

10 

4 

5 

9 

10 

8.5 

BEFORE 
SURGERY 

X 

X 

X 

X 

X 

X 

X 

AFTER 
SURGERY 

X 

X 

X 

X 

X 
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Demographic Data Related to the Excisional Procedure 

The number of days postburn injury and the first excisional procedure 

were examined. The range of days between admissions and excision differed 

between the two groups with the median day five for the survivors and seven 

for the non-survivors (Table 18). The research consideration of if early 

surgical excision of the burn wound of the patient will have a higher proba

bility of survival following excisional therapy was investigated by using 

the Mann Whitney U Test. 

The computed value of the U for this study sample was P < .377 

which indicates that for the particular study sample, the result was far 

from being significant at the .05 level ( P > .05). 

Range of days 

Median 

Mean of days 

TABLE 18 

NUMBER OF DAYS POSTBURN INJURY BEFORE 
FIRST EXCISIONAL PROCEDURE 

SURVIVORS NON-SURVIVORS 

4 - 6 

5.0 

5.16 

3 - 14 

7.62 

7.0 

The number of excisional procedures was determined for both groups 

(Table 19). The non-survival group experienced a larger number of exci

sional procedures overall than did the survival group; however, this was 

not demonstrated to be statistically significant ( P > .05). The 
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Mann Whitney U Test was used to investigate the relationship between 

the two groups. The U value was computed to be P < .114. 

Procedures 

One 

Two 

Three 

Total 

TABLE 19 

NUMBER OF EXCISIONAL PROCEDURES PERFORMED 
DURING CLINICAL COURSE OF STUDY SAMPLE 

SURVIVORS (6) NON-SURVIVORS (8) 

Number 

4 

2 

6 

Percent 

66.67 

33.33 

100 

Number 

3 

2 

3 

8 

Percent 

37.50 

25.00 

37.50 

100 

Demongraphic data in relation to the operative procedure is shown 

in Table 20. The length of the surgical procedure was shown to be less 

in the survivor group than in the non-survivor group. When comparing the 

two groups it was noted that there was a larger amount of estimated blood 

loss during the surgical procedure in the non-survivor group. Also the 

mean body temperature during the surgical procedure was lower in the 

survival group. There appeared to be no difference between the two groups 

in terms of the dressings selected for wound coverage. While the average 

percent of the burn wound excised shows a trend in the survivor group for 

the smaller percent of surgical excision, the research conjecture that 

the size of the excisional procedure influences the survival of the 
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of the patient was investigated by using the Mann Whitney U Test. The 

computed value of the U = P < .091 and is not statistically significant 

at the .05 level. 

TABLE 20 

DEMOGRAPHIC DATA RELATED TO THE EXCISION PROCEDURE 

SURVIVORS NON-SURVIVORS 

Average length of procedure 2 hrs. 30 min. 3 hrs. 27 min. 

Average percent excised 15.66 21.12 

Average blood loss 1120 cc 3383 cc 

Average fluid replaced 2790 3290 

Mean Temperature 94.8 96.25 

Wound Coverage 

Homo graft 3 4 

Heterograft 2 2 

Auto graft 1 

Other 1 1 

The average number of hospital days for this excision population 

was reviewed (Table 21). The mean number of days for the survivor population 

was 53 and the mean day of death for the non-survivors was 27.12. The 

range of days for hospitalization in the survivor group was shown to be 

twenty-six to ninety-one but it was eight to forty-three in the non-

survivor group. 



-99-

TABLE 21 

AVERAGE NUMBER HOSPITAL DAYS FOR EXCISION POPULATION 

Range of Days 

Mean Day 

SURVIVORS 

26-91 

53 

NON-SURVIVORS 

8-43 

27.12 

Of the fourteen patients studied, 57.14 percent (eight patients) 

died after excisional therapy was employed. Six patients (42.86 percent) 

survived their thermal insult and the surgical stress that ensued (Table 

22). 

Survivors 

Non-Survivors 

TOTAL 

TABLE 22 

SURVIVAL RATE 

Summary 

NUHBER 

6 

8 

14 

PERCENT 

42.86 

57.14 

100 

This chapter, Analysis and Treatment of Data, has been concerned 

with the analysis and interpretation of data collected from the medical 

records of fourteen older adult-burn patients selected for excisional 
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therapy of their burn wound. These patients were older than forty years 

of age with a greater than 40 percent total body surface area injury and 

were resuscitated from burn shock according to the burn shock resuscitation 

protocol implemented at the Burn Center at Parkland Memorial Hospital. 

There were six patients who survived and eight patients who expired. No 

statistical significance could be identified between the two groups, 

however several trends appeared to influence mortality. These trends 

are identified as age, percent of full thickness injury, pre-existing 

disease, physiologic alterations in clinical and laboratory values before 

and after excision, number of excisional procedures required, and the 

percent of the burn wound excised. Documented clinical burn wound sepsis 

was seen in all non-survivors. 

Clinical burn wound sepsis was documented in four patients in the 

survivor group. However, overall, their clinical course was free of other 

significant complications associated with the known altered physiology 

and total systemic response to acute thermal injury. 



CHAPTER V 

Sill~fARY, CONCLUSIONS, IMPLICATIONS, AND RECO"MMENDATIONS 

Summary 

The keynote of successful therapy in the acutely burned adult is 

the successful management of burn shock, control of burn wound sepsis, and 

the effective utilization of specific methods of securing early skin cover

age. Early closure of the burn wound is the primary goal in the management 

of the acutely burned adult. Excisional therapy of the burn wound is one of 

the more recent techniques utilized to obtain early skin coverage, thereby 

reducing burn size and depth and in turn alleviating debilitating and 

lethal complications associated with thermal injury. While this surgical 

approach has demonstrated a significant difference in the morbidity and 

mortality rates of younger age groups sustaining major thermal trauma, to 

date it has not shown itself statistically to alter the outcome of the 

burn course in adult patients above the age of forty with a greater than 

forty percent total body surface thermal injury. Therefore this study 

was undertaken to examine specific physiologic parameters before and after 

excisional therapy in an adult sample above the age of forty with a major 

thermal injury. 

The literature reveiwed identified aspects of the aging process that 

contribute to burn injury in the adult population. Morbidity and mortality 

in burn injury was examined. The pathophysiologic alterations that ensue 

following major thermal trauma that effect the cardiovascular, pulmonary, 

renal and hematologic systems in the adult were considered. The lethal 

complication of burn wound sepsis was defined and explored. Surgical 
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excision and grafting of the burn wound as an optimum approa_ch to care 

in the adult was presented. Patients selected for this study met specific 

criteria of age, percent burn, burn shock resuscitation, and excisional 

therapy. Specific laboratory and clinical parameters of each patient 

before and after the surgical procedure was performed were analyzed for 

similar responses and/or identifiable trends. The results showed that no 

statistical significance could be documented between the survivor and non

survivor group. However, some characteristics did emerge. Nursing assess

ment and management of these patients is a contributing factor that 

influences the clinical course and outcome of this patient population and 

must be attuned to the mechanism of the altered physiology and response 

that have been described and documented. 

Conculsions 

Conclusions of this study are based on the findings derived from 

the analysis of the data. No inference is intended that a significant 

result would necessarily be reproduced in a larger study. Rather it is 

indended that findings here should serve as an indication of areas for 

further investigation. According to the findings of this study, the 

following conclusions are made: 

1) Mortality in the older adult population, with a greater than 

forty percent total body surface area injury selected for 

excisional therapy of their burn wound, although not shown to 

be statistical significance, appears to be influenced by the 

following factors: 1) age, 2) percent of full thickness injury, 

3) pre-existing disease, 4) physiologic alterations before and 

after excisional therapy, 5) percent of burn wound excised 
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6) number of surgical procedures performed. 

2) Although no statistical parameters were applied between the 

survivor and the non-survivor group, the incidence of burn wound 

sepsis was documented to be more frequent (100 percent) in the 

non-survivor group with gram negative organisms being the dominant 

pathogen. 

3) More non-survivors than survivors were septic before the first 

excisional procedure. 

Implications 

Major thermal injury in the adult has implications for several areas 

within the art and science of nursing. Nursing practice, education, admini

stration, and research, are all areas that have impact and influence on the 

challenging problems associated with acute thermal insult in the adult 

patient. The early surgical approach to the burn wound allowing for 

excision of nonviable tissue and thus reduction of burn wound size has been 

reported to influence morbidity and mortality. The burn nurse clinical 

specialist responsible for the care of the adult excision population must 

be knowledgeable in the mechanisms that attribute to thermal insult in the 

adult population and the unique altered pathophysiologic response that 

ensues. An understanding of the principles and techniques employed in 

excisional therapy, as an aggressive approach to burn wound management, 

is necessary in order to hope for a realistic outcome in what now appears 

to be a lethal injury in this population. 

The burn nurse specialist responsible for the care of the older 

adult deals with problems that are frequent, multiple, and very often 

complex. The approach taken in managing these problems requires the burn 
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nurse clinical specialist to be -astute in the mechanics of the problem 

solving process as it applies to directing the care of the adult patient 

with acute thermal trauma. Recognition of the importance of specific para

meters related to age, percent and depth of injury, pre-existing disease 

states, and the adult patient's social being prior to injury are poten

tially important in planning and implementing nursing care to ensure the 

most optimistic outcome. 

Constant thorough assessment of the patient's clinical response to 

the altered physiology that follows major thermal trauma is a very important 

nursing parameter. The burn nurse specialist must have a thorough under

standing of the principles and skills involved in physiologic monitoring 

of the adult burn patient. The altered physiology that accompanies major 

thermal trauma in the adult is cause for careful observation and accurate 

reporting and recording by the nursing personnel responsible for the 

patient's care. The burn nurse specialist very frequently is the first 

responder to a life-threatening change in the adult patient's clinical 

status. The nurse must be secure in her ability to respond appropriately. 

Understanding the principles of the surgical approach to the wound is an 

important aspect of nurs~ng practice in caring for major thermal trauma 

in the older patient. 

Excisional therapy implies the use of some form of wound coverage

biologic or other. Nurses caring for the burn patient must be astute at 

wound evaluation as well as the care and protection of grafts in order to 

promote the mechanisms involved in wound coverage of healthy viable tissue. 

An understanding of the principles of care and management of the acute burn 
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wound is a major component in the nursing care of the thermally injured 

adult. Care of the wound entails observation, therapeutic management with 

topical or biologic dressings, and most importantly, evaluation and 

preservation of graft sites. Nursing care of the burn wound plays an in

tricate part in the adult patient's chances for survival in major thermal 

trauma because it influences early skin coverage and closure of the burn 

wound. 

The burn nurse specialist should understand the concept of the "burn 

team" and coordinate efforts by each member to meet specific patient goals. 

If the nurse does not understand the problems that arise in caring for the 

thermally injured adult, she cannot successfully coordinate the efforts of 

the disciplines that comprise a team approach to burn care. 

A strong orientation and consistent inservice program is vital to 

the nursing care of the adult burn victim. The burn unit is a specialized 

area which demands skilled nursing care. The staff nurse must be able to 

assume some unique responsibilities. The ability to recognize and respond 

appropriately to the physical and social needs of the burned adult must be 

consistently reinforced with strong continuing inservice and staff develop

ment programs. 

Nurse educators must be aware of the magnitude of clinical problems 

involved in the nursing management of the acutely burned adult patient. 

Curriculum developed within nursing education should emphasize the scope 

of the burn problem, pathophysiology involved in thermal injury, manage

ment of the burn wound, complications of thermal insult, with special 

emphasis on the treatment and principles involved in the nursing care 

of the adult with major burn trauma. Assessing, planning, and 
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implementing the care of the adult burn patient should allow the nursing 

student to observe the interaction of a team representing several dis

ciplines. 

Nursing administration must be attuned to the recognition of burn 

injury as one of the most severe traumas. Recognition of the resources 

required for the care of burn trauma is necessary in order to implement 

a realistic plan in the approach to expertise in burn care. All burn 

patients are not alike and as a result the facilities required for their 

treatment must be evaluated for the individual. Nursing administration is 

responsible for recognizing the need of the nursing personnel responsible 

for delivering the care of the acutely burned adult to be specifically 

qualified in the critical care areas. The development of job descriptions· 

for the burn nurse specialist that allow for the nurse to function as a 

practitioner responsible for aggressive planning, implementation, and 

evaluated of care based on sound scientific theory is a most important 

responsibility of nursing administrators. Development of the burn nursing 

team utilizing the concepts of the clinical nurse specialist, the burn 

specialist, and burn care technicians will enhance a more sophisticated 

approach to what is already recognized as a very specialized area of 

nursing. Recognition and support of an interdisciplinary team approach is 

vital to the total recovery of the thermally injured patient. 

Nursing can make significant contributions in the advancement of 

burn care by becoming involved in the recognition of the many questions 

still unanswered that related to prevention and physiologic and psychologic 

responses, as well as the social implications associated with major thermal 

trauma in the adult population. 
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Recommendations 

The salient physiologic alterations present in specified clinical 

and laboratory parameters as well as demographic data following major 

thermal trauma in patients who were selected for excisional therapy of 

their burn wound have been presented. Based on the conclusions of this 

study the following recommendations are made: 

1. An investigation should be conducted in the form of a pros

pective study to obtain data on a larger population than that 

in this study which would be more representative of findings 

within this adult excision population with the following mod

ifications: inclusion of cardiac output, plasma volumes, pul

monary artery and pulmonary wedge pressures and chemotaxis 

index. 

2. Further investigation should be pursued to evaluate the relat

ionship of quantitative burn wound biopsy counts and the post 

burn day selected for excisional therapy of the burn wound. 

3. Investigation should be undertaken to evaluate the nursing 

methods used for recording patient data to document more 

accurately and consistently specific physiologic para~eters 

monitored in this group of patients, i.e., . cardiac output, 

plasma volumes, pulmonary artery and pulmonary wedge pres-

sures central venous pressures, and arterial blood pres-

sures. 

4. Investigation should be pursued in order to determine if 

other physiologic criteria for patient selection in this adult 

burn population can be identified to indicate an optimum 
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time in the burn course that would statistically improve the 

morbidity and mortality rates of these patients. 
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Appendix A 

TEXAS lJOMAN' S UNIVERSITY 
COLLEGE OF NURSING 

DENTON, TEXAS 

HOUSTON CENTER 
1810 Inwood Road 
Dallas 9 Texas 75235 

1130 N.D. Anderson Blvd. 
Houston, Texas 77025 

AGENCY PERMISSION FOR CONDUCTING STUDYi: 

THE PARKLAND MEMORIAL HOSPITAL -----------------------------------
GRANTS TO __ R_I_T_A_A_l_-H_·J_E_V,_'E_B_E_P_, _R_._N_. ___________________ _ 

a student enrolled in a program of nursing leading to a Master's Degree at 
Texas ~-Toman' s University, the privilege of its facilities in order to study 
the following problem: 

Evaluation of Specific Physiologic Responses to Thennal Injury 

in High Risk Patients before and after Surgical Excision 

The conditions mutually agreed upon are as follows~ 

1. The agency (may) (may notl be identified in the final report • 
.,,- : ;_· -;: •-'~.,;..;,t••-

2. The names of consultative or administrative personnel in the 
agency (may) (may,r1<?0 be identified in the final report. 

3. The agency (wants) (does not want) a conference with the stu
dent when the report is completed. 

4. The agency is (willing) (unwillj.ng) __ to allow the completed 
report to be circulated thr6ugh'~interlibrary loan. 

5. Other: _____________________________ _ 

Date JULY 6, 1976 
.-·· J/ --- . •··-•···-·· . 

_,---_✓-

Signature-of Agency Personnel 

~ca,✓, -5i<~Pt/ ) 
-Signature of student Signature of_ f'.~cl,llty Advisor 

*Fill out and sign three copies to be distributed as follows: Original 
Student; first copy -- agency; second copy -- T.W.U. College of Nursing. 

'?HS -· 11 n 
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APPENDIX B 

NORMAL LABORATORY VALUES 

1974-75 Manual for Clinical Pathology Laboratories, 
Parkland Memorial Hospital 

Sodium 

Potassium 

Chloride 

Creatinine 

Glucose 

Hemoglobin (Female) 

(Male) 

Hematocrit (Female) 

(Male) 

White blood cell 

Platelets 

135-145 mEq/L 

3.2-4.5 mEq/L 

95- 1 05 mEq/L 

0.7- 1 -3 mg% 

80-120 mg% 

12-16 Gm% 

14-18 Gm% 

37-47% 

42-52% 

5,000-10,000/ccm 

250,000-450,000/ccm 
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APPENDIX C - 1 

TOOL FOR DEMOGRAPHIC DATA COLLECTION 

NAME 

UNIT NUMBER 

DISCHARGE DAYS POST BURN 

LOCATION OF BURN - DEPTH OF BURN 

one arm 

both" 

one leg 

both" 

head 

neck 

chest 

abdomen 

back 

1st 

ASSOCIATED DISEASE 

CARDIOVASCULAR 

neurologic 

hepatic 

renal 

hematologic 

pulmonary 

diabetes 

2nd 3rd 

FLUIDS REPLACED DURING SURGERY 

whole blood 

packed cells 
Plasma 
Ringers Lactate 
DSrl 

AGE SEX 

WT. % BURN 

EXPIRED POST BURN 
EXPIRED POST SURGERY 

TYPE OF BURN INJURY 

flame 

scald 

electrical 

steam 

ASSOCIATED INJURIES 

musculoskeletal 

abdominal 

neurologic 

pulmonary 

RACE 

REQUIRED FLUIDS/PARKLAND FORMULA 

TOTAL FLUIDS GIVEN DURING 1st 24 HOURS 

SURGICAL PROCEDURE 

POST BURN DAY 

TECHNIQUE 

tangential 

sharp knife 

WOUND COVERAGE 

homograft 

autograft 

pigskin 

collagen 

%EXCISION 

PROCEDURE 

LENGTH OF PROC. 

EST. BLOOD LOSS 

MESH 

TOTAL AMT FLUID REPLACEMENT DURING SURGERY 
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~ APPENDIX D-1 H 
<: 
0 

~ % Burn 

% 2nd degree 

% 3rd degree 

type of in_i ury 

associated 
injuries 

associated 
disease 

age 

weight kg. 

sex 

race 

response to 
calcul. fl 

VITAL SIGN 
pre op 

pulse 

temperature 

resp. 

clinical 
alteration 

laboratory 
alteration 

If days post 
burn 

fl days betw 
surg. proce 

SURGICAL 
PROCEDURE 

% excised 

Wound Coverage 

amt fluid 
during proce 
est. blood 
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APPENDIX D-1 Continued LENGTH OF 
PROCEDURES 

VITAL SIGNS 
DURING PROCE 

Temperature 

pulse 

respiration 

Clinical 
alterations 

day ti 1 

- day II 2 

day If 5 

SIGNIFICANT 
COMPLICATION 
DURING BURN 
COURSE 

Inadequate 
to resuscit 

Pulmonary 

Cardiac 

Renal Failure 

Sepsis 



Blood Pressure 

erratic 
hypo tensive 
hypertensive 
normal range 

Temperature 

hyperthermic 
hypothermic 
hormothermic 
erratic 

normal range 
low 
high 

Colors 

normal-black 
low-blue 
high-red 
erratic-yellow 

adequate 
more 
less 
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APPENDIX D-2 

DESCRIPTIVE TOOL 

Clinical Parameters 

Pulse 

normal sinus rhythm 
sinus tachycardia 
erratic 

Respirations 

tachypneic 
normal range 
decreased 

Laboratory Values 

Numbers 

1,2,3,4 

Blood Gases 

Ph-normal 
alkalotic 
acidotic 

Po
2 

-normal 
low 
elevated 

Pco2-normal 
low 
elevated 

used to identify descriptive 
terms 

Response to Calculated Fluids 




