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FOREWORD 

The clinical activities and research projects reported in this 
volume and its predecessors have advanced our understanding of the 
pathophysiologic responses of injured soldiers and have increased 
the survival of burn patients to unprecedented levels. The 
expertise derived from caring for severely burned patients during 
the past 43 years has been applied to minimize the morbidity and 
mortality associated with burns sustained as a result of military 
action in Korea, Vietnam, Lebanon, Granada, and Panama, as well as 
those injuries sustained mass casualty incidents involving both 
military personnel and civilians. Studies such as those of the 
biochemical alterations in burn injured tissue have led to further 
refinements in fluid resuscitation. The use of newly developed 
mechanical ventilators has significantly reduced the occurrence of 
pneumonia and the mortality associated with inhalation injury. 
Similarly, increased understanding of the changing epidemiology of 
infection in burn patients, the effect of burn injury on both 
serologic and cellular limbs of host resistance, and the complex 
metabolic and nutritional interactions induced by thermal injury 
have led to improvements in the diagnosis and treatment of 
infection, the prevention of sepsis, and metabolic support. 

The teaching activities of the multidisciplinary members of 
the burn team have increased the burn care capability of the 
physicians, nurses, and allied health professionals either in 
residence at the Institute, or in attendance at the Institute's 
continuing medical education courses and lectures. In addition, 42 
ABLS courses have been conducted by Institute personnel to increase 
the burn care skills of 752 military health care personnel, both 
active duty and members of the reserve components. Retention of 
the instructional information in useable form should enhance the 
overall burn readiness posture of the medical departments. 

The burn disaster assistance mission in which this Institute 
deployed a multidisciplinary burn team to Ufa, Russia documented 
the Institute's readiness level in terms of the rapidity of 
response and effectiveness of action. The swift integration of 
U.S. and Soviet medical personnel exemplified the importance of 
using Institute physicians to supervise and train indigenous 
personnel. That mode of amplification of burn center expertise 
easily applicable in a Soviet city hospital environment should be 
even more readily achievable in the U.S. military medical 
framework. The Ufa mission also identified burn specific equipment 
and supplies that will be required for full function of a burn 
center in the theater of operations. 

The need to stage the aeromedical transfer of burn patients 
who have to be moved over long distances, was amply validated 
during the Vietnam conflict. The system of burn patient transfer 
that the Institute established in collaboration with the U.S. Air 
Force effected the intercontinental transfer of 824 burn patients 
during the period April 1967 to December 1972 with only one 
inflight death (a patient with acute fulminant melioidosis) . The 



Staging of long distance aeromedical transfer limits the out-of¬ 
hospital time to intervals that are physiologically tolerated by 
even severely burned patients. 

The expertise and experience indigenous in the personnel of 
this Institute will permit establishment of a theater of operations 
burn center in support of Operation Desert Shield in which care is 
directed and supervised by an ISR burn team, establishment of a 
burn staging unit in Germany where ISR personnel will continue care 
and carry out definitive triage for further treatment, and 
establishment, in collaboration with the Air Force, of an 
aeromedical transfer system utilizing ISR flight teams. This 
system of care and movement will ensure continuity of quality care 
from the time of injury through convalescence to minimize 
complications, reduce mortality, effect early wound closure, 
optimize functional recovery, and accelerate return to duty. The 
readiness of this Institute and ics record of continuous 
improvement of combat casualty care fully justify the Institute's 
position within the military and validate the merit of the staff 
members whose work is reported herein. 

BASIL A. PRUITT, JR., MD, FACS 
Colonel, MC 
Commander and Director 

The opinions or assertions contained herein are the private views 
of the author and are not to be construed as official or as 
reflecting the views of the Department of the Army or the 
Department of Defense. 
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to improve the survival and function of thermally injured patients, and to 
promulgate identifie medical information to health professionals. 
Thermally injured patients from the Continential United States and 
throughout the world are transported to this Institute for intensive, 
specialized treatment. Carefully controlled evaluations of new treatment 
technics are conducted by professional staff. 

25. (U) 8710 - 8809. Two hundred and twenty-one seriously burned patients 
were admitted and treated at this Institute during calendar year 1987. 

(U) 8810 - 8909. Two hundred an^ twenty-three seriously burned 
patients were admitted and treated at this Institute during calendar year 
1988. 

(U) 8910 - 9009. Two hundred and sixteen seriously burned patients 
were admitted and treated at this Institute during calendar year 1989. 
Current clinical research activities include studies of host resistance, 
endocrine changes following injury, nutritional support regimens, skin 
substitutes, and postinjury infection control. 

DO 
S3 MAR 

1498 EDITION OP MAR *8 IB OBSOLETE • US 090 1999-491.003/S0329 

1 



SUPPLEMENTAL WORK UNIT INFORMATION FOR THE PROJECT ENTITLED 
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Two hundred and sixteen patients were admitted to this 
Institute during calendar year 1989. Principal activities included 
care of severely burned patients, research to improve survival and 
function of such patients, and education and training of health 
care professionals and paraprofessionals. Areas of research 
included an ongoing study of 5% aqueous mafenide acetate soaks for 
the topical treatment of burn wounds following grafting, studies of 
neuroendocrine abnormalities in burn injuries, a clinical 
evaluation of the use of high frequency ventilation in patients 
with inhalation injury, quantification of dynamic splint forces on 
metacarpophalangeal function recovery, evaluation of in vitro 
cultivated kératinocytes as epithelial autografts for the closure 
of burn wounds, evaluation of imipenem-cilastatin sodium for 
prophylactic activity against bacterial pneumonias in burned 
patients with inhalation injury, a study of medium-chain 
>. riglyceride utilization, determination of the caloric requirements 
of thermally injured children, a study of salt and water balance in 



the thermally injured patient, assessment by flow cytometry of 
peripheral blood cells, a study of the effect of recombinant human 
growth hormone treatment on the rate of healing of burn patients 
who require skin grafting, a study of human granulocyte-macrophage 
colony-stimulating factor in patients with thermal injury, an 
investigation of the importance of alterations in tumor necrosis 
factor in burn patients, a study of interleukin-1 activity in the 
serum of thermally injured patients, and a project to characterize 
certain biochemical indicators of infection in the thermally 
injured. 



CLINICAL OPERATION 
CENTER FOR TREATMENT OF BURNED SOLDIERS 

During calendar year 1989, 216 patients were admitted to this 
Institute. The average total burn size of the entire population 
was 22.8% of the total body surface area, with a 10.7% average 
extent of full-thickness injury. The average hospital stay of all 
patients, excluding the convalescent leave of active duty military 
patients, was 40 days. 

During calendar year 1989, 494 operative procedures were 
performed on 160 patients, an average of 3.1 operative procedures 
per patient. 

ADMISSION DATA 

The Clinical Division of this Institute admitted 216 soldiers 
and other authorized patients with thermal, chemical, or electric 
injury during calendar year 1989. Aeromedical teams from the 
Institute conducted 78 missions to transfer 98 (45.4%) of the 
admitted patients. Seventy-five missions were within the 
continental United States and three were to areas overseas. Thirty 
missions (38.5%) were carried out by rotary-wing aircraft and 45 
(57.8%) by fixed-wing aircraft. One hundred and forty of the 216 
patients (67%) were admitted within 24 h of injury and 151 (70%) 
were admitted within 48 h of injury. One hundred and seventy—four 
patients (80.6%) were male and 42 (19.4%) were female. 

DISPOSITION DATA 

The following statistics are based on 216 patient admissions 
during calendar year 1989. The ages of these patients ranged from 
2 months to 93 yr, with an average age of 28.1 yr. Burn sizes 
averaged 22.8% of the total body surface area, with an average 
full—thickness component of 10.7%. Fifty—one patients were in the 
pediatric age group (< 15 yr), with an average age of 4.5 yr and an 
average burn size of 16.1% of the total body surface area. The 
average hospital stay of all admissions was 40.4 days when 
convalescent leave for active duty military patients was included 
in the calculation and 40 days when convalescent leave was 
excluded. There were 15 patients with high voltage electric injury 
and 7 patients with chemical injury. The sources of admission are 
identified in Table 1 and the causes of burn injury are detailed in 
Table 2. 
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TABLE 1. Sources of Admissions (1989) 

AREA_A 

First Army 2 

Third Army 6 

Fifth Army 9 

Sixth Army 1 

Brazil 0 

Italy 0 

Korea 2 

Nicaragua 0 

Panama 9 

Philippines 0 

San Salvador _0 

TOTAL 29 

AD AF AFP N/MC 

12 11 

1112 

20 6 9 4 

0 12 1 

0 0 0 0 

0 0 0 0 

1 1 1 13 

0 0 0 0 

0 0 0 1 

10 0 2 

0 _0 _0 _1 

24 11 14 25 

D VAB OTHER TOTAL 

0 10 8 

0 3 0 14 

2 9 93 152 

0 0 1 6 

0 0 1 1 

0 0 1 1 

0 0 0 18 

0 0 1 1 

0 0 1 11 

0 0 0 3 

0. _0 _0  1 

2 13 98 216 

A * Army, AF = Air Force, N = Navy, M = Marine Corps, D = 
Dependent, VAB = Veterans Administration Beneficiary, and OTHER = 
Civilian Emergency, US Public Health Service Beneficiary, and 
Bureau of Employees Compensation Beneficiary. 
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Inhalation injury was identified in 62 patients (28.7% of 
admissions). Ninety-eight patients (45.4%) had some associated 
injury (includes 62 patients with inhalation injury) which included 
fractures of dislocations in 13 patients, lacerations in 8 
patients, and head injuries in 5 patients. 

Morbidity and Mortality. Twenty of the 216 admissions (9.3%) 
died during calendar year 1989. Autopsies were performed in 11 
(55%) of these hospital deaths. The average burn size of patients 
who died was 52.9% of the total body surface area and the 
full-thickness burn was 35% of the total body surface area. Age 
ranged from 2 to 93 yr. Seventeen of these patients (85%) had 
inhalation injury as a primary or contributing cause of death. 
Eighteen patients (90%) had burn injuries exceeding 30% of the 
total body surface area, 16 (80%) exceeding 40%, and 11 (55%) 
exceeding 50% of the total body surface area. Two of the 20 deaths 
(10%) occurred in pediatric patients. These children had an 
average total body surface area burn of 68% and an average full¬ 
thickness burn of 38.8%. The average age of children who died was 
6 yr. No autopsies were performed in these children. 

Infection was once again the most common complication following 
thermal injury, with pneumonia occurring in 31 patients. The most 
common organism isolated in patients with bacterial pneumonia was 
Staphylococcus aureus in 23 patients. Gram-negative organisms were 
responsible for the pneumonias in the remaining 8 patients. No 
patients had bacterial invasion of the burn wound; however, 9 had 
burn wound invasion by fungi or yeast. Aspergillus was the 
organism identified in viable tissue in 6 cf these patients, 
Candida in 2, and Mucor in 1. No patients had suppurative 
thrombophlebitis during this reporting period. 

Table 3 lists the effect of age and extent of injury on 
survival and Table 4 lists mortality rates associated with 
increments of 10% of the total body surface area for the years 
1985-8. Table 5 summarizes the survival of patients with extensive 
burns from 1963—89. Table 6 compares mortality before and after 
the use of topical chemotherapy on the burn wound. Table 7 lists 
the causes of death for calendar year 1989. 

EDUCATIONAL ACTIVITIES 

During calendar year 1989, the professional staff of the 
Clinical Division continued to provide education to professional an 
paraprofessional groups at the local, national, and international 
levels. A total of 38 resident physicians were attached for 
periods of 1-2 months, including 8 each from Wilford Hall USAF 
Medical Center and Pensacola Naval Air Station, 7 from the 
University of Texas Health Science Center (San Antonio TX), 4 each 
from Brooke Army Medical Center and Letterman Army Medical Center, 
2 each from Travis Air Force Base Medical Center, Providence 
Hospital (Southfield MI), and Fitzsimons Army Medical Center, and 
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TABLE 5. Survival and Nonsurvival by Year for Patients with Burns 
> 30% of the Total Body Surface Area (1963-89) 

_SURVIVORS_ _NONSURVIVORS_ 
Number Average Burn (%) Number Average Burn (%) 

Year_of Cases Total_3_°_of Cases Total_3° 

1989 

1988 

1987 

1986 

1985 

1984 

1983 

1982 

1981 

1980 

1979 

1978 

1977 

1976 

1975 

1974 

1973 

1972 

1971 

1970 

1969 

1968 

1967 

1966 

1965 

1964 

1963 

52 

56 

46 

51 

48 

43 

37 

53 

54 

62 

61 

67 

66 

69 

80 

55 

47 

62 

63 

92 

113 

143 

103 

68 

47 

40 

28 

44.3 

40.9 

43.7 

45.9 

43.6 

46.4 

43.5 

43.7 

42.7 

42.7 

45.4 

45.7 

42.2 

45.5 

46.1 

43.9 

43.7 

42.0 

41.9 

39.4 

43.2 

44.2 

42.7 

41.5 

43.8 

41.8 

45.8 

23.7 

20.6 

17.2 

17.2 

21.7 

24.8 

17.5 

24.8 

17.5 

15.1 

13.4 

14.8 

14.4 

15.0 

14.7 

12.2 

19.6 

17.2 

14.0 

10.7 

11.1 

12.6 

13.3 

14.9 

21.0 

14.8 

19.6 

19 

16 

20 

29 

42 

32 

30 

54 

43 

66 

74 

69 

70 

79 

94 

97 

113 

103 

68 

70 

70 

38 

51 

59 

33 

35 

53 

54.8 

58.8 

63.0 

59.8 

54.3 

59.5 

62.8 

53.9 

62.2 

64.3 

65.0 

55.2 

56.9 

64.2 

61.3 

60.8 

60.3 

56.7 

60.8 

51.9 

58.7 

54.6 

59.9 

59.9 

66.0 

67.7 

58.6 

36.4 

46.4 

44.9 

41.4 

37.1 

38.7 

50.7 

38.3 

39.8 

41.8 

37.0 

33.0 

29.0 

31.1 

32.8 

35.9 

36.2 

35.9 

38.0 

32.6 

26.4 

24.6 

32.3 

31.3 

33.4 

44.8 

42.6 
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1 from William Beaumont Hospital (Royal Oak, MI) . Five interns 
from Brooke Army Medical Center rotated through this Institute. A 
total of 8 medical students rotated through the Institute, 
including 2 students each from the Uniformed Services University of 
Health Sciences and the University of North Carolina and 1 each 
from Tufts University, the University of Indiana, the University of 
Pittsburgh, and the Medical College of Pennsylvania. In addition, 
1 critical care fellow from Brooke Army Medical Center rotated 
through the Institute. A total of 20 physicians visited from 
foreign countries for periods ranging from 1 day to 3 months, which 
included 5 from Pakistan, 4 from Russia, 2 from Norway, and 1 each 
from Indonesia, Egypt, Spain, Canada, Finland, Nfipal, the 
Philippines, Tunisia, and Turkey. One foreign medical student 
visited the Institute for a period of 2 months. The Respiratory 
Therapy Branch had 107 trainees; the Physical Therapy Branch had 
148 trainees; and the Occupational Therapy Branch had 143 trainees. 
Twenty-one scientific publications appeared in refereed medical 
journals and 271 scientific presentations were conducted for 
military and civilian audiences. Numerous scientific presentations 
were made at the Academy of Health Sciences and various military 
installations throughout the continental United States, to include 
support of the Combat Casualty Care Courses of the United States 
Army. In addition, weekly professional staff conferences were 
conducted for and by Institute personnel. 

PRESENTATIONS 

Stetz CK: What is a nurse? Presented at Career Day, Nulsen 
Preschool Program, Fort Sam Houston, San Antonio, Texas, 4 January 
1989. 

Luster SH: Occupational Therapy in Burn Care. Presented as 
part of the Occupational Therapy Assistant Course, Academy of 
Health Sciences, Fort Sam Houston, San Antonio, Texas, 5 January 
1989. 

Pruitt BA Jr: Treatment of patients with extensive burns. 
Presented to the Department of Surgery, Rush-Presbyterian-St. 
Luke's Medical Center, Chicago, Illinois, 6 January 1989. 

Pruitt BA Jr: Fluid therapy of injured patients. Presented to 
the Department of Surgery, Rush-Presbyterian-St. Luke's Medical 
Center, Chicago, Illinois, 7 January 1989. 

Duncan DJ: Initial management of the burn victim. Presented 
to the Nursing Service Branch, United States Army Institute of 
Surgical Research, Fort Sam Houston, San Antonio, Texas, 10 January 
1989. 
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DePew CL: Standards of care for the large burn victim in the 
initial 48 hours. Presented to the Nursing Service Branch, United 
States Army Institute of Surgical Research, Fort Sam Houston, San 
Antonio, Texas, 10 January 1989. 

Bergstrom RJ: Nursing documentation in critical care. 
Presented to the Nursing Service Branch, United States Army 
Institute of Surgical Research, Fort Sam Houston, San Antonio, 
Texas, 10 January 1989. 

Driscoll DM: Burn wound management. Presented to the Nursing 
Service Branch, United States Army Institute of Surgical Research, 
Fort Sam Houston, San Antonio, Texas, 10 January 1989. 

Jennings JL: Aeromedical transport of the burn victim. 
Presented to the Nursing Service Branch, United States Army 
Institute of Surgical Research, Fort Sam Houston, San Antonio, 
Texas, 10 January 1989. 

Summers TM: Communicating effectively. Presented to the 
Nursing Service Branch, United States Army Institute of Surgical 
Research, Fort Sam Houston, San Antonio, Texas, 10 January 1989. 

Hollen E: Infection control in the burn unit. Presented to 
the Nursing Service Branch, United States Army Institute of 
Surgical Research, Fort Sam Houston, San Antonio, Texas, 11 January 
1989. 

Summers TM: Psychosocial aspects of burn care. Presented to 
the Nursing Service Branch, United States Army Institute of 
Surgical Research, Fort Sam Houston, San Antonio, Texas, 11 January 
1989. 

Wright ML: Perioperative care of the burn patient. Presented 
to the Nursing Service Branch, United States Army Institute of 
Surgical Research, Fort Sam Houston, San Antonio, Texas, 11 January 
1989. 

Pruitt BA Jr: Past and projected combat casualty care. 
Presented at the United States Army Medical Research and 
Development Command Combat Casualty Care Review, Denver, Colorado, 
16 January 1989. 

Summers TM: United States Army Institute of Surgical Research. 
Presented to the Organization of Retired Registered Nurses, United 
States Army Institute of Surgical Research, Fort Sam Houston, San 
Antonio, Texas, 17 January 1989. 

Driscoll DM: United States Army Institute of Surgical 
Research. Presented at the 410th Evacuation Hospital, Fort Sam 
Houston, San Antonio, Texas, 18 January 1989. 
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Duncan DJ: Burn injuries. Presented at the Southwest Middle 
School, San Antonio, Texas, 18 January 1989. 

Pruitt BA Jr: Clinical and laboratory studies of inhalation 
injury. Presented to the North American Burn Society, Colorado. 
23 January 1989. 

Pruitt BA Jr: Infection surveillance in burn patients. 
Presented to the North American Burn Society, Colorado, 24 January 
1 û O Û ■* 

Duncan DJ: Environmental emergencies. Presented at the 
Emergency Medical Technician Certification Program, Fort Sam 
Houston, San Antonio, Texas, 25 January 1989. 

Duncan DJ: Hazardous materials. Presented as part of the 
Emergency Medical Technician Certification Program, Fort Sam 
Houston, San Antonio, Texas, 25 January 1989. 

Floyd JR: Wear and apparel of the military uniform. Presented 
as part of the NCO Development Course, Fort Sam Houston, San 
Antonio, Texas, 26 January 1989. 

p®Fnw CL: Acid base balance. Presented as part of the 
Critical Care Course, Brooke Army Medical Center, Fort Sam Houston, 
San Antonio, Texas, 30 January 1989. 

D«P«w CL: Fluid and electrolytes. Presented as part of the 
Critical Care Course, Brooke Army Medical Center, Fort Sam Houston, 
San Antonio, Texas, 30 January 1989. 

DcPttw CL: Initial management of the burn victim. Presented as 
part of the Critical Care Course, Brooke Army Medical Center, Fort 
Sam Houston, San Antonio, Texas, 30 January 1989. 

Duncan DJ: Initial management of the burn victim. Presented 
as part of the Critical Care Course, Brooke Army Medical Center, 
Fort Sam Houston, San Antonio, Texas, 30 January 1989. 

Salzar RA: Management of burn injuries in the theater of 
operation. Presented as part of the United States Air Force 
Battlefield Nursing Course, Brooks Air Force Base, San Antonio, 
Texas, 7 February 1989. 

Cioffi WG Jr: .Resuscitation of the injured patient. Presented 
as part of the Advanced Trauma Life Support Course, University of 
Texas, San Antonio, Texas, 11 February 1989. 

McManus WF: Advances in burn care. Presented to the 
Department of Surgery, University of Nebraska College of Medicine, 
Omaha, Nebraska, 11 February 1989. 
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McManus WF: Advances in burn care: research for clinical 
care. Presented at the Midwest Student Medical Research Forum XX, 
Omaha, Nebraska, 11 February 1989. 

Pruitt BA Jr: Ethics in biomedical research. Presented at the 
Noon Conference Lecture Series, Brooke Army Medical Center, Fort 
Sam Houston, San Antonio, Texas, 15 February 1989. 

Burleson D6: Variation of T lymphocyte antigen expression. 
Presented at the Becton Dickinson Biannual User's Conference, San 
Francisco, California, 16 February 1989. 

Pruitt BA Jr: Clinical and laboratory research at the United 
States Army Institute of Surgical Research. Presented at the Noon 
Conference Lecture Series, Brooke Army Medical Center, Fort Sam 
Houston, San Antonio, Texas, 22 February 1989. 

Cioffi WG Jr: Initial care of the thermally injured patient. 
Presented as part of the United States Air Force Physical Therapy 
Course, Brooke Army Medical Center, Fort Sam Houston, San Antonio, 
Texas, 1 March 1989. 

Duncan DJ: Environmental emergencies. Presented as part of 
the Emergency Medical Technician Certification Program, Fort Sam 
Houston, San Antonio, Texas, 1 March 1989. 

Duncan DJ: Hazardous materials. Presented as part of the 
Emergency Medical Technician Certification Program, Fort Sam 
Houston, San Antonio, Texas, 1 March 1989. 

Pruitt BA Jr: Current management of extensive burns. 
Presented to the Department of Surgery, WC MacKenzie Health 
Sciences Center, University of Alberta, Edmonton, Canada, 5 March 
1989. 

Pruitt BA Jr: Role of environment in nosocomial infection. 
Presented to the Department of Surgery, WC Mackenzie Health 
Sciences Center, University of Alberta, Edmonton, Canada, 6 March 
1989. 

Pruitt BA Jr: Diagnosis and treatment of infections in 
surgical patients. Presented to the Edmonton Surgical Society, 
Edmonton, Canada, 7 March 1989. 

Pinkston GD: Army medical MOS training. Presented at the 
South San Antonio High School, San Antonio, Texas, 10 March 1989. 

Burgess MC: Acute burn trauma: burn wound management. 
Presented to the 57th Air Evacuation Squadron, Scott Air Force 
Base, Belleville, Illinois, 13 March 1989. 
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Burgess MC: Acute burn trauma: standards of care for the 
large burn victim during the initial 48 hours. Presented to the 
57th Air Evacuation Squadron, Scott Air Force Base, Belleville, 
Illinois, 13 March 1989. 

Duncan DJ: Acute burn trauma: initial management of burn 
victims. Presented at the Baptist Memorial Hospital School of 
Nursing, San Antonio, Texas, 13 March 1989. 

Duncan DJ: Acute burn trauma: standards of care for the large 
burn victim during the initial 72 hours. Presented to the 57th Air 
Evacuation Squadron, Scott Air Force Base, Belleville, Illinois, 
13 March 1989. 

Salzar RA: Acute burn trauma: aeromedical evacuation of bum 
victims. Presented to the 57th Air Evacuation Squadron, Scott Air 
Force Base, Belleville, Illinois, 13 March 1989. 

Salzar RA: Acute burn trauma: initial management of burn 
victims. Presented to the 57th Air Evacuation Squadron, Scott Air 
Force Base, Belleville, Illinois, 13 March 1989. 

Pruitt BA Jr: Diagnosis and treatment of opportunistic 
infections in injured man. Presented to the Department of Surgery, 
Lankenau Hospital, Philadelphia, Pennsylvania, 14 March 1989. 

Pruitt BA Jr: Care of the burn wound. Presented at the 
Crozier-Chester Hospital, Philadelphia, Pennsylvania, 14 March 
1989. 

DeP*w CL: Acid base balance. Presented as part of the 
Critical Care Course, Academy of Health Sciences, Fort Sam Houston, 
San Antonio, Texas, 14 March 1989. 

D«P«w CL: Fluid and electrolytes. Presented as part of the 
Critical Care Course, Academy of Health Sciences, Fort Sam Houston, 
San Antonio, Texas, 14 March 1989. 

Sunmzrz TM: Crisis and families. Presented as part of the 
Critical Care Course, Academy of Health Sciences, Fort Sam Houston, 
San Antonio, Texas, 14 March 1989. 

Molt«r NC: Nursing at the United States Army Institute of 
Surgical Research. Presented at the FORESCOM Conference, Atlanta, 
Georgia, 16 March 1989. 

Driscoll DM: Initial management of burn victims in the theater 
of operation. Presented at the 4th Annual United States Naval 
Hospital Nursing Symposium, Guantanamo Bay, Cuba, 18 March 1989. 
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Molter NC: Nursing at the United States Army Institute of 
Surgical Research. Presented as part of the Recruiting Tour, Fort 
Sam Houston, San Antonio, Texas, 20 March 1989. 

Sftlzar RA: Initial management of burn victims in the theater 
of operation. Presented as part of the United States Air Force 
Battlefield Nursing Course, Brooks Air Force Base, San Antonio, 
Texas, 21 March 1989. 

Driscoll DM: Aeromedical evacuation. Presented at Fort 
Campbell, Kentucky, 22 March 1989. 

Driscoll DM: Burn wound care. Presented at Fort Campbell, 
Kentucky, 22 March 1989. 

DsPsw CL: Pacemakers. Presented as part of the United States 
Army Critical Care Course, Academy of Health Sciences, Fort Sam 
Houston, San Antonio, Texas, 28 March 1989. 

Summers TM: Stress and crisis management. Presented as part 
of the United States Army Critical Care Course, Academy of Health 
Sciences, Fort Sam Houston, San Antonio, Texas, 28 March 1989. 

Jordan BS: Nursing research in burn care. Presented at the 
21st Annual Meeting of the American Burn Association, New Orleans, 
Louisiana, 29 March 1989. 

Pruitt BA Jr: Burns in the high risk patient: the burn 
patient with multiple trauma. Presented at the 21st Annual Meeting 
of the American Burn Association, New Orleans, Louisiana, 29 March 
1989. 

Chu C-S: Accelerating split-thickness graft healing on 
tangentially excised deep second degree burn wounds by weak direct 
current application. Presented at the 21st Annual Meeting of the 
American Burn Association, New Orleans, Louisiana, 30 March 1989. 

Luster SH: An evaluation device for quantifying joint 
stiffness in the burned hand. Presented at the 21st Annual Meeting 
of the American Burn Association, New Orleans, Louisiana, 31 March 
1989. 

Molter NC: Workload management. Presented at the 21st Annual 
Meeting of the American Burn Association, New Orleans, Louisiana, 
31 March 1989. 

DePew CL: Acute burn trauma: aeromedical transport of the 
burn victim. Presented at the 349th Combat Support Hospital, St. 
Petersburg, Florida, 1 April 1989. 
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Chu C-S: Multiple graft harvesting from donor wounds healed 
under the influence of weak direct current. Presented at the 21st 
Annual Meeting of the American Burn Association, New Orleans, 
Louisiana, 1 April 1989. 

DttPew CL: Acute burn trauma: standards of care for the large 
burn victim during the initial 72 hours. Presented at the 349th 
Combat Support Hospital, St. Petersburg, Florida, 1 April 1989. 

Selzar RA: Acute burn trauma: burn wound care. Presented at 
the 349th Combat Support Hospital, St. Petersburg, Florida, 1 April 
1989. 

Salzer RA: Acute burn trauma: initial management of the bum 
victim. Presented at the 349th Combat Support Hospital, St. 
Petersburg, Florida, 1 April 1989. 

Duncan DJ: Initial management of the burn victim. Presented 
at the Glens Falls Hospital, Glens Falls, New York, 3 April 1989. 

Duncan DJ: Initial management of the burn victim. Presented 
at the State University of New York College of Arts and Sciences, 
Plattsburgh, New York, 3 April 1989. 

Driscoll DM: Environmental emergencies. Presented as part of 
the Emergency Medical Technician Certification Program, Fort Sam 
Houston, San Antonio, Texas, 4 April 1989. 

Carlson DE: Nutritional needs of the burn patient. Presented 
at the Patients' Family Group Meeting, United States Army Institute 
of Surgical Research, Fort Sam Houston, San Antonio, Texas, 4 April 
1989. 

Duncan DJ: Initial management of the burn victim. Presented 
at the Rutland Regional Medical Center, Rutland, Vermont, 5 April 
1989. 

Duncan DJ: Initial management of the burn victim. Presented 
at the University of Vermont, Burlington, Vermont, 4 April 1989. 

Duncan DJ: Initial management of the burn victim. Presented 
at the Vermont College of Norwich University, Montpelier, Vermont, 
5 April 1989. 

Pruitt BA Jr: The surgical basic sciences examination history, 
content, and curriculum. Presented at the annual meeting of the 
Association for Surgical Education, Tampa, Florida, 7 April 1989. 

DePew CL: Fluid and electrolytes. Presented at the United 
States Army Institute of Surgical Research, San Antonio, Texas, 
11 April 1989. 
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Beverly E: Anatomy and physiology of the respiratory system. 
Presented to the 91A Section, Combat Medical Support Division, Fort 
Sam Houston, San Antonio, Texas, 11 April 1989. 

Summers TM: Psychosocial aspects of critical care. Presented 
as part of the Introduction to Hospital Ministry Course, Brooke 
Army Medical Center, Fort Sam Houston, San Antonio, Texas, 12 April 
1989. 

McManus WF: The burn patient as a trauma model. Presented at 
the Gary P. Wratten Surgical Symposium, Tacoma, Washington, 
13 April 1989. 

Anderson SE: Aeromedical transport of the burn victim. 
Presented at the United States Army Institute of Surgical Research, 
Fort Sam Houston, San Antonio, Texas, 12 April 1989. 

Driscoll DM: Burn wound management. Presented at the United 
States Army Institute of Surgical Research, Fort Sam Houston, San 
Antonio, Texas, 12 April 1989. 

Hollen E: Infection control in the burn unit. Presented at 
the United States Army Institute of Surgical Research, Fort Sam 
Houston, San Antonio, Texas, 12 April 1989. 

Wright ML: Perioperative management of burn victims. 
Presented at the United States Army Institute of Surgical Research, 
Fort Sam Houston, San Antonio, Texas, 12 April 1989. 

Borgstrom RJ: Nursing documentation at the United States Army 
Institute of Surgical Research. Presented at the United States 
Army Institute of Surgical Research, Fort Sam Houston, San 
Antonio, Texas, 13 April 1989. 

Duncan DJ: Initial management of the burn victim. Presented 
at the United States Army Institute of Surgical Research, Fort Sam 
Houston, San Antonio, Texas, 13 April 1989. 

Summers TM: Communicating effectively. Presented at the 
United States Army Institute of Surgical Research, Fort Sam 
Houston, San Antonio, Texas, 13 April 1989. 

Summers TM: Psychosocial aspects of thermal injuries. 
Presented at the United States Army Institute of Surgical Research, 
Fort Sam Houston, San Antonio, Texas, 13 April 1989. 

McManus AT: What's in a name? Is that which we call MRSA just 
another Staphylococcus aureus when treated with vancomycin? 
Presented at the 9th Annual Meeting of the Surgical Infection 
Society, Denver, Colorado, 14 April 1989. 
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Waymack JP: Effect of prostaglandin E on resistance to 
endotoxin and tumor necrosis factor shock. Presented at the 9th 
Annual Meeting of the Surgical Infection Society, Denver, Colorado, 
13 April 1989. 

Pruitt BA Jr: Infection and use of antibiotics in trauma 
patients. Presented at the 3rd Congress of Latin American Chapters 
of the American College of Surgeons, Santiago, Chile, 17 April 
1989. 

Pruitt BA Jr: The pathophysiology of posttraumatic metabolic 
changes. Presented at the 3rd Congress of Latin American Chapters 
of the American College of Surgeons, Santiago, Chile, 17 April 
1989. 

Pruitt BA Jr: Management of the severely burned patient. 
Presented at the 3rd Congress of Latin American Chapters of the 
American College of Surgeons, Santiago, Chile, 18 April 1989. 

Pruitt BA Jr: The latest developments in prognostic indices. 
Presented at the 3rd Congress of Latin American Chapters of the 
American College of Surgeons, Santiago, Chile, 19 April 1989. 

Pruitt BA Jr: Replacement of skin in the seriously burned 
patient. Presented at the 3rd Congress of Latin American Chapters 
of the American College of Surgeons, Santiago, Chile, 19 April 
1989. 

Pruitt BA Jr: Management of airway injury. Presented at the 
3rd Congress of Latin American Chapters of the American College of 
Surgeons, Santiago, Chile, 20 April 1989. 

Pruitt BA Jr: The training and role of the surgeon in 
intensive care. Presented at the 3rd Congress of Latin American 
Chapters of the American College of Surgeons, Santiago, Chile, 
20 April 1989. 

Beverly E: Anatomy and physiology of the musculoskeletal 
system. Presented to the 91A Section, Combat Medical Support 
Division, Fort Sam Houston, San Antonio, Texas, 24 April 1989. 

Luster SH: Occupational therapy in burn care. Presented as 
part of the Occupational Therapy Assistant Course, Academy of 
Health Sciences, Fort Sam Houston, San Antonio, Texas, 25 April 
1989. 

Duncan DJ: Burns and hazardous materials. Presented as part 
of the Emergency Medical Technician Course, Fort Sam Houston, San 
Antonio, Texas, 2 May 1989. 
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Gutierrez RT: AMSC role in mobile medical training teams. 
Presented as part of the United States Army Medical Specialist 
Corps Clinical Management Course, Academy of Health Sciences, Fort 
Sam Houston, San Antonio, Texas, 3 May 1989. 

Molter NC: Families in crisis. Presented at the Medical 
Intensive Care Unit, Humana Metropolitan Hospital, San Antonio, 
Texas, 9 May 1989. 

Jennings JL: Burn wound management. Presented at the 
Aerospace Medical Association Flight Nurse Symposium, Washington, 
DC, 11 May 1989. 

Duncan DJ: Acute burn trauma - the first 72 hours: standards 
of care for the burn victim. Presented at the Pre-Conference 
Workshop, American Association of Critical Care Nurses National 
Teaching Institute, Atlanta, Georgia, 14 May 1989. 

Summers TM: Acute burn trauma - the first 72 hours: 
psychosocial aspects of thermal injuries and pain management. 
Presented at the Pre-Conference Workshop, American Association of 
Critical Care Nurses National Teaching Institute, Atlanta, Georgia, 
14 May 1989. 

Selzer RA: Initial management of burn victims in the theater 
of operation. Presented as part of the United States Air Force 
Battlefield Nursing Course, Brooks Air Force Base, San Antonio, 
Texas, 16 May 1989. 

Anderson SE: Functioning in an intensive care environment. 
Presented as part of the OT/PT Management of Burns in the Theater 
of Operation Course, United States Army Institute of Surgical 
Research, Fort Sam Houston, San Antonio, Texas, 16 May 1989. 

Carlson DE: Nutritional management of the burn patient. 
Presented as part of the OT/PT Management of Burns in the Theater 
of Operation Course, United States Army Institute of Surgical 
Research, Fort Sam Houston, San Antonio, Texas, 16 May 1989. 

Bollan E: Infection control in burn ca*e. Presented as part 
of the OT/PT Management of Burns in the Theater of Operation 
Course, United States Army Institute of Surgical Research, Fort Sam 
Houston, San Antonio, Texas, 16 May 1989. 

Jordan BS: Research activities at the United States Army 
Institute of Surgical Research. Presented as part of the OT/PT 
Management of Burns in the Theater of Operation Course, United 
States Army Institute of Surgical Research, Fort Sam Houston, San 
Antonio, Texas, 16 May 1989. 

25 



Molter NC: Pain management in burn care. Presented as part of 
the OT/PT Management of Burns in the Theater of Operation Course, 
United States Army Institute of Surgical Research, Fort Sam 
Houston, San Antonio, Texas, 16 May 1989. 

Summers TM: Psychosocial considerations in the care of the 
burn patient. Presented as part of the OT/PT Management of Burns 
in the Theater of Operation Course, United States Army Institute of 
Surgical Research, Fort Sam Houston, San Antonio, Texas, 16 May 
1989. 

Carlson DE: Nutritional management of the burn patient. 
Presented as part of the OT/PT Management of Burns in the Theater 
of Operation Course, United States Army Institute of Surgical 
Research, Fort Sam Houston, San Antonio, Texas, 16 May 1989. 

Gutierrez RT: Physical therapy and thermal injuries. 
Presented as part of the Advanced Clinical Competencies Course, 
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ABSTRACT 

PROJECT NUMBER: 3M162787A874-00, APPLIED RESEARCH AND 
EXPLORATORY DEVELOPMENT 

PROJECT TITLE: CLINICAL OPERATION, CENTER FOR TREATMENT OF BURNED 
SOLDIERS - Anesthesiology 

INSTITUTION: US Army Institute of Surgical Research, Fort Sam 
Houston, San Antonio, Texas 78234-5012 

PERIOD COVERED IN THIS REPORT: 1 Jan 89 through 31 Dec 89 

INVESTIGATORS: Roger L. Wesley, MD, Captain, MC 
Thomas B. Dougherty, MD, Ph.D., Major, MC 

In the period covered by this report, 493 anesthetics were 
administered to 172 patients, an average of 2.87 anesthetics per 
patient. The most commonly used anesthetic agents were narcotics 
(54.56%), followed by isoflurane (33.87%), ketamine (7.30%), 
halothane (2.43%), and enflurane (0.62%). Due to the nature and 
combinations of procedures now preformed, regional anesthesia was 
infrequently used. 

38 



ANESTHESIOLOGY 

PREOPERATIVE PROCEDURES 

Evaluation. Most burned patients are several days post-injury 
when first seen by the anesthesiologist. Time in the immediate 
postburn period is used to stabilize the patients by utilizing 
various physiological data gained from routine and invasive 
monitoring of several indices: hematologic (hematocrit, 
electrolytes, liver and renal function tests); pulmonary (arterial 
blood gases, pulse oximetry, respiratory rates, daily chest 
roentgenogram, pulmonary function tests); cardiovascular (arterial 
blood pressure, central venous pressure, pulmonary arterial and 
wedge pressures, cardiac output measured by Swan-Ganz catheters); 
and renal (urine output, urine chemistries). In addition, the 
anesthesiologist conducts the usual preoperative chart review, 
patient interview, and physical exam. 

All patients who have electrical injuries have a preoperative 
electrocardiogram performed and serum cardiac enzyme levels 
measured to rule out possible myocardial damage. 

Praparation. Patients are kept NPO after 2400 hours the day 
prior to surgery except in the following situations. Children may 
receive clear liquids up to five hours prior to surgery, and 
infants up to three hours prior to surgery. Any patient with an 
enteral feeding tube, the distal end of which is shown to be beyond 
the Ligament of Treitz, may have tube feedings continued 
perioperatively. 

Premedication. Routine medications such as cimetidine, 
sucralfate, or cardiovascular medications are continued up to the 
time of surgery. Benzodiazepines such as valium, along with oral 
metoclopramide are routinely given as premedicants for patients 
taking a p.o. diet. Morphine is frequently given as premedication 
for ICU patients. Atropine, 20 mcg/kg IV is given routinely to 
pediatric patients under the age of two immediately prior to 
induction of anesthesia. Glycopyrrolate, 0.005 mg/kg, to a maximum 
dose of 0.2 mg, is given IV immediately prior to induction with 
ketamine. 

Intraoperative Fluids. All fluids except hyperalimentation 
solutions are changed to Ringer's Lactate or Ringer's Lactate with 
5% dextrose on arrival in the operating room. Normal saline is 
used as a packed red blood cell diluent, and its use is kept to a 
minimum to avoid sodium loading. 

TYPES OF ANESTHESIA 

At the US Army Institute of Surgical Research, narcotics 
including fentanyl and sufentanil are the most frequently used 
anesthetic agent, having replaced isoflurane which was the primary 
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anesthetic during recent years. Isoflurane, enflurane, ketamine, 
and halothane are also used, but to a lesser extent (Table 1). 

Narcotics. The opioids fentanyl and sufentanil are the 
narcotic anesthetics most often utilized, with morphine and 
alfentanil less often utilized. These compounds produce analgesia, 
drowsiness, mood alterations, respiratory depression, euphoria, 
sedation, miosis, dysphoria, and vasomotor stimulation via 
stimulation of various opioid receptors. The opioids are used as 
the primary anesthetic, alone with an adjunct such as nitrous 
oxide, or low dose volatile agent. Narcotics decrease the 
hypermetabolic and hyperdynamic tendencies of the burned patient, 
and provide postoperative pain relief. As a general rule, burned 
patients require larger doses of narcotic anesthetics than unburned 
patients. The opioids are the most frequently used primary 
anesthetic agent at the USAISR. 

Isoflurane. Isoflurane is the most recently introduced 
halogenated ether anesthetic agent to be introduced to the USAISR. 
Biotransformation amounts to only 0.25% of an inhaled dose, and no 
toxic reactions to the metabolic products have been reported to 
date. Although it has a rather pungent odor that tends to limit 
its use as a sole mask induction agent, its use in combination with 
sodium pentothal, ketamine, or etomidate provides a smooth 
anesthetic induction that is significantly more rapid than that 
with enflurane. Isoflurane has been the most commonly used 
anesthetic agent at the USAISR until the opioids supplanted it this 
year. 

Ketamine. This agent is used both IV and IM to produce its 
characteristic dissociative anesthetic state. Basal functions and 
laryngeal reflexes tend to be preserved, and the cardiovascular 
system is supported as well. Unfortunately, ketamine shares with 
its parent compound, phencyclidine, the production of a significant 
incidence of unpleasant side effects. However, proper patient 
preparation and premedication with a benzodiazepine appear to have 
reduced the unpleasant emergence reactions to a level where they 
currently are of little consideration in the carefully-selected 
patient. Laryngospasm, airway obstruction, and regurgitation can 
occur with ketamine. All ketamine anesthetics, other than in 
children, are preceded by IV diazepam (0.15-0.2 mg/kg) or midazolam 
(0.05 mg/kg). 

Enflurane. Enflurane is an isomer of isoflurane which 
provides a relatively smooth anesthetic induction and good muscle 
relaxation. Biotransformation only amounts to 2 - 2.5% of an 
inhaled dose which, perhaps, accounts for the few clinical toxic 
effects observed. Plasma fluoride levels in hypermetabolic burned 
patients during and after enflurane administration have been 
measured and found not to be in the toxic range. 
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Halothane. Halothane is a halogenated alkane that has met 
with limited use at the USAISR over recent years. Biotrans¬ 
formation can account for as much as 25% of an inhaled dose. 
Halothane hepatitis, although rare, fortunately has not been 
reported in burn patients. Since the successful introduction of 
isoflurane and enflurane, few indications exist for halothane's use 
in this patient population that may be predisposed to hepatitis 
from multiple transfusions with blood products. Halothane is much 
less pungent and causes a more rapid anesthetic induction than 
isoflurane or enflurane. As a result, halothane's use is indicated 
primarily in the burned pediatric patient who requires that his/her 
airway be secured by an endotracheal tube following a smooth,rapid 
induction of anesthesia. 

Regional Anesthesia. Although regional anesthesia is 
generally considered one of the safest methods available, its use 
in the thermally injured patient is limited for the following 
reasons. Infection over or near the site of injection and sepsis 
are contraindications for its use. Also, multiple-site operations 
limit the practicality of this approach. 

Nitrous Oxide. This agent is used in concentrations of 50-70% 
with oxygen. It is used to supplement other analgesic or 
anesthetic agents. 

Muscle Relaxants. Succinylcholine has not been used for any 
purpose in this unit for more than a decade. On the other hand, 
nondepolarizing muscle relaxants (vecuronium, pancuronium, or 
atracurium) were used in 91.08% of the operative cases over the 
past year. 

MONITORING TECHNIQUES 

The following monitoring techniques were used intraoperatively 
to ensure: 

1. Adequate oxygenation of the patient 

a. Inspired and expired oxygen concentration (in-circuit 
oxygen analyzer and mass spectrometer 

b. Arterial hemoglobin oxygen saturation (pulse oximeter) 

c. Patient's color 

2. Adequate ventilation of the patient 

a. Respiratory rate 

b. Chest excursions 
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c. Auscultation of breath sounds (esophageal and precordial 
stethoscopes) 

d. End-tidal C02 concentration (continuous capnometer and 
mass spectrometer) 

e. Indices of pulmonary function (Siemens ventilator) 

f. Arterial blood gases (if indicated) 

The noninvasive measurements of the end-tidal carbon dioxide, 
arterial hemoglobin oxygen saturation by pulse oximetry, and 
indices of pulmonary function (e.g. tidal volume, peak inspiratory 
pressure) all represent no risk to the patient, are easily 
obtainable, and are accurate. These monitors are standard in our 
anesthetic care. Table 2 show the frequencies of use of selected 
intraoperative monitors over the past three years. 

3. Hemodynamic stability of the patient 

a. Continuous EKG 

b. Auscultation of heart sounds (precordial and esophageal 
stethoscopes) 

c. Peripheral pulse 

d. Arterial blood pressure 

e. Central venous and wedge pressures, cardiac output, 
systemic vascular resistance (if indicated) 

f. Serial hematocrits 

g. Urine output 

Direct arterial lines are used when indicated. The Dinamap 
automated blood pressure cuff is routinely used for intraoperative 
blood pressure monitoring. Since it can be used over dressings and 
is noninvasive, it is the most practical method of monitoring blood 
pressure in our patient population. 

Efforts continue toward a safe reduction in the usage of blood 
products in our patients. Patient are now routinely returned from 
the operating room with hematocrits in the range of 22 - 30%. 

4. Adequate body temperature of the patient 

a. Continuous monitoring of skin, rectal, nasopharyngeal, or 
esophageal temperatures 
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b. Because of the greatly increased evaporative losses in 
burned patients, hypothermia can be a serious problem. Several 
methods are employed to maintain adequate body temperature during 
anesthesia: 

(1) The temperature of the. operating room is maintained 
between 85 and 90 degrees F 

(2) Anesthetic gases are heated and humidified 

(3) Radiant heat lamps are utilized as needed 

(4) Disposable K-thermia heating blankets are used when 
indicated 

(5) Scrub solutions, IV fluids, and blood products are 
warmed 

COMPLICATIONS 

There were no anesthetic complications noted during 1989. 

PATIENT DATA AND OVERALL PROCEDURES 

Table 3 illustrates the overall patient anesthetic data for 
the year 1979 through 1989. Table 4 shows the recent trends in 
operative procedures at the USAISR. 

TABLE 3. Overall Patient Anesthetic Data, USAISR (1979-1989) 

Total No. of % of Total No. of 
No. of Patients Patient Anesthetics Anesthetics 

Year Patients Anesth.* Anesth.* Given ¡?“r Patient 

1979 267 

1980 243 

1981 208 

1982 231 

1983 179 

1984 190 

1985 197 

1986 207 

1987 221 

1988 219 

1989 218 

161 60.30 

148 60.91 

127 61.16 

151 65.37 

98 54.75 

139 73.16 

133 67.51 

143 69.08 

179 8j.. 00 

161 73.52 

172 78.89 

554 

531 

404 

532 

291 

461 

388 

410 

453 

466 

493 

3.44 

3.59 

3.18 

3.52 

2.97 

3.32 

2.92 

2.87 

2.53 

2.89 

2.87 

♦Abbreviation : Anesth.= Anesthetized 
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ABSTRACT 

PROJECT HUMBER: 3M162787A874-00, APPLIED RESEARCH AND 
EXPLORATORY DEVELOPMENT 

PROJECT TITLE: 5% Aqueous Sulfamylon Soaks Used in Topical 
Treatment of Burned Patients 

INSTITUTION: US Army Institute of Surgical Research, Fort Sam 
Houston, San Antonio, Texas 78234-5012 

PERIOD COVERED IN THIS REPORT: 1 Oct 89 through 30 Sep 90 

INVESTIGATORS: William F. McManus, M.D., Colonel, MC 
Basil A. Pruitt, Jr., M.D., Colonel, MC 

During this report period, 5% aqueous Sulfamylon dressings 
have continued to be an efficacious treatment modality in the care 
of the burn wound. One hundred and sixty-six patients were treated 
with 5% aqueous Sulfamylon dressings employed either for final 
debridement of a wound or following application of meshed cutaneous 
autograft to prevent desiccation of tissue exposed in the 
interstices of such grafts. A 7% incidence of skin rash (atopy) 
was noted as the only adverse reaction. The clinical results 
achieved by the use of 5% aqueous Sulfamylon solution strongly 
support its continued use. 
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5% AQUEOUS SULFAMYLON SOAKS USED IN TOPICAL TREATMENT OF BURNED 
SOLDIERS 

During this reporting period of 1 October 1989 through 30 
September 1990, the evaluation of 5% Sulfamylon acetate solution 
for topical treatment of the burn wound has continued at this 
Institute and was used in 166 patients (71%) of the 234 patients 
admitted to the U.S. Army Institute of Surgical Research. The 5% 
Sulfamylon acetate soaked dressings are used as wet to dry 
dressings to debride nonviable tissue in preparation for split¬ 
thickness autograft procedures or as continuous wet dressings to 
protect freshly excised wounds that are not autografted. In 
addition, when meshed cutaneous autografts are applied, dressings 
are soaked with 5% Sulfamylon acetate to decrease the rate of 
bacterial growth and to prevent desiccation of tissue exposed in 
the interstices of such grafts. 

Eleven patients (7%) demonstrated allergic reactions (atopy) 
with the use of 5% aqueous Sulfamylon solution and these nineteen 
patients demonstrated rapid resolution of the atopic reaction 
discontinuation of the 5% aqueous Sulfamylon soaked dressings. 
Saline or other aqueous topical antimicrobial agents were utilized 
thereafter and no other adverse reactions were noted in this group 
of patients. 

The use of 5% aqueous Sulfamylon acetate dressings has 
continued to be efficacious both in the preparation of the burn 
wound for cutaneous autografting and in the prevention of 
desiccation of ungrafted granulation tissue. In addition, 5% 
aqueous Sulfamylon ace^'ice solution is most helpful when meshed 
cutaneous autografts are applied so that desiccation or un¬ 
controlled bacterial colonization does not occur, thus permitting 
the dressings over such meshed autografted skin to remain in place 
for an average of three days allowing good adherence prior to the 
first dressing change. The efficacy and the low incidence of 
adverse side effects speak for continued use of this solution. 
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CONTINUATION OF DD FORM 1498 FOR THE PROJECT ENTITLED "STUDIES OF 
THE NEUROENDOCRINE ABNORMALITIES IN BURN INJURY" 

(U) 8810 - 8909. In Syrian hamsters (the model for human 
pineal control), pineal adrenergic responsiveness (AR) is absent 
during most of the day. Early morning hamster pineal AR was 
assessed with a standard bolus injection of isoproterenol that 
raises pineal melatonin content in the dark phase. Injection at 50 
min after the end of the usual 10-h dark phase, either in light or 
extension of darkness, raised daytime pineal melatonin almost to 
the same level as seen after injection during the nocturnal 
"sensitive" period. Extension of the sensitive period into the 
first part of the light phase (but not acutely affected by light) 
indicates that AR is controlled very differently from endogenous 
melatonin production which is acutely lowered by light at night to 
daytime values. A new antibody, iodinated melatonin, and a new 
technique that achieves detectability near the low daytime serum 
level and an ED50 near the peak nocturnal level will permit further 
investigation of AR mechanisms. 

(U) 8910 - 9009. In order to investigate the normal day-night 
difference in pineal sympathetic responsiveness and the role of 
melatonin in the neuroendocrine changes seen after burn injury, it 
is necessary to be able to measure changes of serum melatonin in 
the low daytime range. We found that this was not possible with 
current assays for melatonin. In addition, we found that one 
system (chloroform extraction), single antibody, 1251-melatonin 
tracer, ammonium sulfate precipitation increases specificity and 
sensitivity to near the required levels. However, incomplete 
recovery was still a problem and was worsened by ethanol 
precipitation. Studies with 3H-MEL have begun in order to identify 
the site of loss. A double antibody system will be evaluated as a 
means of increasing sensitivity and recovery. 
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ABSTRACT 

PROJECT NUMBER: 3M162787A874-00, APPLIED RESEARCH AND 
EXPLORATORY DEVELOPMENT 

PROJECT TITLE: STUDIES OF THE NEUROENDOCRINE ABNORMALITIES IN BURN 
INJURY: Refinement of Melatonin Measurement 

INSTITUTION: US Army Institute of Surgical Research, Fort Sam 
Houston, San Antonio, Texas 78234-5012 

PERIOD COVERED IN THIS REPORT: 1 Oct 89 through 30 Sep 90 

INVESTIGATORS: George M. Vaughan, MD, Colonel, MC 

The study of sympathetic responsiveness in burn injury in vivo 
would be enhanced by a reliable technique to measure serum 
melatonin. We obtained an antibody whose relatively high 
specificity has already been demonstrated by its previous use 
directly in unextracted serum (though with considerable limitation 
in the low daytime range) and tested several major modifications in 
its use that improved its utility. These modifications include: 
preparation of standards in buffer instead of melatonin-stripped 
serum, the addition of chloroform extraction and petroleum ether 
washing of the buffer eluate, the substitution of a radioiodinated 
tracer for the tritiated one, and use of ammonium sulfate 
precipitation of the bound tracer instead of charcoal separation. 
Daytime serum values are at the least detectable of 5 pg/ml with 
use of a sample volume on only 0.25 ml, representing improvements 
upon previous assays. 
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REFINEMENT OF MELATONIN MEASUREMENT 

INTRODUCTION 

Sympathetic unresponsiveness, which occurs terminally in the 
cardiovascular system of nonsurviving critically ill or injured 
patients, occurs normally during the daytime in the pineals of 
humans and Syrian hamsters (1). This pineal model of sympathetic 
responsiveness may be studied by measuring pineal melatonin content 
or melatonin delivery into the medium of incubated pineals (1-5). 
For such studies, radioimmunoassay (RIA) of melatonin in pineal 
tissue homogenate or in incubation medium can be carried out with 
little if any significant difficulty related to sensitivity or 
specificity with a number of readily available antibodies. This is 
because of the large amount of melatonin in these materials in 
which nonspecific cross-reacting substances can be diluted beyond 
effect. However, such studies are limited to animal models and, 
within these models, to observations of sympathetic effects on 
melatonin production in pineal glands. 

It would be advantageous to monitor pineal function in vivo by 
measurement of serum levels of melatonin, since such levels appear 
to index at least relatively large changes in pineal function as 
influenced by the gland's sympathetic innervation in several 
species, including the hamster, rat, and human (6-8). However, the 
precision and accuracy of these measurements are limited by the low 
levels of circulating melatonin (particularly during the light 
phase of the light/dark cycle), the inadequate sensitivities of 
RIA's and other methods for melatonin in the lower ranges of serum 
melatonin, and difficulty in removing nonspecific cross-reacting 
substances from serum which may produce falsely high values and 
contribute to variation in the signal that is interpreted as 
melatonin. It is still not yet known what normal daytime values 
are, except that they appear to be near or below the least 
detectable value for some of the assays used to date. 

It has not yet been possible to identify and eliminate 
completely the influence of cross-reacting substances. However, 
with the appearance of different extraction and washing procedures 
and somewhat more specific melatonin antibodies, it has become 
clear that an index of the optimization of serum melatonin 
determination is a lowering of apparent melatonin values in normal 
samples, wherein continued recovery of added melatonin in the 
procedure is insured. In previous observations with use of 
extraction into chloroform, aqueous NaOH washing, and the Rollag 
antibody (9), we observed daytime human values of 40-100 pg/ml (6). 
These were reduced to approximately 10-20 pg/ml with petroleum 
ether washing of the aqueous eluate obtained after evaporation of 
the chloroform and with transfer of a portion of the eluate to 
fresh assay tubes (10). However, this level was still above the 
least detectable (4 pg/ml) determined in buffer. These comparisons 
are for a sample size of 0.5 ml serum, and this antibody cannot be 
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used directly in unextracted serum. This antibody has the 
advantage of reacting with a melatonin analogue which could be 
radioiodinated, used as the RIA tracer, and counted in a gamma 
scintillation counter (obviating the lower specific activity and 
inconveniences of tritiated melatonin tracer and its beta¬ 
counting) . 

Considerably greater specificity was evident for an antibody 
developed subsequently by J. Arendt in England (11). With 
preparation of the assay standards in melatonin-free serum, direct 
addition of the antibody to the unextracted samples and standards 
(0.5 ml), use of tritiated melatonin tracer, and separation of the 
free and antibody-bound tracer with activated charcoal, this 
procedure has given a least detectable value of 10 pg/ml. Normal 
human daytime values have been mostly below this level, though not 
in all cases. "Blocking" out a cross-reactivity element with 
melatonin-free serum does not account for variations in this 
element. Use of a tritiated tracer and charcoal separation provide 
further complicating aspects. However, because the antibody was 
specific enough to be used with unextracted serum and to become 
fairly widely used in this way, we decided to test it with 
modifications of the procedure, including sample extraction in 
particular. 

METHODS 

Sheep anti-melatonin serum 704/8483 was obtained from 
Stockgrand LTD, Guildford, Surrey, England, and diluted 1:3000 in 
assay buffer solution. The latter consists of 0.1 M tricine 
buffer, NaCl 9 g/L, and gelatin 1 g/L. The original assay 
specified a buffer pH of 5.3. However, this involved a final 
reaction mixture including 0.5 ml serum, 0.2 ml antibody in buffer, 
and 0.1 ml of tracer in buffer, and the final pH of such a solution 
(with the buffer originally at pH 5.3) was found actually to be 
about 7.0. Since we planned ultimately to use chloroform 
extraction of the samples, after evaporation of the chloroform, the 
eluting assay buffer would need to be at the optimal pH of the 
incubation reaction. 

We had been aware that melatonin itself (rather than an 
analogue) could be directly radioiodinated (12, 13) and 125i- 
melatonin (IMEL) could be obtained commercially from Amersham 
Corporation, Arlington Heights, IL (product no. IM.215). If IMEL 
(specific activity approximately 2000 Ci/mmole) could be used as 
the RIA tracer instead of tritiated melatonin (approximately 85 
Ci/mmole), the mass of tracer that could be used would be smaller 
and the required amount of antibody less, with a possible resultant 
improvement in sensitivity. We diluted IMEL to 8000 cpm/0.05 ml in 
buffer, and incubated 0.4 ml buffer, 0.05 ml of 1% sheep gamma 
globulin in buffer, 0.05 ml (1/4 the volume specified in the 
original procedure) of antibody, and 0.05 ml IMEL at 4°C overnight. 
We varied the pH of the buffer (reaction mixture) and explored 
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several methods of precipitation of antibody-bound IMEL. 
Precipitates (bound fraction) were counted in a gamma scintillation 
counter. 

Further, we investigate! a number of factors potentially 
influencing the reaction and additional elements of procedure that 
might allow its use for a melatonin assay, as outlined under 
"Results and Discussion". 

We used tritiated me „ate ¿in (Amersham, product no. TRK.7 95) to 
assess recovery from extraction into organic solvent and elution in 
buffer. Liquid scintillation (beta activity) counting in Beckman 
Ready Solv® KP fluor, with standard quench correction, was 
performed on aqueous buffer eluates and unextracted samples, as 
indicated in "Results a. d Discussion". 

RESULTS AND DISCUSSION 

Trials of incubation at various Ph followed by addition of 
saturated ammonium sulfata in water (the latter as the initial 
attempt to separate pr v ein-bound IMEL) showed that the maximal 
radioactivity was precipitated after an incubation pH of 7.0 was 
used. Further trials of various preparations of ammonium sulfate 
indicated that it was most effective at a concentration of 35 g/100 
ml, in a volume of 2 ml, added without vortexing at 4°C, and left 
to stand for 30 min at 4°C. Centrifugation at 4°C, 2000 G yielded 
precipitation of 30-40% of the IMEL (bound) with antibody present 
and 5-6% without antibody. Trials of separation with second 
antibody (donkey and rabbit anti-sheep gamma globulin), 
polyethylene glycol, and/or trichloroacetic acid under a number of 
conditions were unsuccessful. Furthermore, use of ethanol (which 
precipitates antibody-bound melatonin analogue in the Rollag assay) 
was also ineffective. 

This apparent ability of the antibody to bind IMEL 
specifically, as well as the utility of the ammonium sulfate 
precipitation of antibody-bound IMEL, could only be shown if the 
presence of nonradioactive melatonin would reduce the binding. It 
was found that the binding was reduced from that (approximately 
35%) without melatonin, progressively down to near the nonspecific 
binding level with concentrations of melatonin from 6.25 to 1000 
pg/ml in the buffer. This suggested the utility of the procedure 
for melatonin assay. 

To test recovery of melatonin in an extraction procedure 
previously used in the Rollag assay (10), samples of buffer and 
human (normal and postburn), hamster, and rat serum were prepared 
with trace amounts of tritiated melatonin, and 0.25 ml aliquots 
(n=6 per sample source) were extracted with 2 ml chloroform in 12 
X 75 mm glass tubes. The chloroform was washed in succession with 
0.25 ml of 0.1 N NaOH and twice with 0.25 ml H20, and evaporated in 
a vacuum centrifuge. The samples were eluted overnight in 0.35 ml 
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buffer, and aliquots of extracted and unextracted samples were 
counted for tritium. Analysis of variance indicated no differences 
in the percent recovery among sample sources. Mean recovery was 
74%, indicating that the extraction from serum and elution yields 
recovery that is 100% of that from buffer, and that standards 
prepared in buffer for an RIA would be acceptable for comparison 
with serum samples. No improvement of recovery was obtained by 
addition of saturated NaCl to the samples prior to extraction or by 
use of methylene chloride instead of chloroform as the organic 
solvent. 

Melatonin standards (zero, 6.25 pg/ml, and two-fold increments 
to 1000 pg/ml) were prepared in buffer. Standards and samples of 
human, rat, or hamster serum (0.25 ml) were extracted and processed 
identically as described above in 12 x 75 mm glass tubes. Nonzero 
standards were extracted in triplicate and samples in quadrupli¬ 
cate. The zero-standard (buffer) was extracted in nine aliquotes 
in each trial. After extraction, washing of the chloroform with 
0.25 ml 0.1 N NaOH and H20, vacuum evaporation, elution in 0.2 - 
0.5 ml buffer overnight at 4°C, with or without washing the eluate 
with 2 ml petroleum ether and transfer of the eluate to a fresh 
assay tube, and with addition of 0.05 ml 1% sheep gammaglobulin, 
0.05 ml antibody and 0.05 ml IMEL, tubes were incubated at 4°C 
overnight. Ammonium sulfate (2 ml 35 g/dl) was added and tubes 
were kept at 4°C for 30 min prior to centrifugation at 4°C for 30 
min at 2000 G. The unbound IMEL was decanted, and the tubes 
(containing the bound IMEL) were counted in a gamma counter for 
125I, usually with no more than a 2% error. The counts (cpm) for 
the standards (including zero-melatonin) were compared in a four- 
parameter logistic regression with the pre-extraction original 
melatonin concentration [BMDP software, PAR subroutine (14)], with 
resultant determination of parameters: the maximal expected cpm (A) 
at zero melatonin, the minimal expected cpm (NSB) at infinite 
melatonin, the 50% effective concentration (E) at which cpm were 
inhibited to a level half-way between A and NSB, and a slope index 
(S) . The relationship between cpm and pre-extraction standard 
concentration (C) was logistic: predicted cpm = ((A-NSB)/(1 + 
(C/E)3)) + NSB. Observed cpm in replicates of a standard C almost 
always did not overlap with cpm of an adjacent standard C. 

The proportion (B) of the IMEL specifically bound for any 
given tube was also estimated from its cpm, the parameter NSB used 
as the nonspecific binding, and the total cpm (T, determined in 
tubes with IMEL but not decanted) : B = (cpm-NSB^ / T. B0, the B for 
zero-melatonin standard (buffer), was usually approximately 35%, E 
was about 30 pg/ml, and NSB approximately ^-9% of T. Another 
measure of nonspecific binding, the cpm in tubes without antibody, 
was usually 5-6% of T. For nonstandard samples, the predicted C 
was calculated from the cpm by solving the logistic equation above 
for C. The mean cpm minus two standard deviations for the zero- 
standard tubes was used to determine the least detectable pre¬ 
extraction C (LD). The LD was usually about 5 pg/ml. 
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After extraction of standards and samples into and washing of 
the chloroform as above, and after overnight elution of the 
evaporated chloroform residue by 0.5 ml buffer followed by washing 
of the eluate with 2 ml petroleum ether and transfer of 0.4 ml 
eluate into new tubes, the overnight RIA incubation (0.05 ml each 
of 1% sheep gammaglobulin, antibody, and IMEL) in a 4°C water bath 
was followed by precipitation in 2 ml cold 35 g/100 ml ammonium 
sulfate for 30 min prior to centrifugation at 4°C for 30 min at 
2000 G. Daytime sera from humans, rats, and hamsters gave 
melatonin values at or below the least detectable. Assay recovery 
of added melatonin (50 or 100 pg/ml) in serum sample was 95-105%, 
and within-assay between-extraction (four extractions per sample) 
coefficients of variation were 3-15%. A pool of hamster serum 
taken at the expected time of the peak nocturnal serum melatonin 
(0300-0400 h, lights on 0600 h) gave values ranging 17-22 pg/ml in 
different runs. Pooled human or rat night serum undiluted and 
diluted 1:2 and 1:4 gave binding parallel to the standard curve. 
However, pooled hamster night serum gave slightly enhanced 
inhibition of binding at 1:2 and 1:4 dilution, resulting in 
apparent enhancement of the dilution-corrected recovery to 110- 
130%. Omitting the petroleum ether/transfer step worsened this 
problem in hamster serum, the mechanism of which has not yet been 
determined. 

So far, it appears that with use of an antibody having 
relatively high specificity, preparation of standards in buffer 
instead of melatonin-stripped serum, the addition of chloroform 
extraction and petroleum ether washing, the substitution of a 
radioiodinated melatonin tracer for a tritiated one, and use of 
ammonium sulfate precipitation instead of charcoal separation has 
reduced the LD to about 5 pg/ml with sampling of 0.25 ml, compared 
to 10 pg/ml with sampling 0.5 ml reported for this antibody without 
these modifications. This allows assay of smaller samples with use 
of 1/4 the amount of antibody and a little greater sensitivity. In 
that daytime serum gives values at or below this lower LD without 
the presence of melatonin-free serum in the standards to "blank 
out" some of the nonspecific signal (noise) present in serum 
without use of the new procedure, the latter is apparently more 
specific. However, even this procedure is not yet sensitive and 
specific enough to characterize the low daytime levels, and some 
question remains about its use in hamster serum. Further 
characterization of the assay by correlating serum with pineal 
melatonin over nocturnal time intervals and under different in vivo 
conditions of sympathetic stimulation and inhibition will be 
necessary to determine its usefulness in studying pineal 
sympathetic responsiveness in vivo. 
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The enrollment of patients has now been completed. Data will 
be analyzed in conjunction with the other investigators during 
the next fiscal year. 
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ABSTRACT 
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This double-blinded, randomized, placebo-controlled, multi¬ 
institution study was designed to determine whether the adminis¬ 
tration of recombinant human growth hormone could accelerate wound 
healing in burn patients. Preliminary data have suggested that the 
administration of growth hormone can promote anabolism in surgical 
patients. The clinical impression of these investigators was that 
the increased nitrogen retention associated with growth hormone can 
promote anabolism in surgical patients and that the increased 
nitrogen retention associated with growth hormone administration 
was accompanied by accelerated wound healing. Burn patients in 
this study were randomized to receive either 5 or 10 milligrams a 
day of recombinant human growth hormone or a placebo with 
administration commencing on the day of their first surgery. The 
rate of donor site healing was used as an index of the effect of 
growth hormone on wound healing in these patients. 

Ten patients from this Institute and 34 patients overall were 
enrolled in this study. In the patients receiving growth hormone, 
the administration of either 5 or 10 milligrams per day of growth 
hormone resulted in a dose range of 0.05 to 0.15 milligrams per 
kilogram of ideal body weight. Analysis of the IGF-1 response in 
these patients indicated the lack of a consistent response as well 
as IGF levels not significantly elevated over controls until 
postburn day 14. Since IGF-1 response is an indicator of growth 
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hormone action, it is hypothesized that this lack of response may 
be secondary to inadequate drug dosing. There was a wide range of 
donor site healing times amongst all patients, ranging from 4 to 19 
days in the treated group and 8 to 14 days in tie control group. 
Again, this lack of response may be secondary to inadequate drug 
dosing or the fact that therapy was initiated at various times 
following resuscitation. No untoward effects secondary to 
administration of recombinant growth hormone was noted in this 

group of patients. 

Because of the inconsistent and variable response to growth 
hormone administration as indexed by donor site healing and IGF-1 
response, the design of the study was changed. In an attempt to 
ensure adequate dosing of recombinant hormone, the dose was changed 
so it was indexed to body weight (0.2 mg/kg). In addition, 
treatment was started as early as possible following resuscitation 
and stabilization, with treatment continuing for the duration of 
hospitalization. During this fiscal year, two patients were 
enrolled in the study. The total number of patients required by 
Genentech for completion of this multi-center study were enrolled 
during the reporting period. Data analysis and interpretation has 

begun. 
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ABSTRACT 
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Inhalation Injury 

INSTITUTION: US Army Institute of Surgical Research, Fort Sam 
Houston, San Antonio, Texas 78234-5012 

PERIOD COVERED IN THIS REPORT: 1 Get 89 through 30 Sep 90 

INVESTIGATORS: William G. Cioffi, Jr., MD, Major, MC 
Loring W. Rue, III, MD, Major, MC 
Theresa A. Graves, MD 
William F. McManus, MD, Colonel, MC 
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Basil A. Pruitt, Jr., MD, Colonel, MC 

Mortality and the incidence of pneumonia are significantly 
increased in burn patients with inhalation injury, despite 
application of conventional ventilatory support techniques. We have 
studied the effect of high frequency percussive ventilation (HFPV) 
on mortality, incidence of pulmonary infection, and barotrauma in 
5 burn patients with documented inhalation injury admitted between 
March 1987 and September 1990 as compared to an historic cohort 
treated between 1980 an i 1984. All patients satisfied clinical 
criteria for mechanical ventilation. HFPV was initiated within 24 
ours of intubation. The patient's mean age and burn size were 32 2 

years and 47.8% respectively (range 15 to 88 years, 0-90%) The 
of ventilator days was 15.3 ± 16.7 (range 1 to 150) 

°LPaQ\\en}S ventilated for more than two weeks. Fourteen 
ÇfoS nnr\9% developed pneumonia vs an historic frequency of 
4^8% (p<. 005) Mortality was 18.5% (ten patients) with an expected 
historic mortality of twenty-three (95% C.L. 17 to 28) The 
documented improvement in survival and decrease in the incidence of 
pneumonia in patients treated with prophylactic HFV, as compared to 
a cohort of patients treated in the seven years prior to the trial 
indicates the importance of small airway patency in the patho¬ 
genesis o.: inhalation injury sequelae and supports further use and 
evaluation of HFV. 
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HIGH FREQUENCY VENTILATION IN PATIENTS WITH INHALATION INJURY 

INTRODUCTION 

During the past three decades, improvements in burn wound 
management, infection control, and metabolic support have increased 
the survival of thermally injured patients. Inhalation injury, 
however, continues to be a significant comorbid factor in such 
patients, and its treatment has been little improved by the use of 
conventional means of pulmonary support. Bacterial pneumonia, 
which has historically occurred in 38% of all patients with 
inhalation injury but only 8% of those without such injury, 
continues to be the leading cause of morbidity and mortality. The 
combination of inhalation injury and pneumonia exert independent 
but additive effects on the age related mortality attributable to 
burn size (1). 

Current treatment for inhalation injury is supportive and 
includes meticulous pulmonary toilet, mechanical ventilatory 
support when indicate!, and prompt treatment of pneumonia when 
diagnosed. In an ovine model, we have shown that the major insult 
following smoke injury (as indexed by early post injury VA/Q 
mismatching and histopathologic findings) is the obstruction and 
collapse of small airways leading to distal atelectasis and 
subsequent pneumonia (2). Experimental and clinical data suggest 
that high frequency ventilation may be beneficial in recruiting, 
and stabilizing such collapsed diseased lung segments (3-12). In 
addition, some investigators have reported improved clearance of 
secretions from the tracheobronchial tree with the use of high 
frequency ventilation (13). These observations support the 
hypothesis that high frequency ventilation, by preventing alveolar 
collapse and improving secretion clearance, may be beneficial in 
patients with inhalation injury. 

We previously reported a small cohort of ten patients with 
inhalation injury requiring mechanical ventilatory support in whom 
the prophylactic use of high frequency percussive ventilation 
appeared to reduce the incidence of pneumonia (14). This report 
extends our observations to 54 patients in whom high frequency 
percussive ventilation was used in a prophylactic manner in an 
attempt to decrease the incidence of pneumonia and improve 
survival. 

METHODS 

PATIENT POPULATION 

All adult patients admitted to the United States Army 
Institute of Surgical Research between March, 1987 and September, 
1990 with a diagnosis of inhalation injury were eligible for 
enrollment in this study. Inhalation injury was confirmed in each 
patient by bronchoscopy and/or 133Xenon ventilation-perfusion lung 
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The pre?ence of carbonaceous debris beneath the true vocal 
cords mucosal erythema, and ulceration were used to Zf ini 

?°3v““V° SeV,ere inhalati°n injury. Patients wUh a posiÎÎSe 
Xenon scan and negative bronchoscopy were defined as havino mild 

«vîef m lnjïïï; These criteria were establish In our ea'rñer 
Table i _ j A^ter meeting the entrance requirements listed in 

veníílaiory support 

ventilât * from> ,each Patiant and high frequency “poussive 
ventilation initiated for pneumonia prophylaxis. 

HIGH FRiSQUENCY PERCQSSIVE VENTIIATIOM 

in atiCln of1_the hi9h frequency percussive ventilator used in this study has been published hvíâ^i ,., ' 

Ei“r£Hiá:£‘ss4I?"lII 
freshr^hea^ tUb?V The venturi entrains humidified gas from a 

bla3 9-aS, í^ow Provided from the ventilator ®he svstem 
a ^riabir^E ratfo f pe9“6nrt0.Y s.ub-dead volume breaths with 
bulsatile fï™ Periodic interruption of the high frequency 

VSa - - Porcussive3phase 

jiptre rÄtabe 

spaceyre^S^a^-rLVt™ 1.5Thae„df IS^h^ 
e adjusted to maintain 02 saturation greater than 90%' 

SftipSSS'SS 
pulseboaimet^y^a^d ^ifd ^ihdA^CO^^rni^ring0^ The 
percussive phase was set at two seconds, with a raie of return ío 
baseline approximately 2 less than the im setting reouired t° 

ventilatio^^Pea^airwa386 balanoe on oonventionll mechanical 

r;ÂÍHr===££^iiE.:-| 
approximately 30 minutes arterial bi’n^d stabilization for 
obtained and aH^l,Q^-Tnrmr^^-:eS, arter.ial blood gas measurements were 
i-hon=r, and adOustments made as indicated. The goal of ventilator 

apy was to maintain oxygenation and ventilation at the lowest 
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possible peak airway pressure and fractional inspired oxygen 
concentration. Patients were weaned and extubated according to 
standard criteria. 

DIAGNOSIS Of PNEUMONIA 

The diagnosis of pneumonia was based upon standard criteria 
used in this Institute for the past decade. Patients with sputum 
leukocytosis (greater than 25 white blood cells per high power 
field), lack of oropharyngeal contamination (less than 10 squamous 
cells/high power field), a predominant organism on culture, and an 
infiltrate on chest roentgenograms were diagnosed as having 
pneumonia. 

DATA ANALYSIS 

The incidence of pneumonia and death in the study patients was 
compared with predicted values based on two previous studies. The 
first predictor used relates burn size and age to mortality for all 
patients admitted to the Institute of Surgical Research between 
January 1980 and December 1986. The second predictor used as a 
basis for comparison relates burn size, age, the presence of 
inhalation injury and the occurrence of pneumonia to mortality in 
patients admitted between 1980 and 1984. The incidence of 
pneumonia in this latter patient population was also used for 
comparison purposes. Solution of the logistic equations listed in 
Table 3 provides the terms for use in calculating the two values 
for predicted mortality. 

RESOLTS 

PATIENT POPULATION 

Fifty—four patients meeting the entrance criteria were 
enrolled in the study. Routine demographic data are included in 
Table 4. Ten patients died, a mortality of 18.5%. The distribution 
of patients by burn size demonstrates that 50% of the patients had 
burns ranging between 30-60% of the body surface, which is the 
group of patients in which inhalation injury has been reported to 
have its greatest impact on mortality (Fig 1). Segregation of the 
patients by outcome revealed the expected differences between the 
two groups (Table 5) ; non-survivors were older, and had larger 
burns, and a greater incidence of pneumonia. Fifty-two of the 54 
patients were diagnosed as having inhalation injury by broncho¬ 
scopy. The two patients with negative bronchoscopy but positive 
33Xenon scans developed severe ARDS in the first postburn week, 
necessitating mechanical ventilatory support. 

Historically, 45.8% of patients with positive bronchoscopy,and 
19.5% of patients with negative bronchoscopy but a positive 
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TABLI 1. Study Intranc« Gritaria 

Inhalation injury documented by bronchoscopy or xenon lung scan 

- Clinical requirement for ventilatory support 

- Admission within 48 hours of injury 

- Greater than 15 years of age 

TABLE 2. Requirements for Mechanical Ventilatory Support 

1. 

2. 

3. 

4. 

5. 

6. 

7. 

8. 

9. 

Respiratory rate > 35/min 

Vital capacity < 15 ml/kg 

Inspiratory force < 25 Cm H20 

PA02/FI02 < 200 

PC02 > 50 mm Hg 

Vd/Vt > .6 

Upper Airway Edema 

PC02 < 50 nm Hg but progressively increasing 

Increased work of breathing 
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TABLE 3. Burn Mortality Predictors 

Predicted Mortality (PM) = eY 
1 + eY 

I. Logistic equation relating burn size and age to mortality: 

1980 - 1986 

Y = - 4.8216 + 0.10299 (PCTB) - 0.18879 (Age) + 0.50873 
(AgeVlOO) - 0.27915 (AgeVlO, 000) 

II. Logistic equation relating burn size, age, inhalation 
injury, and pneumonia to mortality: 1980 - 1984 

Y = - 3.4953 + 0.09589 (PCTB) - 0.1988 (Age) 
+ 0.4478 (Age2/100) - 0.20314 (AgeVlO, 000) 
+ 0.59056 (II) + 0.92530 (PNEU) 

PCTB = Percent of total body surface burned 

II = - 1.0 if inhalation injury absent 
+ 1.0 if inhalation injury present 

PNEU = - 1.0 if pneumonia absent 
+ 1.0 if pneumonia present 

TABLE 4. Demographic Data 

Age 
TBSB** 
Sex 
Days on ventilator 
Bronchoscopy positive 
Incidence of pneumonia 
Mortality 

32.2 ± 1.8 (15 - 88)* 
47.8 ± 3.1 (0 - 90) 
40 male, 14 female 
15.3 ± 2.2 (1-150) 
96.3% 
25.9% 
10/54 (18.5%) 

* X ± SEM (RANGE) 
** TOTAL BODY SURFACE BURN 
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TABLE 5. Comparison of Survivors and Nonsurvivors 

Age 

TBSB 

Incidence of pneumonia 

* mean ± SEM 

SURVIVORS 

29.6 ± i.5* 

43.7 ± 3.2 

20.5% 

NONSURVIVORS 

43.3 ± 6.5 P <.05 

65.3 ± 7.1 P <. 01 

50% p <.05 

TABLE 6. Actual Versus Predicted Outcome 

PREDICTOR PREDICTED DEATHS 95% C.L. OBSERVED 

#1 (1980 - 1986) 19 
#2 (1980 - 1984)* 23 

13-25 10 
17-28 10 

*This predictor includes the impact that inhalation injury and 
pneumonia have on outcome. 

TABLE 7. Cause of Death 

TBSB AGE PBD CAUSE DEATH 

90% 32 01 
85% 25 03 
59% 40 07 
36% 59 40 
47% 29 50 

65% 60 80 

89% 25 12 
30% 88 43 

64% 49 01 
86% 29 50 

Resuscitation failure 
Resuscitation failure 
Accidental extubation 
Removed from study 
SBE, CVA, 30 days following 

extubation 
CVA, 45 days following 

extubation 
Pulmonary failure 
Pneumonia (Staph, aureus), 

pulmonary failure 
Unable to ventilate 
Pneumonia, Aspergillus 

wound infection 
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133 
Xenon lung scan have developed pneumonia. Based upon that 

experience, 25 of the study patients would have been expected to 
develop pneumonia during hospitalization. Pneumonia was diagnosed 
in only 14 (26%) of the patients in this study, an incidence 

significantly from that of the comparison cohort (P< 

ACTOAL VERSOS PREDICTED MORTALITY 

Ten deaths occurred in this group of patients, an observed 
mortality of 18.5%. To determine whether high frequency percussive 
ventilation influenced outcome in this group of patients, we 
compared this observed mortality with two mortality predictions 
generated from patient data from this institution, as noted above. 
The first, based upon burn size and age related mortality in all 
patients admitted to this Institute between January 1980 and 
December 1986, predicts the deaths of 19 patients (35%) in the 
study population, with a 95% confidence interval of 13 to 25 
deaths. The second, based upon burn size and age related mortality 
in conjunction with the additive effects of inhalation injury and 
pneumonia and generated from patient data between January 1980 and 
December 1984, predicts 23 deaths (42.6%) with a 95% confidence 
interval of 17 to 28 deaths. Thus, mortality in this cohort of 
patients was significantly less than that predicted by either 
technique (P<.05). (Table 6) 

The causes of death in those patients who expired are listed 
in Table 7. Of the ten deaths, four were from pulmonary failure. 
One patient could not be ventilated and oxygenated, and was crossed 
over to conventional ventilatory support with the same result. 
Three patients developed progressive pulmonary failure and died on 
postburn day 12, 43, and 50 respectively. Of the remaining six 
patients, two were resuscitation failures who died with severe 
inhalation injury, one patient extubated himself on postburn day 7 
and died of cardiopulmonary arrest despite an emergency 
tracheostomy, and one patient was removed from the study by his 
attending surgeon. Two patients died from cerebrovascular accidents 
after they had been extubated for 30 and 45 days respectively. 

Ventilator complications were rare. Two patients developed 
severe necrotizing tracheobronchitis. It could not be ascertained 
whether this was secondary to the ventilator or the disease process 
itself. Barotrauma occurred in three patients. Two developed 
significant subcutaneous emphysema, and one patient developed 
bilateral pneumothoraces requiring tube thoracostomies. 

DISCUSSION 

The combination of cutaneous thermal injury and inhalation 
injury results in a significantly higher mortality rate than that 
attributable to cutaneous thermal injury alone. This additive 
effect of inhalation injury on mortality is most apparent in 
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patients in whom predicted mortality attributable to age and burn 
size ranges from 40 to 60%. Inhalation injury also results in a 
marked increase in the incidence of bacterial pneumonia. As 
previously stated, only 8.8% of patients with thermal injury but 
without inhalation injury develop pneumonia during their course of 
treatment. The presence of inhalation injury, whether diagnosed by 
bronchoscopy or Xenon scan, hcis historically resulted in a 38% 
incidence of pneumonia, and the combination of inhalation injury 
and pneumonia has an even more drastic effect on outcome, 
increasing mortality by as much as 60% (1). 

Ideally, the optimal treatment of any disease should reverse 
the pathophysiologic process without causing further injury. When 
inhalation injury is severe enough to require conventional 
mechanical ventilatory support, such an outcome is not achieved. 
The pathophysiologic response to inhalation injury includes 
extensive tracheobronchial injury which results in sloughing of the 
mucosal lining of the respiratory tract and leads to obstruction of 
small and moderate sized airways. In addition, the mucociliary 
transport mechanism is impaired, resulting in impaired clearance of 
secretions and the sloughed debris. Distal airway obstruction 
results in atelectasis, and in conjunction with the disruption of 
the endothelial and epithelial integrity of the alveolus, produces 
foci fcr the development of bacterial overgrowth and subsequent 
pneumonia. The combination of atelectasis, pneumonia, and airway 
obstruction produces significant derangement of ventilation- 
perfusion relationships. 

Conventional mechanical ventilatory support does not reverse 
these processes, is not characterized by improved clearance of 
secretions, and may actually compound the existing injury (15) 
Conventional volume-limited ventilation in patients with inhalation 

^ normally instituted at a tidal volume of 12 to 15 ml/kq. 
With such a ventilatory setting, peak inspiratory pressures are 
often elevated during the resuscitative and fluid mobilization 
phase of care. Recently, Tsuno has reported adverse pulmonary 
effects of volume limited mechanical ventilation when peak 
inspiratory pressures exceed 30 centimeters of water in paralyzed, 
a2eSyitntletlZfd healthy sheep (16) . Animals ventilated with an FIO, 
of 40% and a tidal volume of 10 ml/kg, with peak inspiratory 
pressure less than 18 centimeters of water, showed no measurable 
deleterious changes in lung function or histopathology after 48 
hours of support. Animals ventilated with larger tidal volumes, 
resulting in peak inspiratory pressures greater than 30 cm H,0 
demonstrated progressive deterioration in static lung compliance, 
functionau residual capacity, and arterial blood gases. Severe 
pulmonary atelectasis, increased wet lung weight, and an increase 
in the minimum surface tension of saline lung lavage fluid were 
noted at autopsy. These data indicate that even in normal healthy 
lungs, prolonged elevation of inspiratory pressures may result in 
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Following resuscitation if pneumonia develops, the requirement 
for increased inspired oxygen concentrations to achieve normoxia 
may result in increased pulmonary damage when infection is present. 
Coalson, et al. have recently reported a synergistic effect of 
hyperoxia and infection resulting in significant pulmonary 
dysfunction and damage (17). In a primate model, the combination 
of 80% 02 and Pseudomonas pneumonia was as injurious as 1C0% oxygen 
over an 11 day period, while 80% 02 or pneumonia alone resulted in 
minimal dysfunction. 

The reported beneficial effects of high frequency ventilation 
(ventilator frequency greater than 60 breaths/minute and tidal 
volumes of less than anatomic dead space), include lower peak 
airway pressures than those generated by conventional ventilation, 
positive endotracheal pressure throughout the ventilatory cycle, 
increased FRC, and more efficient pulmonary gas distribution (18). 
Unfortunately, each of the advantages claimed for specific high 
frequency ventilators has been refuted in various reports (9- 
10,12). If, however, a form of high frequency ventilation could 
achieve some of these advantages, and maintain oxygenation and C02 
clearance at lower inspiratory pressures and fractional inspired 
concentrations of oxygen, it might be possible to provide 
ventilatory support and avoid the deleterious side effects of 
conventional support. 

In evaluating clinical reports of high frequency ventilation 
one must recognize that there are several types of high frequency 
ventilators, all with different characteristics and different 
potentially adverse effects. Moreover, one must differentiate 
between prophylactic use of the ventilator as in this study and 
therapeutic or salvage use of the high frequency device for 
patients in whom conventional mechanical ventilatory support has 
failed. Many reports have documented the effectiveness of short¬ 
term salvage use of high frequency ventilation in patients with 
ARDS (7-8). Our own previously reported experience demonstrated 
that the ventilator used in these studies could oxygenate and 
ventilate patients at lower airway pressures and inspired oxygen 
concentrations, but all the patients expired despite improved 
pulmonary performance (14). Other reports have also failed to 
identify a survival advantage with the use of high frequency 
ventilation as a salvage mode of ventilatory support. 

In this study, we employed high frequency percussive 
ventilation prophylactically in an attempt to avoid the adverse 
effects of mechanical ventilatory support while reversing or 
minimizing some of the pathophysiologic changes which occur 
following inhalation injury. Our data indicate that, as compared 
to a recent historical cohort, the use of high frequency percussive 
ventilation resulted in a significant decrease in the incidence of 
pneumonia, and a decrease in mentality. 
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There are several problems inherent to the use of historical 
controls. The development of more sensitive diagnostic techniques 
resulting in the diagnosis of less severe injury could favorably 
bias the results of recent studies but the diagnostic modalities 
and criteria have remained constant since 1976. It is generally 
accepted that over the past three decades, survival of all patients 
with thermal injury has improved. Even so, the effects of 
inhalation injury and pneumonia on outcome have remained refractory 
to standard treatment as indicated by the mortality predictor used 
at this Institute. Moreover, the predictors used in this study 
introduce some bias against finding an improvement in outcome in 
the current study population as compared to the populations upon 
which the predictors were based. The predictor which takes into 
account the effects of both burn size and age as well as pneumonia 
and inhalation injury on mortality was based upon all patients with 
inhalation injury admitted during the years 1980-1984 irrespective 
of whether they required mechanical ventilatory support. The 
present study population includes only the sickest patients with 
the most significant injuries, all requiring ventilatory support. 
Demonstration of a survival advantage in this group of patients 
compared to a group that included patients with less severe injury 
supports the hypothesis that high frequency percussive ventilation 
has a significant, beneficial effect. In short, it seems 
reasonable to assign a major portion of the decrease in incidence 
of pneumonia and improvement in outcome of the study patients to 
the ventilatory support employed. 

Only two other published studies in the literature have 
evaluated the prophylactic use of high frequency ventilation in 
patients requiring ventilatory support as prophylaxis against ARDS. 
In 1986, Carlen reported a study of 309 patients who were 
randomized to high frequency jet ventilation or conventional 
ventilatory support (18). All patients who were admitted to the 
intensive care unit and who were at risk for the development of 
pulmonary failure were entered into the study. The use of high 
frequency jet ventilation resulted in lower peak airway pressures, 
but did not decrease the 4% incidence of barotrauma or improve the 
overall outcome as compared to conventional support. In 1990, 
Hurst, et—al., reported a study of 113 patients at risk for thé 
development of Adult Respiratory Distress Syndrome who were 
randomized to receive ventilatory support with high frequency 
percussive ventilation or conventional mechanical ventilation prior 
to the onset of ARDS (19) . Changes in ventilator settings were 
made to achieve the same therapeutic endpoints in both groups of 
patients. There was no difference in the percentage of patients 
who developed ARDS in either group. In the patients who developed 
ARDS, high frequency ventilation achieved therapeutic endpoints at 
lower peak airway pressures, lower positive end expiratory 
pressures, and an increased inspiratory time as compared to the 
conventional group. There was, however, no difference in the 
incidence of barotrauma or outcome in those patients. Both of 
these studies involved heterogeneous patient populations, in which 
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the etiology of respiratory failure was diverse, usually a 
consequence of a systemic insult which résultée in diffuse 
parenchymal disease and dysfunction. This type of insult is quite 
distinct from that seen following smoke inhalation in both humans 
and animal models, in which edema resolves rapidly following 
resuscitation and repair of the airway mucosa typically occurs 
within 14—21 days. 

The exact mechanism by which high frequency percussive 
ventilation achieved the results reported in this study is not 
known. We hypothesize that the ability to maintain ventilation and 
oxygenation at lower peak airway pressures and inspired oxygen 
concentrations may decrease the iatrogenic injury which occurs with 
conventional mechanical ventilatory support. Extrapolation of the 
data reported by Tsuno to humans would indicate that ventilation at 
lower peak airway pressures offers significant advantage, 
especially in lungs which have already been injured. In addition, 
several studies now suggest that asymmetric high frequency breaths 
improve clearance of secretions, a result obtained with high 
frequency jet ventilators and high frequency oscillators, both in 
vitro and in vivo (13,20—22). Our clinical experience supports 
this finding. Patients with severe inhalation injury treated 
prophylactically with high frequency percussive ventilation are 
typically found, by bronchoscopie examination, to have large 
deposits of secretions at the tip of the endotracheal tube. After 
removal of these secretions, the main stem bronchi and distal 
airways are often patent and free of pathologic secretions. The 
documented improvement in survival and the decrease in the 
incidence of pneumonia in patients treated with prophylactic high 
frequency percussive ventilation, as compared to the recent 
historic cohort, indicate the importance of maintaining small 
airway patency in reducing the sequela of inhalation injury. The 
beneficial effects reported here, and the paucity of ventilator 
complications, support continued use and further evaluation of high 
frequency ventilation in patients with inhalation injury. 
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The objective of this study was to develop a device to 
quantify joint stiffness in burned hands. The study was planned in 
two phases. The first phase consisted of a pilot study using an 
experimental device to quantify finger joint stiffness. This study 
was completed and the results reported. Phase two of the project 
was to use a clinical version of the finger stiffness measurement 
device in a large series of burned hands. Technical problems in 
the development of the second finger stiffness measurement device 
have prevented the start of this phase of the project. Without the 
finger stiffness measurement device, the project cannot be 
completed. The project has, therefore, been terminated. 
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We studied the effects of granulocyte-macrophage colony- 
stimulating factor in burn patients. Serial measurements of gran¬ 
ulocyte oxidative function were obtained in treated patients and in 
a group of controls matched for age and total burn size. The 
administration of granulocyte-macrophage colony-stimulating factor 
resulted in a 50% increase in mean leukocyte counts. Both groups 
showed significant baseline increases in granulocytic cytosolic 
oxidative function. Treated patients showed normal stimulated 
cytosolic oxidative function, which was significantly depressed 
compared with that of untreated patients. Myeloperoxidase activity 
was increased in treated patients during the first postburn week 
but then declined to normal levels. Untreated patients had a 
significant increase in myeloperoxidase activity for the first 
three weeks following injury. Untreated patients exhibited a 
significant decrease in superoxide activity during the second three 
weeks following injury. Treated patients demonstrated normal 
superoxide activity. 

This study was completed 4 June 1990. No patients were 
entered into the study during this reporting period. 
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o2î^TÎm.rSTÜDY 0F HÜMAN recombinant granulocyte macrophage colony- 
stimulating FACTOR IN PATIENTS WITH THERMAL INJURY 

Improvëmënt3 in fluid management, wound care, and nutritional 
support have markedly reduced early mortality from thermal injury, 
but significant late mortality persists. Burn-induced defects of 
the immune system appear to contribute to late mortality, which is 
primarily due to infection and sepsis. 

Although the specific cause of the immune dysfunction follow- 
1/l:|ury 13 unknown, both qualitative and quantitative 

defects have been noted m all limbs of the immune system (1-13) 
Defective migration, phagocytosis, and degranulation have been 

dÜÜ?f^be<:i V aS manifestations of granulocyte dysfunction. In 
addition, burn serum contains an inhibitor of complement conversion 
that may cause opsonization failure that further inhibits 

func^on (14)- Such granulocyte dysfunction may 
contribute significantly to the marked predisposition to infection 

Granulocyte macrophage colony-stimulating factor (GM-CSF) is 
a lymphokine that was first described nearly 20 years ago Not 
only does GM-CSF stimulate the proliferative7 poten?ial of 
granulocyte and macrophage progenitor cells in the bone marrow, but 
it also stimulates various functional activities of mature cells. 
In the presence of GM-CSF, macrophages are stimulated to secrete 
plasminogen-activating factor (16) and also exhibit increased 
pht.gocytic and cytocidal activity for bacteria, yeast, (17) and 
malignant cell lines (18) . Granulocytes increase RNA and orotein 

\ exhi1b1it increased antibody-dependent cytotoxic 
killing of tumor cells and enhanced oxidative metabolism in the 

of f*-CSF in vitro (17,19-22). Recombinant GM-CSF 
stimulates mature neutrophils to augment cell surface antigenic 

asl1we11 33 increase their phagocytic activity, synthesis 
biologically active molecuJ«s, and expression of various cell 

surface markers (23) . 

t-ho 0in a1gro^p of patients with thermal injury, a comparison of 
the serum levels of hematopoiecic colony-stimulating factors (CSFs) 
as revealed distinct differences between survivors and non- 

fnfV1VOrS- i24!' • The nonsurviving patients demonstrated an 
inappropriate lag m the generation of CSF early in the course of 
burn injury and inappropriately low levels of the factor even in 

docui?enteci sepsis. This aberrant response was 
associated with a relative failure of granulopoiesis. Further 
studies have demonstrated that serum from patients with thermal 

cells7 (215)hlbltS the in Vltr° production of CSFs by mononuclear 

The multiple defects in granulocytic function and the de¬ 
creased levels of CSFs following lethal thermal injury suggest that 
a beneficial effect on granulocyte count and function might result 
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from the administration of CSFs. Our study was designed to 
determine the safety of the administration of human recombinant 
GM-CSF (hr-GM-CSF) in patients with thermal injury. 

PATIENTS AND METHODS 

Patient Population. Patients with burns over 20% to 70% of 
the total body surface area w^re eligible for enrollment in the 
study. Patients with inhalation injury diagnosed by xenon 133 lung 
scanning but with no bronchoscopie evidence of upper airway injury 
were also eligible for enrollment. Bronchoscopie evidence of 
inhalation injury resulted in exclusion from the study. All 
eligible patients were admitted within 48 hours of injury and 
underwent uneventful resuscitation. Routine care was not altered. 
In all patients, sulfadiazine silver was applied once daily. 
Patients treated with other lymphokines, prophylactic antibiotics, 
or corticosteroids were excluded from the study. Data from 
patients with thermal injury admitted during the same period but 
not enrolled in the study and a group of healthy laboratory 
controls were obtained for comparison with the treated patients. 

hr-GM-CSF. Nonglycosylated hr-GM-CSF was obtained from the 
bacterial fermentation of a strain of Escherichia coli bearing a 
genetically engineered plasmid containing the human GM-CSF gene. 
The product is a highly purified, sterile, stable, water-soluble 
protein with a molecular weight of 14 477 d. The GM-CSF was shown 
to be biologically active in the KG-1 cell proliferation assay and 
a colony-stimulating assay that employed bone marrow cells. 

Drug Administration. Patients were administered 3 or 10 |ig/kg 
daily of hr-GM-CSF intravenously during a 4-hour period. Treatment 
began within 5 days or injury and continued for a minimum of 2 
weeks or until a grade 3 or 4 toxic reaction developed. All 
potential adverse effects were recorded and graded on the following 
scale: 1, mild; 2, moaarate; 3, severe; and 4, life-threatening. 
Any patient who experianced a grade 3 or 4 toxic reaction that was 
deemed attributable to the hr-GM-CSF received no further treatment 
until the adverse reaction resolved. The patient was then re¬ 
treated at a dosage not more than 50% of the original. Recurrence 
of the same toxic reaction necessitated withdrawal from the study. 
In patients who exhibited a white blood cell count greater than 
50.0 X 109/L, subsequent doses of the lymphokine were withheld 
until the white blood cell count decreased to less than 30.0 x 
109/L. Administration was then resumed at a dose of 30% to 50% of 
the original dose. 

In Vitro Testing. Complete blood cell counts were obtained 
daily from each patient. In vitro granulocyte function tests were 
performed twice weekly during treatment and for up to 3 weeks 
following cessation of lymphokine administration. Granulocytes 
were isolated from heparinized whole blood by Ficoll-Hypaque 
gradients. Cells passing through the gradient were recovered from 
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the cell pellet. Contaminating red blood cells were remnvort h,, 
hypotonic iysis. The cell pellet from the Frcoll-Hypaque grldient 

spun VtUS22snñVn 5,0nmL.of Hanks' balanced salt solution9(HESS)! 
spun at 2250g for 10 minutes, and 3 mL of the buffv coat was 

íater^rmL^ta^add H 5H0"m-L COni.cal centrifuge tube. Distilled 
mixlï AfS sTn a oí1"9 a91tation of the sample on vortex 

* A^er seconds, 20 mL of hypertonic (2x) HBSS was added 
the cells were centrifuged at 200 g for 10 minutes and th4 
supernatant was removed. The cells were suspended in 2 mL of HBSS 
and transferred to a 15-mL conical centrifuge tube Â second lysfs 
was performed with the addition of 4 mL of distilled water foi 20 
seconds, after which 4 mL of 2x hypertonic HESS was added to 

of l x* ■ Thi cells were 3usPended at a concentration 
t"/ a-10u, ceys/inL in 1 mL of barbital buffer (pH 7.25) (26) 

2 '1 ”^chlorofluorescein diacetate (DCF-DA, at a final con- 

^“minutes at ^TYo’a n 3 each sa”Pls a"d incuSated ?Sr 
npp-n? 37 C to allow DCF“DA to enter the cells. Whereas 
DCF DA easily permeates the cells where the acetyl groups are 
hydrolyzed to 2', 7,-dichlorofluorescein (DCF), the DCF is too polar 

•^PaSS^thrOUgh the plasma membrane and is effectively trappeS 
fluorescent Vh Mhen by peroxide, Del bec^s M^y 
fluorescent and the measurement of this fluorescence serves as an 
index of cytosolic peroxidative activity. Cell fluo?e«ence was 
measured by flow cytometry. The mean fluoresc-nce of lo!000 cells 
was calculated for each data point. After an initial fluorescent 
measurement, cells were incubated for 20 minutes with and without 
phorbcl mynstate acetate (PMA, 700 ng/mL) as StimÎÏant 
Measurements were recorded as log fluorescence and were combed 
with values obtained from granulocytes from healthy volunteers. 

nprfrtîffit«°ÏK14.vtUdieS 0f 9ranulocyte oxidative metabolism were 
performed with the use of two chemilumigenic probes, luminol anri 

bínnrf1171 h^rÍdÍnÍUm dinitrate (DBA) (26) . Heparinized ¿hole 
blood was diluted 1:10 in HBSS (pH 7.2). A1 iauots n ..tT íS 
diiuted whole blood vere added to 2 mL of barbital buffer solution 

iasSth¿n°rdded to338 ^1313'! The £lPProPriate chemilumigenic probe 
a^ded to each sample, and three prestimulation backoround 

a Performed- All measurements were made at 25°S in 

PM^ iss'o n?^Xllat±0n COUnter set for Photon counting. saline? 
( 50 n/mL), or zyrosan (6.25 mg/L), preopsonified with ouinaa 

pig serum, was added to the vial, and luminescence was measu?ed at 
13-minute intervals for 2 hours. The total lumineilencrproduced 
in each sample was calculated from the light-intensity measurements 

cLre^^o the^r"ÍOn‘ The ValU6S obtaineS for^Sol correspond to the total oxygenation events produced orimarilv hv 
myeloperoxidase. The values obtained when DBA was used as Ypíobe 
corresponded to the total oxygenation events produced by ext?a- 
cellular superoxide anion and other oxidative species. 

St;tÍ8í1ÍC*1 Analysis. Differences between groups were 
analyzed with use of the t test and analysis of variance, with post 
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hoc testing, when appropriate, with use of the BMDP statistical 
package. 

RESULTS 

Patient Population. Ten patients with a mean age of 28.6 
years and a mean burn size of 37% were enrolled in the study. 
Individual patient data, including the dose of hr-GM-CSF, and the 
duration of treatment, are outlined in Table 1. Two patients, both 
with inhalation injury, died, for a mortality rate of 20%. 
Fourteen patients with thermal injury with a mean age of 30.5 years 
and mean burn size of 36%, admitted during the same period, were 
used as nonrandomized controls for comparison of oxidative 
metabolism data. There was no statistical difference between the 
two groups of patients with respect to age, burn size, and 
mortality rate, although a greater proportion of untreated patients 
had inhalation injury (Table 2). Grades 1 and 2 adverse effects 
were common. Seven patients complained of pruritus, four exhibited 
pyrexia during administration of hr-GM-CSF, two complained of back 
pain, and one experienced pleuritic chest pain. Acute parotitis 
and a subcutaneous abscess occurred in one patient, each requiring 
incision and drainage. 

Blood Count Data. Patients receiving GM-CSF demonstrated a 
significant increase in total white blood cell count during the 
second postburn week compared with the first, third, fourth, fifth, 
sixth, and seventh postburn weeks (Fig 1) . One patient, who re¬ 
ceived 10 ^ig/kg of GM-CSF, had a white blood cell count greater 
than 50.0 x 109/L during the second postburn week. Lymphokine 
administration was discontinued for 2 days, during which time the 
white blood cell count decreased to 26.0 x 109/L, and treatment was 
then resumed at 3 Hg/kg per day. The majority of treated patients 
demonstrated a relative decrease in their white blood cell counts 
during the third postburn week despite continued administration of 
GM-CSF. Compared with the untreated burn patients, the patients 
receiving GM-CSF exhibited a significant elevation in their white 
blood cell counts only during the second postburn week. The 
percentage of granulocytes was not different between treated and 
untreated burn patients during the first 3 weeks. However, on 
cessation of GM-CSF administration, a significant decrease in the 
percentage of granulocytes was noted in the treated patients 
compared with the untreated burn patients (63.5% vs 80.9%) (Fig 2) . 
The percentage of polymorphonuclear cells was not different during 
treatment but decreased significantly during the fourth postburn 
week compared with untreated patients (43.3% vs 71.2%), accounting 
for the difference in the granulocyte percentages (Fig 2) . No 
statistically significant differences between treated and untreated 
patients were noted in the percentage of monocytes, lymphocytes, 
myelocytes, or band forms either during or after treatment, 
although patients receiving the cytokine tended to have an 
increased percentage of band forms and myelocytes during treatment. 
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TABLE 1 Patient Demographics 

Patient Age Sex %TBSB % FÜLL DOSE DAYS 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 

24 M 36 
45 M 39 
24 M 24 
27 M 20 
24 M 35 
35 F 23 
23 M 45 
22 M 54 
21 F 42 
41 M 52 

32 3 17 
5 3 17 

18 10 17 
17 10->3 12 
0 3 12 

23 3 H 
42 3 17 
44 3 5 
8 3 29 

10 3 2 

WaS st°PPed on aays 5 and 2 in patients 8 and 
10, respectively, because of worsening pulmonary status Rni-h 

findings haThebd0rmaÍ ?en0n 133 bone scans but normal bronoliosooplc 

reiaííi3^ the aS3t»nt^nPr0faactyorfUnCtÍOn WaS n0t 

TABLE 2 Comparison of Treated and Untreated Groups 

Treated Untreated 

Age 
% TBSB 
Inhalation Injury 
Mortality 

28.6 ± 2.7 
37.1 ± 3.8 
2/10 (20%) 
2/10 (20%) 

30.6 ± 3.0 
36.2 ± 3.0 
6/14 (43%) 
0/14 (0%) 

values are meantSD or number affected/total number—(¥T-Ño 
difference in age or percent total burn surface area was noted 

h?«hf6n-th^tW° Pati.ent groups, but the untreated patients had a 
higher incidence of inhalation injury. 

saoÄi?iChl0r05^U0r*8c*in Oxi<*ation. No significant difference in 
i-aseline unstimulated cytosolic oxidative activity was noted 

hierher11 t-hfl6 two Pati®nt groups, although both were significantly 
higher than values for unburned controls (Table 3) Patients 
receiving hr-GM-CSF exhibited a significant decrease' in maxima? 
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cytosolic oxidative activity compared with untreated burn patients 
(92./% vs 114.7% of control values; P<.01) during the 3 weeks of 
treatment. On cessation of cytokine administration, the peak 
cytosolic oxidative activity of treated patients increased slightly 
to 97% of that for controls whereas untreated patients remained 
elevated at 113% of control values (Table 4). 

TABLE 3. Cytosolic Peroxidase Activity for Postburn Days 0-21 

Treated 

Untreated 

PTUR PTSR 

0.249 ± .01 

0.243 ± .01 

0.929 ± .06 

1.150 ± .05 

Values are meantSD. PTUR indicates the ratio of the mean log 
fluorescence for unstimulated patients' cells to stimulated control 
subjects' cells (normal, 0.16) (both patient groups were 
significantly different from controls [P<.05]); PTSR, the ratio of 
the mean log fluorescence for stimulated patients' cells to control 
subjects' cells (normal, 1.0) (untreated patients were 
significantly different from treated patients and controls 
[P<. 05] ) . 

TABLE 4. Cytosolic Peroxidase Activity for Postburn Days 22-42 

PTUR PTSR 

Treated 

Untreated 

0.223 ± .02 

0.227 ± .01 

0.972 ± .05 

1.140 ± .04 

Values are mean±SD and are for the 3 weeks after cessation of 
factor administration. See Table 3 for explanation of PTUR and 
PTSR. The PTUR for both patient groups remained significantly 
elevated compared with controls (P<.05); PTSR for untreated 
patients remained significantly different from treated patients and 
controls (P<.05). 
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Chemiluminescence. During the first 7 days following iniury, 
both treated and untreated burn patients exhibited a significant 
increase in luminol chemiluminescence compared with healthv 

pmníí0lH' t-ThlS 14n.crease was independent of the type of stimulation 
OD?inïf?pHt0 actlvat® the granulocytes, as the response to 
opsomfied zymosan and PMA were essentially identical (Table 5) 

onqoni Z- rek' oxldation of luminol following stimulation by 
opsonified zymosan and PMA decreased to control values for the 

DÏrinadthï1?V SHbUt r™ained elevated for the untreated patients. 
^ th61 thlr? .week <the last week of therapy with 
GM CSF) luminol chemiluminescence remained unchanged in the 

Fatients and mcreased significantly in the treated 
patients in response to PMA but not opsonified zymosan 
administration After 21 days, luminol chemiluminescence began to 

in tr^pHnn^rette^ patients but remained significantly elevated 
in treated patients in response to PMA administration. 

TABLE 5. Chemiluminescence Data 

Control 
Untreated 
Treated 

LOZ 

2344 ± 179 
4060 ± 686 
6355 ± 3047 (a) 

LPMA DPMA 

PBD 0-7 

2482 ± 158 
6635 ± 784 
7523 ± 4513(a) 

n 

14371 ± 944 137 
11076 ± 1803 14 
10932 ± 4956 11 

Control 
Untreated 
Treated 

2344 ± 179 
4298 ± 912(a) 
2302 ± 750 

PBD 8-14 

2482 ± 158 
5330 ± 763(a,b) 
2989 ± 861 

14371 ± 944 137 
12036 ± 1670 24 
14248 ± 4934 15 

Control 
Untreated 
Treated 

2344 ± 179 
4779 ± 987 (a) 
3649 ± 593 

PBD 15-21 

2482 ± 158 
4919 ± 678 (a) 
3943 ± 632 (C) 

14371 ± 944 137 
13110 ± 2170 22 
19812 ± 4904 14 

PBD >21 

Control 
Untreated 
Treated 

2344 ± 179 
3120 ± 319 
3217 ± 469 

2482 ± 158 
4009 ± 897 
5141 ± 1166(c) 

14371 ± 944 
8781 ± 961(a,b) 

16791 ± 2422 

137 
74 
44 

pma ‘ J? i jd,Zyn!OSan stimulated luminol chemiluminescence, LPMA: 
stim^-atfd luminol chemiluminescence, and DPMA: PMA stimulated 

(a) : significant difference when compared to 
nni1 SJ?b^ect®. <p<-01)/ (b) : Significant difference when compared 

to untreated patients (PC.Ol), and (c) : Significant dif ferencewhen 
compared to controls (P<.05). en 
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FIGURE 1. White blood cell counts (thousands) are graphically 
displayed for the first 7 postburn weeks for the treated and 
untreated patients. The only significant difference was during the 
2nd postburn week (P<.05). 

FIGURE 2. The percent of granulocytes for both groups of patients 
is displayed for the first 7 postburn weeks. No differences were 
evident except during postburn week 4 when treated patients had 
significantly fewer granulocytes than the untreated patients. The 
percentage of lymphocytes increased in the treated patients but the 
difference between groups was not significant. 
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The oxidation of DBA, an indicator of extracellular superoxide 
production, normally declines as time after injury progresses In 

wïiSfl7*°U£^5»,UntreilteCî bUrn Patients' the mean luminescence value 
was 87% of the control patients' mean value during the first 3 

the control value <P<.01) during the second 3-week 
Joll5,win9 injury (Table 5). Patients treated with GM-CSF 

failed to show a decrement in oxidation of DBA, with luminescence 
values similar to those for controls during the first 2 week* 
following injury and 137% of those for controls during the third 
and final week of treatment. The DBA chemiluminescence remained 

tration^f^M 11?% °f COntro1 values when a^s- tration of GM—CSF was discontinued. 

COMMENT. Adequate numbers of properly functionina 

oatieit^ rf%may be -0ne °-f the mOSt imPortant factors in a 
patient s defense against infection. Thermal injury induces a 

Peterson0et in 9ranulocyte production and function. 
Peterson |t al. (27) have reported decreased numbers of circulating 

9Üanv!l0Cyte4-ttem cells in nonsurviving patients with large burns5 
which was thought to reflect a reduction of the bone marrow 
progenitor cell pool. This decrease in circulating colony-forming 
units was associated with a higher incidence of fatal septicemia? 
Defects in Chemotaxis, random migration, phagocytosis, bactericidal 

ha?eCall,hfoPei0Xld®KPHr0dKCti0n' and in vitr° oxy9en consumption 
i-hi1 b described, but a relationship between these defects 

and the propensity for infection has not been shown. 

T CSF is a cytokine produced by activated 
f?rOIîo??eS as wel1 as by certain fibroblasts and 

progenitor-1 28 h' ^ 13 a potent stimulus of bone marrow 
progenitor cell production of neutrophils, monocytes, and 
eosinophils. Significant increases in numbers of circulating 

hum^°ty^S baVe been documented in both healthy primates and 
OC O5%fv11 °^g. Parenteral administration of GM-CSF (17,21,24- 

Clin;!-cal trials in patients with leukopenia secondary 
to aplastic anemia, (32) acquired immunodeficiency syndrome, (33) 
chronic idiopathic neutropenia, (34) and chemotherapy-induced 
neutropenia (35-37) have all shown the ability of GM-CSF to 
increase circulating levels of mature granulocytes. Parenteral 
administration of GM-CSF to our cohort of patients with thermal 
injuries resulted in a similar response. After a lag time of 
approximately 1 week, white blood cell counts increased 
significantly compared with untreated burn patients. After 
cessation of GM-CSF administration, counts quickly decreased to 
expected normal levels. Eosinophilia, commonly seen in primate 
studies following the parenteral administration of GM-CSF, was not 
observed in our treated patients. 

fron, vit,r0 ®ffecb of GM~CSF °n "hite blood cells isolated 
h®^lthy voiunteers has been well documented. Although GM-CSF 

has little effect on white blood cell function alone, it appears to 
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"prime" the cell for increased oxidative function when activated in 
vitro by physiologic chemoattractants, such as PMA, FMLP (F 
Met-Leu-Phe) , C5a, leukotriene B4, and opsonified zymosan (38) . 
Chemotaxis, cytotoxic and phagocytic activity, superoxide 
production, and degranulation are all increased by prior incubation 
with GM-C SF (39). 

Few data exist concerning the effect of parenteral GM-CSF on 
various white blood cell functions in patients with documented 
functional defects. Defects in granulocyte phagocytosis and 
bactericidal capacity in two patients with acquired immuno¬ 
deficiency syndrome were resolved with the parenteral adminis¬ 
tration of GM-CSF (38) . Reductions in phagocytic capacity, 
nitroblue tétrazolium reduction, and migration were restored to 
normal by the administration of GM-CSF in one patient with chronic 
idiopathic neutropenia (35). 

The parenteral administration of GM-CSF to our group of 
patients with thermal injury did not affect the baseline (non- 
stimulated) increase in in vitro cytosolic oxidative activity 
previously described (40) . When the oxidation of DCF is expressed 
as a percentage of the mean fluorescence of stimulated white blood 
cells from healthy control subjects, unstimulated cells from 
healthy controls demonstrate approximately 16% activity. Both the 
treated and untreated burn patients' cells had significantly higher 
baseline activity compared with normal controls (24.9% and 24.3%, 
respectively). This increase in unstimulated oxidative capacity 
persisted even after discontinuation of the GM-CSF. Patients 
receiving GM-CSF had normal stimulated DCF oxidation values (92.9%) 
that were significantly lower than the 115% activity seen in white 
blood cells from untreated patients. Thus, it appears that GM-CSF 
decreases the capacity of granulocytes to oxidize DCF, presumably 
due to the lower production of intracellular hydrogen peroxide. 

Myeloperoxidase activity, as indexed by luminol chemilu¬ 
minescence following stimulation by opsonified zymosan and PMA, was 
markedly elevated in untreated patients for the first 3 weeks after 
injury. Treated patients showed a significant increase in luminol 
chemiluminescence during the first few days of treatment, which 
subsequently declined to normal control values during the second 
week of treatment. During the third week of treatment and on 
discontinuation of GM—CSF administration, opsonified zymosan- 
stimulated chemiluminescence remained normal. In contrast, PMA- 
stimulated luminol chemiluminescence rose to supranormal levels. 

The level of DBA chemiluminescence, which primarily indexes 
superoxide anion production, was significantly affected by the 
administration of GM-CSF. During the first 3 weeks after injury, 
granulocytes from untreated patients showed normal to slightly 
decreased PMA-stimulated chemiluminescence when DBA was used as a 
probe. During the subsequent 3 weeks, this defect was exaggerated. 
In patients receiving GM-CSF, DBA chemiluminescence was only 
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slightly depressed during the first postburn week, normal during 
the second postburn week, and supranormal during the third week of 
drug administration. After discontinuation of GM-CSF adminis¬ 
tration, DBA chemiluminescence remained normal and did not decrease 

ÍS»COvtr^ft that in the untreated patients. The maintenance of 
DBA chemiluminescence following cessation of GM-CSF administration 
indicates that the effect of the cytokine is not direct, because 
the half-life of circulating neutrophils is substantially less than 

The administration of parenteral GM-CSF to patients with 
thermal injury but without inhalation injury appears to be safe and 
resulted in the expected increase in circulating numbers of 
granulocytes. Whether this compound can be safely administered to 

inhalation injury cannot be answered from our study. 
Although both patients with inhalation injury who received GM-CSF 
died, deterioration in the patients' status was not temporally 
^ed to its administration. A more complex question concerns 
whether the effect of parenteral administration of GM-CSF on white 
blood cell function is beneficial. Restoration of superoxide 
production by stimulated cells has the potential for both 
beneficial and adverse effects. An increase in extracellular 
Superoxide may lead to an increase in capillary permeability due to 
endothelial injury from adherent white blood cells. The reduction 
in myeloperoxidase activity might also be viewed as detrimental to 
the patient, as this enzyme plays an important role in the 
bactericidal capabilities of the phagocyte. The effect of these 
changes on morbidity and mortality cannot be determined from our 
nonrandomized trial of GM-CSF administration in patients with 
limited thermal injury. Our results caution against the 
extrapolation of data obtained through the in vitro incubation of 
normal cells with GM-CSF. Future studies concerning the effect of 
parenteral administration of GM-CSF on white blood cell function in 
healthy subjects as well as its effect on pulmonary function in 
lung injury in animal models will be important to define the in 
vivo effects and the potential beneficial or detrimental effects 
when administered to injured patients. 

• used in this study was kindly supplied through 
a joint effort between Schering-Plough Corp and Sandoz Corp. 
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ABSTRACT 

PROJECT NUMBER: 3M162787A874-00, APPLIED RESEARCH AND 
EXPLORATORY DEVELOPMENT 

PROJECT TITLE: Evaluation of In Vitro Cultivated Kératinocytes as 
Epithelial Autografts for the Closure of Burn 
Wounds 

INSTITUTION: US Army Institute of Surgical Research, Fort Sam 
Houston, San Antonio, Texas 78234-5012 
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INVESTIGATORS: Loring W. Rue, III, MD, Major, MC 
William G. Cioffi, Jr., MD, Major, MC 
Dennis M. Driscoll, Captain, AN 

Burns cause more than 2 million injuries annually in the 
United States. More than 10,000 deaths each year are a result of 
serious burn injury. The ultimate outcome of burn patients is 
determined by wound coverage. Until recently, the only means by 
which to achieve permanent closure of burn wounds was to use 
autologous split-thickness skin grafts harvested under general 
anesthesia from the patient's uninjured body surfaces. This 
technique presents treatment limitations due to the limited 
availability of donor sites. Recent ability to culture autologous 
epidermal cells in vitro with subsequent placement on excised wound 
beds has been recognized as a potential solution to the disparity 
between available donor sites and burn wound in patients with 
extensive burn injuries. The objective of this study is to 
determine the suitability of cultured autologous epithelium for the 
closure of burn wounds as compared to similar wounds covered with 
fresh autograft. Investigation will also be undertaken to 
determine a more efficient means of applying the cultured 
epithelium to wound beds and to reduce graft loss due to bacterial 
colonization of the recipient bed. 
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«VALUATION OF IN VITRO CULTIVATED KERATINOCYTES AS EPITHELIAL 
AUTOGRAFTS FOR THE CLOSURE OF BURN WOUNDS 

INTRODUCTION 

The ultimate goal in burn wound care is to achieve timely, 
permanent closure of the open wound. Currently, the only adequate 
permanent coverage is autograft, since all other biological 
membranes are temporary wound covers and wounds covered with 
artificial skin substitutes ultimately require autografting. 
Often, the surface area and depth of burn are so extensive the 
patient's available donor sites are insufficient to provide 
adequate wound coverage. Consequently, a new source of autograft 
would be most desirable. 

Human kératinocytes can now be cultured in vitro to produce 
confluent epithelial sheets (1). These cells can be grown from 
relatively small initial samples of the patients' unburned skin, 
and can be expanded over a period of weeks to months to a size 
sufficient to cover the entire body surface area. The use of 
cultured autologous epithelium in burn patients has been reported 
by several institutions, and is becoming a more well recognized 
therapeutic modality for the extensively burned patient (2-5). Due 
to poor results with the use of cultured kératinocytes provided 
from the original source (refer to Annual Report FY 89), a 
subsequent addendum to this protocol was introduced to obtain 
cultured kératinocytes from BioSurface Technology, Inc., of 
Cambridge, Massachusetts. As well, the number of patients to be 
entered in the protocol was increased from 10 to 30 patients. This 
study has been implemented to evaluate the quality of autologous 
cultured kératinocytes in the closure of burn wounds as compared to 
the gold standard of autografting. As well, methods to optimize 
the wound take and preoperative wound bed are being investigated. 

MATERIALS AND METHODS 

A total of 30 patients will be enrolled into the study after 
properly signed and witnessed volunteer agreement affidavits have 
been obtained. All patients hospitalized for burn injury with burn 
sizes between 40 to 80% of the total body surface area will be 
considered for inclusion into the protocol. Within 48 hours of 
admission to this Institute, two full—thickness skin biopsies from 
unburned areas will be obtained under local anesthesia after 
alcohol skin preparations. These will be approximately 2 to 5 
square centimeters in size. The biopsies are then placed in a 
transport medium and transported to the tissue culture facilities 
at BioSurface Technology via Overnight Express Mail for their 
standard processing. Approximately three weeks following burn 
injury and submission of the biopsy, the patient will be returned 
to the operating room for excision of the proposed site of 
application of the available cultured kératinocytes. The wound bed 
will be selected for excision, following which the cultured 
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epithelial autograft will be applied according to standard 
®P®^^ting procedure. Surgical staples will be used to affix the 
grafts, approximately 25 square centimeters in size, to the wound 
bed. Both the excised wound bed and the placement of the grafts 
will be recorded photographically. Protective dressings will then 
be applied and wet down intermittently with quadruple antibiotic 
solutions of bacitracin, neomycin, polymyxin and vancomycin as 
prophylactic treatment against bacterial colonization. The 
dressings will then be changed on an every other day basis or as 
clinically indicated beginning on postoperative day three. On 
postoperative day 10 the vaseline gauze backings of the cultured 
kératinocytes will be removed, and initial take will be photo¬ 
graphically documented. The patients will be left immobile for the 
initial 14 days postoperatively, and protective dressings applied 
on the engrafted areas. Antibiotic solutions will be discontinued 
at about postoperative day 21 and again photographic documentation 
of percentage of engraftment will be obtained. At the time of 
discharge a final photographic record of the cultured epithelial 
autograft take will be made. The fresh split-thickness autograft 
used in comparison will be treated in a standard fashion per this 
Institute, will be inspected on approximately postoperative day 
number five, and intermittently as clinically indicated. A topical 
antimicrobial agent of 0.5% sulfamylon solution will be applied to 
the graft sites, and intermittent wet downs continued until 
interstitial closure is achieved. 

RESULTS 

A total of 11 patients have been entered into the protocol, 
with 14 applications of cultured epithelial autografts. The mean 
age of the entered patients was 28.2 years with a range of 18 to 48 
years, and the mean total body surface area burned was 64.2%, with 
a range of 40 to 80% of the body surface area burned. Five of the 
11 patients underwent primarily fascial wound excision, whereas six 
of the 11 patients underwent predominantly a dermal excision of 
their burn wound. 

Table 1 summarizes the data with respect to cultured autograft 
engraftment. Overall, average take of the 14 applications was 56%. 
Of the six patients who underwent an excision to predominantly a 
dermal level, the percentage of engraftment was a mean of 62%, with 
a range of 0 to 85%. With the exception of one patient who had no 
take of the cultured epithelial autografts, the majority of patient 
engraftment was between 50 to 85% of applied kératinocytes. Of the 
five patients who underwent a predominantly fascial bed excision, 
the mean engraftment was 50%, with a range of 0 to 80%. One 
patient, initially noted to have approximately 60% engraftment, 
ultimately had 20% of the cultured cells remaining as a consequence 
of an Aspergillus wound bed infection. Another patient had a total 
of four applications of cultured kératinocytes on a predominantly 
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TABLE 1 

PREDOMINANT % ULTIMATE 
APPLICATION PATIENT AGE % BURN WOUND BED ENGRAFTMENT 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11-14 

TD 
GL 
JR 
DK 
RM 
SK 
JG 
LV 
AG 
LT 
DP 

25 
23 
26 
46 
18 
23 
48 
19 
29 
35 
18 

58% 
76% 
48% 
61% 
64% 
42% 
51% 
77% 
77% 
80% 
75% 

Dermis 
Fascia 
Fascia 
Dermis 
Dermis 
Dermis 
Fascia 
Dermis 
Dermis 
Fascia 
Fascia 

70% 
80% 
70% 
50% 
85% 
85% 
80% 
0% 

80% 
20% 
0%,0%,0%,0% 

fascial wound bed, and each application resulted in no engraftment. 
When the data were analyzed with respect to burn size, patients 
with wounds grater than 70% TBSA had a mean engraftment of 36%, 
those with burn sizes of 50-69% TBSA had a mean take of 71%, and 
those with burns involving less than 50% TBSA had a mean 
engraftment of 78%. 

DISCUSSION 

Though barely one-third of the total number of patients have 
been entered into this protocol in 1990, the results are somewhat 
encouraging. With the exception of two patients who ultimately had 
no engraftment of the cultured epithelial cells, and the patient 
who ultimately had only a 20% take due to fungal infection, the 
vast majority of patients for whom this treatment modality was 
employed had at least 50% engraftment of the cultured kératino¬ 
cytes. Unfortunately, the patients with larger burn sizes, those 
in whom the surgery would have its greatest impact, tended to have 
lower percentages of engraftment. It remains to be seen, however, 
as to the durability of these epithelial autografts. 

Consideration is currently being given to amending the 
protocol to evaluate the maturation and differentiation of the 
applied epidermal cells with respect to the formation of basement 
membranes and anchoring fibrils by employing histologic biopsies of 
the sites of engraftment. Also, investigation as to the cause of 
delayed graft loss would be pursued, again using histologic 
biopsies and evaluating for the possibility of auto-antibody 
formation to the applied cultured epithelial autografts. 

PRESENTATIONS/PUBLICATIONS 

None 
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amiability of skin graft donor sites is a limitation in 
?LftnitlVVUrn wound closure. Methods to hasten donor site 
effect9nn conse<*u®ntiy burn wound closure will have a positive 

^ 4-the C^re °f thermally injured patients. The goal of this 

3kinyarSaft° donoreffiCaCy °f Eurothane in the treatment 
skm graft donor sites in comparison with fine mesh aauze 
standard method of treatment at this Institute 
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A CLINICAL STUDY OF THE EFFICACY OF A POLYETHERURETHANE MEMBRANE 
DRESSING (EUROTHANE) IN THE TREATMENT OF SKIN GRAFT DONOR SITES 

INTRODUCTION 

Eurothane is a polyetherurethane dressing assembled with 
membrane structural properties. The dressing is elastic, and 0.5 
millimeters thick. It has open pores at the contact surface of the 
wound, and an ultraporous outer surface which promotes gas and 
water vapor transmission. The dressing adhesive is impregnated 
such that 65% of the dressing surface area is available for exudate 
absorption. 

Eurothane's self-adhesive membrane properties provide for 
thermal insulation and create an environment for optimal wound 
healing by controlling the exudate uptake and moisture vapor 
transmission. Maximum exudate absorption is four times the 
original weight of the dressing. Water removal from the wound is 
achieved by absorption into the open pores of the dressing, 
followed by moisture vapor transmission at the surface. The outer 
surface composition of the dressing appears to prevent ingress of 
bacteria. 

The current method of treating skin graft donor sites at this 
Institute is the application of fine mesh gauze and postoperative 
heat lamps to facilitate drying. This study is designed to compare 
the synthetic material polyetherurethane to fine mesh gauze with 
respect to rate of wound healing and wound complications. 

METHODS AND MATERIALS 

This study will utilize 42 consecutive patients with burn 
injuries of less than 70% of the total body surface area undergoing 
an initial split-thickness skin graft harvest from an anterior 
thigh. One surgeon will harvest the skin grafts utilizing the same 
dermatome at the same thickness - 0.01 inches. One-half of the 
donor site will be treated with the Eurothane after obtaining 
hemostasis with warm saline laparotomy pads. The dressing will 
extend at least one centimeter beyond the wound margin for optimal 
adherence. The other half of the donor site will be covered with 
fine mesh gauze and hemostasis then achieved with warm saline 
laparotomy pads. The fine mesh gauze will be applied to the wound 
edges without overlap. 

The Eurothane treated donor site areas will be inspected after 
removal of the dressing on the seventh postoperative day, or at the 
time of spontaneous separation of the dressing. If the wound is 
completely re-epithelialized, it will be exposed to air. If 
spontaneous separation occurs prior to the seventh postoperative 
day, and provided no contraindications exist, additional Eurothane 
will be applied. 
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Photographs will be taken immediately after graft harvest 
?h«eí- remOVaK °f the Eurothane/ and at the time of9separation of 

me?h 9auze as a comparison. Donor sites will be examined 
daily for signs of infection or adverse reaction to the dressina 
Donor sites from which the dressing prematurely separates will be 
examined for signs of infection or tissue reaction. Adverse 
reactions and premature separation of the dressing will be 

si£««ded-Vh A reco.rd be maintained comparing the two donor 
whirS'r-ot h resPeCt time of re_ePithelialization and the time at 
which reharvestmg of the donor site is felt to be possible. 

_ _ Patients eligible for the study will be at least 18 years of 
age, and any female patients must have been surgically sterilized 

oeriod^for^ï3?1 (?Ver 45 yearS °f age and the lackyof menstrual 
nriir to • ^ ^ ' °r hav® a negative pregnancy test 
prior to initiation into the study. Patient burn size will be 
confined to those less than 70% of the total body surface area. 

RESULTS 

«.oai total °f "ine patients were entered into this study during 
f¿to?iLyoear 199(V Table 1 indicates the postoperative date of 
«hioíh «ne. °f fine mesh gauze separation, and the time at 
which each donor site was felt to be reharvestable. Only one 
£aïîenb had Problems with premature separation of the Eurothane 
oî^oo^911? This wound site required the application 
of topical Silvadene cream to achieve wound healing. 

beneathVethP ^n^w3 ^ ser°sanguinous fluid collections 
infectio^was noted dressing. No evidence of associated 

TABLE 1 

EUROTHANE 
PATIENT# REMOVED REHARVESTABLE POD 

FINE MESH GAUZE 
SEPARATED REHARVESTABLE 

17 IQ 
2 7 18 
3 8 14 
4 9 10 
59 10 
6 9 9 
7 9 16 
8 4 8 
9 9 11 
Mean 7.8 11.7 

12 
16 
11 
11 
11 
11 
14 
8 

_8 
11.3 

12 
16 
11 
11 
11 
11 
16 
8 

10 
11.7 
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DISCUSSION 

Because of the very early phase of this study, it is difficult 
to come to any conclusions with respect to the efficacy of this 
dressing. Following entry of the total number of patients, data 
analysis will be performed using a paired T-test. Each patient, 
therefore, will serve as his or her own control. 

PRESENTATIONS/PUBLICATIONS 

None. 

REFERENCES 

None. 
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ABSTRACT 
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Burn patients have a significant infection diathesis due in 
part to the loss of the normal epithelial skin barrier and to 
postburn immunosuppression. Burn patient wounds are therefore 
frequently contaminated with various microorganisms. Control of 
such contamination is attempted through the use of topical 
antimicrobial agents. Despite the attempts with topical wound 
care, invasive burn wound infection nonetheless occurs in a 
significant percentage of patients with major thermal injuries. 
Currently, the clinical indications of a developing infection are 
derived from observation of the patient's wounds and a review of 
the patient's vital signs. When such evidence indicates that a 
burn wound invasive infection may be developing, appropriate burn 
wound biopsies are obtained and sent for histopathological 
sectioning to check for the presence of invasive infection. Blood 
cultures are also obtained. There are currently no reliable blood 
tests for indicating the early development of burn wound 
infections. The development of positive blood cultures indicates 
that the infection has progressed to a very significant degree and 
is life-threatening to the patient. It would, therefore, be 
desirable to have a blood test available which would indicate early 
burn wound invasion before the patient has become critically and 
possibly irreversibly septic. 

TNF levels are now measurable through the use of an ELISA kit. 
These assays determine the level of the TNF protein in the serum of 
patients. Elevations in the serum level of TNF can be expected in 
patients who are experiencing significant systemic endotoxemia, as 
would result from a developing infection. The exact levels of TNF 
expected in burn patients and burned septic patients has not as yet 
been determined. Therefore, the objective of this study is to 

129 



levels*with thefi ní" , patients and to correlate these 
clinical course. An attempt will be made to 

determine if changes in TNF levels are indicative of impending 
tîfatmant ^ whether they can be used to monitor successful 
treatment of an infective process. 
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INVESTIGATION OF THE IMPORTANCE OF ALTERATIONS 
IN TUMOR NECROSIS FACTOR (TNF) IN BURN PATIENTS 

Infection remains a primary cause of morbidity and mortality 
in severely burned patients (1). This infection diathesis is due 
in part to the immunosuppression seen following major thermal 
injuries. The exact etiology of the postburn immunosuppression is 
as yet undetermined. Investigators are therefore studying multiple 
components of the immune system in order to delineate the immuno¬ 
suppression and determine which patients are at greater risk of 
developing infections. 

One component of the immune system which has not been greatly 
investigated in burn patients is the production of TNF. TNF is 
produced by monocytes/macrophages in response to exposure to 
endotoxin (2) . TNF was initially demonstrated to cause sign¬ 
ificant tumor regression in animal models and to enhance resistance 
to bacterial infections (3). TNF can also alter thermoregulation 
and produce multiphasic febrile responses (4). TNF results in an 
elevation of plasma hematocrit levels due to loss of intravascular 
fluid into the third space (2) . TNF affects metabolism in a manner 
similar to sepsis as reflected by simultaneous decrease in plasma 
glucose levels and increase in plasma lactate levels and 
stimulation of hepatic acute-phase protein synthesis (5,6). 
Chronic elevation of TNF results in cachexia and muscle wasting 
(7). TNF also exerts predominantly stimulatory effects on WBCs. 
At extremely high concentrations, it can induce fatal hemodynamic 
instability (6). 

Despite these findings in animal models, very little investi¬ 
gation has been performed in human burn patients. Therefore, this 
study will attempt to delineate the significance of TNF levels in 
burn patients, with special reference toward determining whether or 
not elevations in TNF levels predict impending sepsis or recovery 
from infections. 

MATERIALS AND METHODS 

Number of Patients. One hundred burn patients will be 
enrolled in this study based upon eligibility criteria and informed 
consent. 

Criteria for Admission. Patients admitted to the US Army 
Institute of Surgical Research are offered the opportunity to 
participate in this study. 

Patient Inclusion. Patients meeting the following 
criteria are considered eligible for entry into the study: 

1. Male or female patients > 18 yr old. 
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2. Patients admitted to the Institute within the first 
7 days postburn. 

area (the 
3. Patients with burns > 20% of the total body surface 
presence of an inhalation injury not being exclusionary). 

: , Patient Exclusion. Patients with the following 
tenstics are excluded from enrollment in the study: 

charac- 

1. Patients < 18 yr old. 

2. Patients admitted to the Institute > 7 days postburn. 

3. Patients with burns < 20% of the total body surface 

4. Patients with toxic epidermal necrolysis syndrome. 

Study Design. A 5-ml sample of whole blood is obtained on a 

edta6^^6^1^ Î??S1S* These samples are drawn in a tube containing 
EDTA as an anticoagulant (blue top tube) on Mondays and Thursdays 
at the time of routine blood drawings until the patient has < 5% of 

?i\£Ur£-Uni:OV?rfd With aut°9raft- The blood is immediately taken 
to the Eiochemrstry Branch for centrifugation. Serum is aspirated 
and stored at -70°C until the ELISA assay is performed P0n the 
sample The ELISA test will then be performed using a standard 
ELISA plate containing antibodies of TNF coded on the bottom of the 
pelKS>Í>f the plate (T~Cell Sciences, Inc., 840 Memorial Drive, 
Cambridge, MS 02139) . The assays will be performed by the 
Biochemistry Branch utilizing the ELISA machine currently in use. 
Patients are monitored prospectively on a daily basis for the 
development of infections as defined by Institute criteria and the 
clinical course will be correlated with the results of the TNF 

ÎÜ?ayS* ^ fesults wil1 be coded for identification purposes 
only and the key to the code will be available only to the 
principal investigator. Y 

of the Number of Subjects Required it is 
estimated that if the average burn size of these patients is > 30% 
of the total body surface area, they will be hospitalized £ 5 

rec*uirin9 ^ 1 days hospitalization per 
percent total body surface area burned. Therefore, each patient 
would have ^ 10 blood samples drawn for TNF assay. Thif would 
yield a total number of > 1,000 samples for the study. This number 
of assays should permit correlation of TNF levels with infection. 

Data Collection. Infection data will be collected 
Institute's monthly infection report. Additional data 
collected as indicated in Figures 1 and 2. 

from the 
will be 
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1. 
3. 

5. 

7. 

9. 

10. 
11. 

12. 

13. 

14. 

15. 

16. 

17. 

18. 

20. 

Patient Name: _ 2. 

Date of Birth: _ 4. 

Total Burn Size: _ 6. 

Inhalation Injury: _ 8. 

Preexisting Medical Conditions: 

Preburn Medications: 

Chart Number: _ 

Date of Burn: _ 

Total 3° Burn Size: 

Associated Injuries: 

Burn Wound Infections 

a. Dates of Documentation: 
b. Methods of Documentation: 
c. Organisms Involved: 
d. Treatments Instituted: 

Pneumonias 

a. Dates of Documentation: 
b. Methods of Documentation: 
c. Organisms Involved: 
d. Treatments Instituted: 

Urinary Tract Infections 

a. Dates of Documentation: 
b. Methods of Documentation: 
c. Organisms Involved: 
d. Treatments Instituted: 

Other Infections 

a. Dates of Documentation: 
b. Methods of Documentation: 
c. Organisms Involved: 
d. Treatments Instituted: 

Bacteremias 

a. Dates of Documentation: 
b. Methods of Documentation: 
c. Organisms Involved: 
d. Treatments Instituted: 

Operations 

a. Dates: 
b. Area Not Covered by Autograft After Each Operation: 

Other Significant Clinical Events: 

Patient Outcome: _ 19. Date of Discharge/Death: 

Autopsy Findings (if applicable): 

FIGURE 1. Data collection scheme. 
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Postburn 
Da\ TNF Level 

WBC 
Count .Existing Infechinn 

Maximum 
Temperature 

FIGURE 2. Data collection sheet. 
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Data Analysis Plan. Data will be analyzed comparing TNF 
levels in infected versus noninfected patients. This will include 
comparisons between noninfected and bacteremic patients plus non¬ 
infected patients and patients with infections of the burn wound, 
lung (pneumonia), or urinary tract. ANOVA will be utilized for 
these comparisons. Comparisons will also be made of serum TNF 
levels in patients during the week prior to the clinical diagnosis 
of infection to determine if elevations of TNF levels are pre¬ 
dictive of impending sepsis. Comparison of TNF levels to WBC 
counts will be made using linear regression to determine for any 
correlations. Levels of TNF will also be related to extent of 
burn, and time postburn as well as to extent of open wound. 

RESULTS 

Twenty-three patients were enrolled in the study during this 
reporting period. Serial plasma samples were drawn and are 
currently being stored at -70°C for later analysis by ELISA. 

DISCUSSION 

Upon completion of the enrollment of 100 patients, the data 
will be analyzed and presented for publication. 

PRESENTATIONS/PUBLICATIONS 

None. 
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ABSTRACT 

PROJECT NUMBER: 3M162787A874-00, APPLIED RESEARCH AND EXPLORATORY 
DEVELOPMENT 

PROJECT TITLE: A Comprehensive Analysis of the Perceived Needs of 
Families of Critically Injured Burned Patients 

INSTITUTION: US Army Institute of Surgical Research, Fort Sam 
Houston, San Antonio, Texas 78234-5012 

PERIOD COVERED IN THIS REPORT: 1 Oct 89 through 30 Sep 90 

INVESTIGATORS: Nancy C. Molter, RN, Colonel, AN 
Thomas M. Summers, RN, Lieutenant Colonel, AN 
Jane Leske, RN, MSN, PhD 

Hospitalization for a critical illness is frequently viewed as 
a crisis situation for both the patient and the family. Even 
though the importance of family support and assistance during 
critical illness has been recognized from as early as 1945, 
hospital care often has remained patient-centered only. When 
anxiety is reduced and healthy coping mechanisms are promoted to 
facilitate dealing with the crisis, the family is better able to 
provide the crucial support necessary for the patient to cope with 
severe illness or injury. 

Several studies have described the needs of families of 
critically ill patients as perceived by the family members. No 
studies have described such needs of families of critically injured 
burned patients. The objectives of this study are: 1) to describe 
the needs of family members of critically injured burn patients as 
they perceive them across a span of time; 2) to compare perceptions 
of needs by individual family members with those of nurses who 
interact with them in the burn unit; and 3) to describe the 
psychometric properties of the Critical Care Family Needs Inventory 
(CCFNI) when used with the burn unit population. 

An initial six months data collection pilot has been completed 
resulting in minor revisions of the protocol hypotheses and 
refinement of data collection methodology. Requests for 
participation for multisite data collection were sent to 154 burn 
units listed in the ABA directory. 

Results as of 30 September, 1990: 

Data collection for the pilot began on 19 March 1990. Twelve 
patients have been enrolled in the study at ISR with 32 family 
responses and 22 staff responses. Based on the data collected, the 
decision was made not to request information concerning who met the 
family needs. In addition, clarification as to the time frame of 
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when to administer the CCFNI to the staff was delineated in the 
protocol. All data collection tools were reviewed by an expert for 
ease of entry into a computer data base. Requests for 
participation in the study were sent to 154 burn units listed in 
the ABA directory. 
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A COMPREHENSIVE ANALYSIS OF THE PERCEIVED NEEDS OF FAMILIES OF 
CRITICALLY INJURED BURNED PATIENTS 

INTRODUCTION 

Purpose. The major objectives of the study are: 1) to describe 
the needs of family members of critically injured burned patients 
as they perceive them across a span of time; 2) to compare 
perceptions of needs by individual family members with those of 
nurses who interact with them in the burn unit; and 3) to describe 
the psychometric properties of the Critical Care Family Needs 
Inventory (CCFNI) when used with the burn unit population. 

Msdical Application. Hospitalization for a critical illness is 
frequently viewed as a crisis situation for both the patient and 

family. Even though the importance of family support and 
assistance during critical illness has been recognized from as 
early as 1945 (1), hospital care often has remained patient- 
centered only. The move away from patient—centered care to a 
family-centered care focus became more evident beginning in 1970 as 
the benefits were evaluated (2-9). When anxiety is reduced and 
healthy coping mechanisms are promoted to facilitate dealing with 
the crisis, the family is better able to provide the crucial 
support necessary for the patient to cope with severe illness or 
injury. 

As nurses became more involved with the families of their 
patients, the families frequently became a source of stress for the 
staff (10-13). There have been four main factors identified as a 
source of this staff stress: 1) the limited amount of time 
available for the nurse to deal with families; 2) the amount of 
stress in nurses from other sources; 3) the nurses' knowledge about 
psychological aspects of dealing with families in crisis; and 4) 
the role security of the nurse (13). As a result, staff responses 
to families during their brief periods of visiting often become 
routinized. Interventions such as orientation to the unit, 
providing information concerning treatment modalities, and visiting 
policies are often generalized based on staff perceptions only. 
Frequently, energy may be spent by the nurses in trying to cope 
with nonexistent family needs or needs already met by others. 

Becoming more aware of the importance of certain needs to 
families will assist nurses in developing strategies to assist 
families with stress. An essential component in this process is to 
determine the self-perceived needs of family members of burn 
patients and how they correlate with health care providers' 
perceptions. Any discrepancy can serve to explain why previous 
strategies may not have assisted families and, therefore, led to 
further frustration for both families and nurses. The knowledge 
gained may also serve to focus the staff's time and energy on the 
family needs that are most appropriate for them to manage. 
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Health care providers' role security related to family inter¬ 
ventions may then increase as they learn specific strategies to 
deal with a narrowed scope of needs. 

When the needs of families of burn injured patients are 
described, specific interventions need to be evaluated for 
effectiveness. Once the psychometric properties of the CCFNI are 
determined in the burn patient population, selected dimensions of 
the tool may be used more effectively to study relationships 
between specific interventions and observed outcomes. 

Status. Several exploratory descriptive studies have been done 
using the Critical Care Family Needs Inventory (CCFNI), or a 
variation of it, to identify family needs of critically ill 
patients. These studies have been conducted in different types of 
critical care units, with different types of patient diagnoses, and 
in different geographic locations. 

The original study (14) in which the CCFNI was developed was 
conducted by Molter in a variety of intensive care units (MICU, 
SICU, CCU, Thoracic ICU), and was based on crisis and human needs 
theories (15,16) . The importance of the family needs were measured 
within 48 hours after the patient had been transferred from the 
intensive care unit. Families were asked if their needs were met, 
and if so by whom. Of interest was the finding that many needs 
were met by support personnel other then nurses and physicians. 
Also noteworthy was that the family did not expect the role of 
health care providers to be family centered. 

Leske (17) replicated part of Molter's study (14) using a 
heterogeneous sample from different institutions. Using a self- 
report questionnaire format versus the interview format used by 
Molter, families were surveyed within the first 72 hours of the 
patient's admission to the intensive care unit. The top nine needs 
identified in Leske's study were among the top ten needs reported 
by Molter. 

Rodgers (18) used the CCFNI with families of cardiac surgical 
patients who had uneventful surgery. This was the first study in 
which the tool was used as a self-report questionnaire. The 
important needs identified were similar to those reported in other 
studies. 

In a study with families of SICU and MICU patients, Bouman 
(19) determined that family needs differed across a time span. At 
36 hours post admission the family needs were primarily cognitive 
in nature versus an emphasis on emotional needs at 96 hours post 
admission. The fact that needs appear to change over a time span 
becomes important in determining the timing of interventions. 
Bouman used the results to develop a comprehensive plan of care. 
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While investigating the needs of families using a modified 

n!^10n CCFNI' Daley (20) &lso evaluated cltegories of 
persons (health care providers, clergy, family members, friends, 

perceived as most likely to meet the needs. Like Molter, 
íltl a variety of resources used by family members to 
meet their needs. The Daley study was significant in that it was 

í1111® the needs. «ere placed into broad categories. 
Unfortunately, the categories were arbitrarily developed rather 
than psychometncally derived. ^ 

In a study that compared needs of brain injured patients 
wlthout brain injury, Mathis (21), using the CCFNI, 

ound differences and similarities in family needs among varying 
patient populations. Although the small sample size raises 
questions about statistical conclusion validity, determining if 
differences exist among varying patient populations is of interest 
to all specialties, including burn nursing. 

Bas?^ °n the premise that as stress decreased families could 
offer their support to patients, Spatt, et al. (22) surveyed 

families to determine which needs were perceived as being unmet 
The family members completed the CCFNI after the patient was in the 
intensive care unit at isast 48 hours. The most frequently cited 

amon« ?rdS wei:e dally COntact. with the physician and consistency 
staff<‘ ability to distinguish various types of 

Stîff 4.nîembers; and unclear explanations concerning 
^aQgü°sl? an5 condition. A patient information pamphlet 
was developed and tested to meet these needs. ^ P 

Norris a[Jd Grove. (23) used a variation of the CCFNI to compare 
needs reported by family members to those reported by critical care 
nurses. Findings indicated that there was a statistical difference 

Í6 PercePblons of of the two groups on four items. 
This study served to sensitize nurses to the importance of 

^4?SSt-hn9 f*16 1family,S PercePtion of needs. In a similar study, 
( ) the level of need satisfaction as perceived by 52 family 
members was compared to how accurately 92 nurses identified those 

re^at^ely hl9h and low family satisfaction. The nurses 
ïwi CC tte (sPearn!an s at -30) at identifying the level at which 

memb®rs perceived needs as being met. A limitation of the 
study was that there was no attempt to match the family's 
perceptions with those of a primary nurse for the patient/family 
unit. In addition, the importance of the needs to the family 
member was not evaluated. y 

. raVíJew °/ íh® lite^ature over the past 15 years related to 

..‘»ujy ’.eeds of burn patients, indicates that most studies/case 
r-porv¿ are concerned with informational needs, usually at the time 

¡IS 'Trr ,<25r28i- «troapective survey'of 68 family“e^ers 
ir?nr-d^ ®val.uat®. family needs related to receiving information 

th4- - in.x,tial vJ-3:Lt' The most important topics identified 
were the patient s condition, chance of recovery, and a description 
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of the injury. This study also identified aspects of the first 
visit that were disturbing to the family (i.e., the appearance of 
the patient and the environment in the unit) . Families also 
identified that the physician (91.1%) and the nurses (42.6%) were 
the primary personnel who should meet these needs. No studies were 
reported that used the CCFNI to identify a more comprehensive data 
base of family needs in the burn unit population. 

There is a comprehensive data base related to family needs in 
the critical care unit environment, however, very little research 
has been conducted describing the needs of burned patients' 
families. Due to the often devastating sequelae of burn injuries, 
plus the extended periods of hospitalization, it is postulated by 
the investigators that the family needs will be different in the 
burn family population than those in the general critical care 
population. Therefore, a comprehensive data base of family needs 
of burn victims is necessary to ensure appropriateness and 
effectiveness of interventions. 

Hypotheses. 

1. The needs of families change across a time span from 
72 hours post admission until six weeks post admission and/or 
transfer to the acute care ward. 

2. Family needs differ with respect to age, sex, 
relationship to the patient, perception of severity of injury, 
socioeconomic status, and self-reported importance of religion in 
their lives. 

3. Burn nurses have a different perception of importance 
of family needs than do family members of burn patients. 

4. The majority of needs perceived by family are being 
met. 

A significance level of p = 0.05 will be used to accept or 
reject the hypotheses. 

Sample. A convenience sample will be used of family members 
who meet the following criteria: 1) Age 18 years or older; 2) able 
to read English; 3) have a family relationship or are a significant 
other* to a burn patient admitted to a critical care burn unit. 
There is no limitation to the number of family members per patient 
who may enter the study to complete the CCFNI at the first time 
interval. However, one family member will be designated by the 
family present at the beginning of the study as the primary visitor 
for the patient during the hospitalization. (The primary visitor is 
not necessarily the legal next of kin, but rather the person the 
family feels will be able to visit the most consistently.) This 
individual will complete subsequent versions of the CCFNI across 
the appropriate time frames. A nurse caring for the patient will 
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be asked to complete a CCFNI within 48 hours of having contact with 
the primary visitor after he/she has completed a CCFNI. The 
nurses CCFNIs will reflect the nurses' perceptions of the needs of 
the primary visitor only. 

* Significant other" includes common law spouses, housemates, 
legal guardians, or a close friend designated by the patient if 
there is no family relative. y 

Plan. 

«oí- -ai Desi9n: This Will be a descriptive/comparative study 
COrpr€^ensive data base elated to the perceived 

QAn? of .fr:Ltlcally burned patients. A letter will be 
aliL bur” units in the United States currently listed in the 

y J-.nVlting Participation in the study. The primary 
benefit to participating units will be the analysis of their unit 
specific data that can be compared with the total study sample 
analysis. The unit specific analysis may also serve as baseline 
date for potential studies of specific interventions in their unit 

PaflCipat,lng. Wil1 be listed in any published results. 
Once the unit has obtained permission via their internal review 
process for research to conduct the study, data will be collected 

Period- The unit data collection coordinator will 
i *11 da^a ! form® and maintain the key to the data at the 

facility. Only coded forms will be forward to the US Army 
Institute of Surgical Research (USAISR) for analysis. The 
principa! investigetors at the USAISR will have the specific unit 
code key for participating units and each unit will receive their 
iüoï CO?® number, study instruments and specific data collection 
instructions on admission to the study. 

b. Description of Procedures/D&ta Collection: 

(1) After the family member has visited the patient at 
least once in the first 72 hours post admission to the critical 

^ verbal or mitten consent is obtained to 
perticipate, the unit data collection coordinator will have the 
family member complete tie following data tools and instruments: 

Family Member data form 

Critical Care Family Needs Inventory (CCFNI) 

(2) Any number of family members for a specific patient 
can participate in completing the first version of the CCFNI One 

visitor"f the family is desi9nated by the family as the primary 

.,. . Tbe family member designated as the primary visitor 
will be asked to complete the CCFNI again at two, four and six 
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weeks intervals as appropriate and at the time of patient transfer 
from the intensive care unit. The following chart summarizes the 
CCFNI template for administration: 

Administration code Time Period 

1 Within 72 hours of admission, after first visit 
2 Two weeks post admission 
3 Four weeks post admission 
4 Six weeks post admission 
5 Transfer from unit (does not include death) 

(4) The data coordinator identifies a nurse who has 
interacted with the primary visitor within 48 hours of their 
completing the CCFNI and asks that nurse to complete a staff CCFNI 
and Burn Unit Personnel Data Form. Nurses may participate more 
than once in the study with the same primary visitor or with 
different primary visitors for different patients. An individual 
nurse only completes one Burn Unit Personnel Data Form. 

(5) The coordinator will collect the data about the unit 
once using the Unit Demographic Data Form and data about the 
patient using the Patient Data Form. Using both the Patient and 
Family Member Data forms, a code key sheet will be completed for 
each patient. Only coded forms of data tools will be sent to 
USAI SR. 

(6) The primary investigators at ISR will maintain a code 
key sheet for the unit code numbers only. 

Data Analysis Plan. In order to pilot proper data collection 
techniques, six months data from the USAISR will be collected prior 
to soliciting participation from other burn units in the US. 
Descriptive and inferential statistical procedures will be used for 
analysis. Selected psychometric properties of the CCFNI will be 
determined based on data obtained within the first 72 hours post 
admission from all burn units participating. Jane Leske will be on 
contract to determine the psychometric properties. It is 
anticipated that 400-600 family members will be involved in the 
study as well as 250-500 health care personnel. 
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?SÏ5£L?I PîœVENTI0N 0F STRESS DICERS AND NOSOCOMIAL PNEUMONIA IN THERMALLY INJURED PATIENTS 

INTRODUCTION 

a™+öPri0i acioPtion of measures to neutralize gastric acid 

thprma??St^01-nte!.tinal- (GI) bleeding was a lethal complication in 
1.Ij]u^e.cl.Pat;î-ents- Mucosal ulcerations could be endo- 

Cví ^ 4. ^ in almost all seriously injured patients (1) 
v!^fenínprOI?^y3:ax;LS' ain|ed at maintaining gastric Ph above 4.5. has 
virtually eliminated this complication (2). 

1978' Atherton and White (3) proposed that the stomach 
might serve as a reservoir for bacteria that then colonize the 

acceited^L^3? 0J.mechanicallY ventilated patients. It is now 
thP K When the -pH °f the gastric contents rises above 4, 
the stomach becomes rapidly colonized with bacteria. Some authors 
have suggested that in patients with gram-negative nosocomial 
pneumonia, the bacteria appear to be of gastric origin. Since the 

ÍiaÍ !sC74?f-PUlm0ea^ of gastric contents may be as 
high as 74% in mechanically ventilated patients (4), a method of 
stress ulcer prophylaxis which does not allow bacteria! coloniza¬ 
tion of the stomach may be beneficial. seriai coloniza 

i-haf- reP°rted Prospective randomized trial documented 
^L3UCralfate WaS as eff®otive as antacids or H2 blockers in 
oípnmftnta9 str®ss"induced bleeding. The incidence of nosocomial 
pneumonia was lower in patients receiving sucralfate than those 
receiving antacids or H2 blockers (5). 

Sucralfate, a chemical complex of sucrose octasulfatp and 

,^droxkide' aeP«« tcT protect against stress ul«? 
bleeding through pepsin absorption, mucosal protein bindino and 
cytoprotection without significantly altering gastric pH (6)' Î? 

^Âe^aî^iv^Y.that SUCralfate may alS° have 

no? at ,1am„%flaW; TheP°Pulation of Patients9 studies was usuany 
D_. . . S19nrficant risk for the development of stress ulcers 
Ratients with significant thermal injury represent a population at 
significant risk for the development of stress ulcers £i?h 
preliminary work suggesting that sucralfate is adequate fir 
?! P0Pulations at less risk, the next logical step is 

j attempt its use in patients at higher risk. 

Therefore' the purpose of this study is twofold. First the 

bleedina ^11^1^V" ^prevention of stress ulcer-induced GI bleeding will be investigated. Second, the incidence of pneumonia 
patients randomized to receive either standard therapy with 
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antacids and blockers vs. those who receive sucralfate will be 
recorded. 

MATERIALS AND METHODS 

a. Design. Three hundred patients will be randomized to 
receive either standard prophylaxis or sucralfate. The gastric pH 
of all patients will be checked and recorded every hour. The 
incidence of 61 bleeding, pneumonia, and tracheobronchitis will be 
recorded for each patient. Any patient demonstrating clinically 
evident bleeding will undergo upper gastrointestinal endoscopy to 
verify the source of the bleeding. Sputum Gram stain and cultures 
and gastric aspirate cultures will be obtained every Monday, 
Wednesday, and Friday and as clinically directed. Isolates from 
each source will be typed and compared. The timing of colonization 
for each source will be recorded. Differences between treatment 
groups in the rate of occurrence of pneumonia and clinically 
evident GI bleeding will be evaluated, with the patients stratified 
for the presence of inhalation injury. 

b. Dascription of Procedures. Three hundred patients meeting 
entry criteria will be randomized to receive either standard 
prophylaxis or sucralfate. Standard anti-ulcer prophylaxis will 
consist of the administration of cimetidine and antacids. 
Cimetidine (300 mg) will be administered intravenously every 6 hrs. 
The dose of cimetidine will be adjusted depending upon the 
patient's renal function and gastric pH. Antacids will be 
administered as a 30-cc bolus via the nasogastric tube every 2 hrs. 
Any evidence of clinically significant upper GI bleeding will 
result in withdrawal of the patient from the study. Withdrawal 
from the study for any reason will result in the classification of 
the patient as a treatment failure. Gastric pH will be checked 
every hour and if the pH is <4.5, the dose of antacids will be 
doubled and administered on an hourly basis until the pH is >4*5. 
Sucralfate (1 g suspended in 20 cc water) will be administered via 
the nasogastric tube every 6 hrs. The tube will be clamped for 1 
hr following administration. The gastric pH of these patients will 
be checked and recorded every hour. The incidence of clinically 
evident GI bleeding will be recorded. Any patient who demonstrates 
clinically evident bleeding will undergo upper endoscopy to verify 
the source of the bleeding. The diagnosis of pneumonia will be 
based upon roentgenographic findings consistent with pneumonia, 
sputum leukocytes >25 WBC/hpf, and less than 25 sqamous epithelial 
cells and growth of a predominant organism on sputum culture. 
Diagnosis of tracheobronchitis will be made based upon an elevated 
sputum culture leukocytosis (>25 WBC/hpf) and a predominant 
organism in the sputum culture in the absence of roentgenographic 
changes. The incidence of pneumonia and tracheobronchitis will be 
recorded for each patient. Sputum Gram stain and cultures and 
gastric aspirate cultures will be obtained every Monday, Wednesday, 
and Friday and as clinically directed. Isolates from each source 
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loircfwilTbe arne=ordePdâred■ ^ timin9 °£ col°--tion for each 

(1) Patient Inclusion: 

F„_lo +.^16 °r 5emale patients 18 years of age and older, 
emale patients must have been surgically sterilized be nosi-- 

THIT £ 45nryhS °f age and the ?ack of m®hetrualdpeAods°for 
to entry in^o 'the study3 negatlve Ptegnanoy test immediately prior 

of SurgicafLL^rcf^^rh^^rbir ArMy 

/4-Kaa (C) Patieilts wfth burns >20% of the total body surface 
( e presence of an inhalation injury not being exclusionary). 

(2) Patient Exclusion : 

(a) Patients under 18 years of age. 

(b) Patients who are pregnant or nursing. 

«•F c,, Patients admitted to the United States Army Institute 
of Surgical Research more than 48 hrs postburn. 

area. 

disease 

(d) Patients with burns <20% of the total body surface 

(e) Patients with a previous history of peptic ulcer 

(f) Patients who are presently receiving H2 antagonists. 

, . , Patients with a diagnosis of pneumonia at thp hi mo nF 
admission to the United States Army Institute of Surgicaí Research 

1983 arid ““ '???•' of Subi*ct* Required: Between 
out of a total of , ?nn ^ ■ pat.16nt3 who Sloped pneumonia 
Uí-ori.a z?tal of 1/300 admissions for an incidence of 17% Fnr- 

patients with burns exceeding 20% of the total body surface area 

25» and aTol Veduc^f8 ■ ^ 25-30%- Resuming L incidence oi 
a 50% reductlon in the incidence of sucralfate-treated 

Sîn KtS aS ?ug2ested in the literature, then 150 patients per arm 

^ a^TlTrrlr the hyPOth8Sia With a ^ 1 <» « 

. . d’ Data Collection: The gastric pH of all patients will be 

evident GI bleeH^^ eVery h°Ur' The incid®nce of clinically 
ioininL f1 bleed;Lng'. Pneumonia, and tracheobronchitis will be 

”u?cee2iirbearec^ednt ^ ^8 timin9 °f C°l0ni2ati- ^ -ch 
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e. Data Analysis Plan: Differences between treatment groups 
in the rate of occurrence of pneumonia and clinically evident GI 
bleeding will be evaluated for significance using the Chi-square 
technique. 

RESULTS 

During this fiscal year, 20 patients were enrolled in the 
protocol. Upon enrollment of 100 patients, the data will be 
analyzed for the effect of sucralfate on the prevention of stress 
ulcers and nosocomial pneumonia, and if a trend is noted the trial 
will be continued for enrollment of the full three hundred 
patients. 

PRESENTATIONS/PUBLICATIONS 

None. 
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f»ncÍDffFTMFJí?T 0F INTERMITTENT VS. CONTINUOUS ADMINISTRATION OP 
EXOSURP IN PATIENTS WITH ARDS INDUCED BY THERMAL INJURY 

INTRODUCTION 

Acute severe pulmonary insufficiency afflicts patients of sn 

lílln fat^^rof^acuTÍ0™^0 9eriatrÍC -9e 
termed adult teapiratorfd^s^r.3^3 “ 

(1,3-rS ARDS y occiTr S dfre^^ 

o“dan¿ éaseï’^fs0,; nea" nd5°“ni"9' 0/inhalation of smoke fr 

?Sea3rï disf°'rdsrs' includin;ay3epa3\S3°, frZÏ7, "shocK, TurlT 
ractures, transfusions, and pancreatitis (1,3-7). ' 

An estimítedVo1of^i3 con™on .in Patients with thermal injury. 
• • 1.°"40% °.f thermal injury patients concurrently have an 

^hfÍftl0nMÍn¿UfY.whlch frequently causes pulmonary complications 
9,10). Mortality rates of individuals with smoke inhalé?™ 

Siep-SH—S I F 
r«n,w3r °f bUrn Patie"ts »ith inhalation injury who devi^n 
espiratory compromise each year remains uncertain a ^ 

I? tteSlTS11^^0^ inClUdd"5 ARDes are nö^heTeadinfcIu^ of thermal and inhalation injury mortality. 5 

ventiÍatii^^esuTtíln1^01136^ re<*uirin9 mechanically assisted 

S !£Sf“iSá=H?i ~ “■"“ä 

aurfaoërofCthêt luna3 así“ pr°te.in c“"?1®* "hich lines the alveolar 
fa" ~ . ° . (18) • Surfactant reduces surface tension at 
íunn in iqUld lowers end expiratory volumes oTt^e 

alvlili as dry3as pl3sTble1Íun9e20,and í" í6^1"9 the Sma11 
several phospholipi^rãnd numLrous^ioternshoSever'the” °f 

app-Slj3 fjr1^tUPhc^‘idylCh^ e spi^3"? 
Comdex1“! ?Hr thS SUrfaCe ten3ion lowering properties JTtííe 
(PG? Whn» component of surfactant is phosphatidylglyoerSl 

iurkctanMthll3s ^nSear^since^ph mhv ^ ^ ^ J >G ^ 
surfactant function “l, 22) However pg "iTTll*? ^ g2°d 
mature lung and surfactant in the neonate (23) Most II 
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proteins in the surfactant are of serum origin, although there are 
several surfactant specific proteins with molecular weights in the 
range of 34-36 kilodaltons and 5-14 kilodaltons (18,24-27). The 
surfactant specific proteins aid in the spreading of surfactant on 
the alveolar surface. The lung lavage fluid content of the lower 
molecular weight protein is decreased in several animal models of 
lung injury (28). Analyses of bronchoalveolar lavage from ARDS 
patients and from animal models of acute lung injury demonstrate 
that the alveolar phospholipids have a reduced content of DPPC and 
PG and a decrease of the lecithin-sphingomyelin ratio similar to 
the situation in the neonate (15,17). The ARDS patient has a 
decreased pulmonary compliance which is one of the physiologic 
correlates of increased alveolar surface tension (1,2). Although 
it is believed that the initial lung injury precipitating ARDS is 
a breakdown of the alveolar endothelial-epithelial permeability 
barrier, a consequence of the alveolar injury is a marked 
disturbance of the surfactant system (12-17). However, the 
etiology of ARDS is complex, and numerous substances are released 
into the lung which may also cause cellular damage and surfactant 
inactivation (6). 

The present treatment for patients with ARDS secondary to 
smoke inhalation consists of mechanical ventilation with positive 
end expiratory pressure and supplemental oxygen and vigorous 
pulmonary toilet, all of which are supportive attempts to maintain 
arterial oxygenation rather than specific disease treatment. In 
fact, high inspired oxygen concentrations administered to patients 
receiving mechanical ventilation may in and of themselves cause 
further lung damage. Such supportive therapeutic approaches are 
often unsuccessful and may result in significant morbidity. 

The administration of exogenous surfactant along with 
mechanical ventilation and positive end expiratory pressure 
significantly improves the survival of rabbits in a model of ARDS 
induced by lavage depletion of surfactant and in mice infected with 
influenza (30-33). In an oxygen toxicity model of ARDS, the 
administration of a natural surfactant to oxygen-exposed rabbits 
improved lung compliance, decreased lung edema, and appeared to 
mitigate the lung injury (34). Similarly, administration of 
exogenous surfactant to ARDS patients should improve compliance of 
the lung and increase the functional residual capacity, allowing 
the patient to be ventilated with lower peak pressures and lower 
inspired oxygen concentrations. By virtue of the surface tension 
lowering and antiedema properties, exogenous surfactants may 
prevent, or reverse alveolar edema (35). Thus, exogenous 
surfactant administration early in the course of ARDS may help 
stabilize the lungs, and thereby decrease the need for mechanical 
ventilation. 

Preliminary experiments in patients in whom exogenous 
surfactant was administered within 72 hours of onset of severe ARDS 
showed transient improvement in gas exchange. Four grams of 
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bolusêrd8ÍÍiisdlSi.UrrÍ,a0Htant Wre aíminist®r®d 50 ml endotracheal ooiuses. This large dose of surfactant was well tolerated (36) 
atural surfactant equivalent to 110 ml/kg of DPPC has also been 

4rhour?Vh ^nStl.lleci the terminally ill child with ARDS. Within 
ar.t®rial oxygen tension rose from 19 to 200 mm Hg and 

inií?ai o significant clearing of the chest film. Thus,9 the 
nSiï,?1- KrifnCe su9gests that surfactant administration may be 
useful in the treatment of ARDS. y 

Ä K..^atura]: surfactant, a combination of lipids and proteins 
exhibits not only surface tension reducing properties Pbut also 
rapid spreading and absorption. Although DPPC by itself markedly 
reduces surface tension, alone it is ineffective in resp?ra?orï 
distress syndromes because DPPC spreads and absorbs poorly ^39-41) 
The rapid spreading and absorption necessary for norrrufl natural 
surfactant function is conferred by the apoproteins. The cSmpoínJ 
to be used in this experiment, EXOSURF, is a totally synthetic 
surfactant patented by John A. Clemens, M.D., in 1982.y Since 
alcohol spread rapidly on the surface of water, Dr Clemens 
postdated that adding alcohol to DPPC would create an effective 

EXOSURF1serv^aCífnt' In.this. sense' the alcohol constituent of 
EXOSURF serves the same function of the apoprotein moieties of 

ffT; EX5?URF is a 13.5:1.5:5.8:1 mixture of DPP^f 
hexadyconal alcohol, sodium chloride and tyloxapol. 

a studiea of EXOSURF administered endotracheally as 
a liquid bolus were performed elsewhere. Fifty-two newborn rabbit 

sacrificed df?Sed °n firSt day °f life and subsequently 
14 íay.S received daily doses of EXOSURF 1,2, and 3 

times the recommended neonatal dose as a single endotracheal bolus 
Severa! pups in both the controls and EXOSURF treated groups died 
acutely Postmortem examination showed no significant changes 
ttributable to EXOSURF. A second study using 215 rabbit pups 

?r¿m iretCoei3VetdiIXs0nüf 0n a four-timaa-a-day basA in doses ran^g 
la+^r-1 a times .the. recommended dose were sacrificed two weeks 
noted (is!9«1)' n° Signif;LCant Pathology attributable to EXOSURF was 

animal« toxj-city studies of aerosolized EXOSURF in adult 
animals have been performed. Pilot studies with rats and monkevs 

E«EltedninPenrn0rmed ^ ^Ve dayS (44'45>- Aerosolized EXOSURF 
resulted in no gross or microscopic signs of toxicity Two other 
Et«tEd no47’ uai?9 larger groups of rats and monkeys also demon- 

aSm?E!«ratron. y S800ndar'' to «rosolized EXOSURF 

in the dreH/a^hare 15 clinical trials with EXOSURF used 
pediatr^c groups. All studies were randomized, 

tion if EXOSURF 0“p0nír0lled trialS 0f liquid bolus administra- .°n.°f EXOSURF. Preliminary analysis of these studies indicate 

nÍ9ír ttCant reductiona in deaths in the EXOSURF treated groups with 
no difference in the incidence of bronchopulmonary dysplasia or 
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intraventricular hemorrhages between the treated and control 
subjects. 

Pilot studies utilizing aerosolized EXOSURF in adult patients 
with ARDS have been initiated. Thirteen pavients have been treated 
with aerosolized EXOSURF without adverse reactions. Patients 
responded with a decreased oxygen requirement, increased Pa02/FI02 

ratio, and decreased shunt fraction. 

Pulmonary complications are now the major determinant of 
mortality in patients with significant thermal injury and smoke 
inhalation (58). Data suggest that surfactant depletion and 
inactivation may be partially responsible for pulmonary dysfunction 
following smoke inhalation. 

The purpose of this study is to determine whether administra¬ 
tion of exogenous surfactant will result in an improvement in 
pulmonary function in patients with thermal and inhalation injury 
induced ARDS. Additionally, this study will attempt to ascertain 
whether continuous or intermittent administration of aerosolized 
EXOSURF are equally effective. Continuous (24 hours per day) 
versus intermittent (12 hours per day) administration will result 
in the administration of 30 or 60 ml/kg of DPPC per day. 

Design. This study is designed as a multicenter, double¬ 
blind, randomized, parallel, pilot investigation of the effect of 
EXOSURF or saline inhalation on pulmonary function in patients with 
early pulmonary insufficiency secondary to smoke inhalation. 
Patients meeting entrance criteria will be enrolled in the study 
and randomly assigned to one of four treatment groups: Group A - 
EXOSURF administered for 12 hours per day; Group B - 0.1 normal 
saline administered for 12 hours per day; Group C - EXOSURF 
administered for 24 hours per day; and Group D - 0.1 normal saline 
administered for 24 hours per day. 

Patients in each treatment group will receive the appropri¬ 
ately aerosolized agent for five days. Randomization will be such 
that twice as many patients will be enrolled in the EXOSURF groups 
as the control groups. Randomization will be coordinated at a 
central office located at Burroughs Wellcome Company. 

RESULTS 

At this time, no patients have been enrolled in this protocol. 
Laboratory experience with the Visan nebulizer, which is to be used 
for the delivery of the aerosolized surfactant has revealed 
multiple problems. Until the nebulizer can be safely used in the 
animal model, patients will not be enrolled in this protocol. 

DISCUSSION 

None. 
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ABSTRACT 

PROJECT NUMBER: 3M162787A874-00, APPLIED RESEARCH AND EXPLORATORY 
DEVELOPMENT 

PROJECT TITLE: A Clinical Study of the Efficacy of Topical 
Silicone Gel in the Prevention of Hypertrophic 
Burn Scar Formation 

INSTITUTION: US Army Institute of Surgical Research, Fort Sam 
Houston, San Antonio, Texas 78234-5012 78234-5102 

PERIOD COVERED IN THIS REPORT:: 1 Oct 89 through 30 Sep 90 

INVESTIGATORS: Stephen H. Luster, OTR, MS, Major, SP 
William G. Cioffi, Jr., MD, Major, MC 
Loring W. Rue III, MD, Captain, MC 
William F. McManus, MD, Colonel, MC 

Application of topical silicone gel material (Silastic Gel 
Sheeting) to healed burn wounds has been shown to smooth the 
texture of hypertrophic burn scar. Previous trials of silicone 
materials for scar reduction have been accomplished with existing 
hypertrophic burn scar. There have been no studies to assess the 
ability of silicone gel to prevent the development of hypertrophic 
burn scar. This study will assess the efficacy of silicone gel to 
prevent the development of hypertrophic burn scar in recently skin 
grafted patients. The results of this preliminary study will 
determine if Silastic gel is of clinical value in early post—graft 
scar management and if subsequent investigations into the mechanism 
of action of silicone gel are feasible within an acute care 
setting. 
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A CLINICAL STUDY OF THE EFFICACY OF TOPICAL SILICONE GEL IN THE 
PREVENTION OF HYPERTROPHIC BURN SCAR FORMATION 

INTRODUCTION 

There has been interest in the use of silicone materials for 
the treatment of burns for many years. There have been reports of 
silicone oil and silicone dressings in the treatment of hand burns 
(1-3). In 3988, Dr. Ohmori of Tokyo reported successful treatment 
of keloid soars with Silastic (silicone) sheeting (4) . Dow Corning 
Wright has developed and is now marketing a Silastic gel sheeting 
for clinical use with hypertrophic scars. The product, Silastic 
Gel Sheeting, is a 3.5 mm thick polyethyleneterephthalate mesh 
reinforced silicone gel sheet. Silicone gel sheets have been found 
to be bacteriologically inert and to have mechanical extensibility 
similar to skin (5). The mechanism of action of silicone gel on 
hypertrophic scar is unknown. After studying silicone gel sheets, 
Quinn concluded that its mechanism of action in altering scar 
tissue is not secondary to pressure, temperature, oxygen tension or 
skin hydration and occlusion and may therefore involve a chemical 
factor (5). Previous studies (5,6) have demonstrated that 
application of silicone gel sheets softens, flattens and increases 
the extensibility of existing hypertrophic burn scar. With the 
exception of a five patient clinical trial of silicone gel as a 
partial-thickness burn injury dressing (7) there have been no 
studies to assess its effect as treatment for the prevention of 
burn scar formation. 

MATERIALS AND METHODS 

This study will utilize patients who have undergone meshed, 
split-thickness skin grafting of at least one upper extremity. 
When the graft has healed so that the interstices are closed, a 4cm 
square patch of Silastic silicone gel sheeting will be applied to 
a grafted area and secured with surgical netting (Surginete). The 
silicone gel sheeting will remain in contact with the graft for a 
total of 23 hours a day and be removed twice a day for cleaning, 
skin inspection and hygiene. Treatment will continue for three 
weeks. Treatment will be discontinued in the event of pruritus, 
pain, maceration, ulceration or other tissue degradation. 

Patient Inclusion Criteria: 

(1) Male and female patients 18 years of age and older who 
have been admitted to the US Army Institute of Surgical Research. 

(2) Patients with burns > 1% TBSA but < 70% TBSA. 

Patient Exclusion Criteria: 

(1) Patients under 18 years of age. 
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(2) Patients with burns < 1% TESA. 

(3) Patients with toxic epidermal necrolysis (TEN). 

(4) Patients who are pregnant or nursing. 

Forty—two patients will be involved in the study based on an 
expected treatment effect difference of 25%, a 5% type I error and 
10% type II error. The effect of treatment will be assessed by pre 
and post-treatment color and texture ratings. The ratings will be 
conducted by a panel of 5 disinterested observers. In addition, 
weekly measurements of scar pliability will be taken using a 
modified tonometer as described by Esposito et al. (8). The test 
sites and adjacent areas will also be photographed before and after 
treatment for later comparison. Weekly measurements will continue 
until the patient's discharge to assess the effect of treatment 
cessation. 

The data from the treated and untreated sites of each subject 
will be subjected to a one way within-subjects ANOVA. Data groups 
will be formed for treated and untreated sites and will undergo a 
one way between-subjects ANOVA. 

RESOLTS 

All equipment and materials for the study have been assembled. 
A pre-study trial of one patient demonstrated that more training in 
the use of the Schiotz tonometer was required to assure reliable 
scar pliability measurements. This uraining is currently in 
progress. 

DISCUSSION 

The principal investigator, Major Luster, is being transferred 
to another military medical facility effective 25 August 1990. CPT 
(P) Karen Cozean will be attached to ISR effective 9 October 1990 
and has agreed to assume responsibilities of principal 
investigator. 
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A CLINICAL STUDY OF THE EFFICACY OF LOW-DOSE DOPAMINE THERAPY IN 
HOSPITALIZED BURN PATIENTS 

INTRODUCTION 

a. Objective. The objective of this study is to evaluate 
the efficacy of low-dose (2.0-5.0 mcg/kg/min) dopamine therapy in 
burn patients by documenting its effects on effective renal plasma 
flow (ERPF), glomerular filtration rate (GFR), sodium and potassium 
excretion, and free water clearance. 

b. Medical . Application. Dopamine (3,4—dihydroxy— 
phenylethylamine) is a precursor of norepinephrine and epinephrine. 
It is found in sympathetic nerves and ganglia; most prominently in 
the brain, heart, kidney, vasculature, and intestines. Depending 
upon the dosage used and thus the type of receptor stimulated, it 
has a wide variety of pharmacological actions. At low doses, 0.5- 
1.0 mcg/kg/min, dopamine-1 (DAI) receptors are primarily activated. 
The DAI receptors are located in the renal, mesenteric, cerebral, 
and coronary vasculature (1) . Their stimulation leads primarily to 
vasodilation. Additionally, stimulation of the DAI receptors 
located in the renal juxtaglomerular apparatus and zona glomerulosa 
leads to inhibition of sodium transport in the kidney. At slightly 
higher doses, 2.0-5.0 mcg/kg/min, the beta-1 receptors are also 
activated. (1) This exerts a positive inotropic effect on the 
myocardium with a subsequent increase in cardiac output. At doses 
of approximately 10 mcg/kg/min, alpha—1 and alpha—2 receptors in 
the peripheral vasculature are activated, leading to vaso¬ 
constriction and increased systemic vascular resistance (SVR) (1) 
The combined renal and cardiovascular effects of "low-dose" 
dopamine therapy, 2.0—5.0 mcg/kg/min, result in increased renal 
blood flow, with an associated increased glomerular filtration rate 
(GFR), increased sodium excretion, and increased urine output 
(1-4). 

Dopamine has a half-life of 1—2 min when administered 
parenterally. Monoamine oxidase rapidly metabolizes dopamine to 
sulfates and glucuronides by conjugation. This rapid elimination 
necessitates that dopamine be administered via a continuous 
infusion, using a metered pump for strict control of rate of flow. 
In addition, the dose-related pharmacological effects of dopamine 
occur gradually and the clinical response is variable from patient 
to patient. Therefore, careful monitoring of blood pressure, 
cardiac output, and urine flow is mandatory (5). 

Side effects are rarely seen when low-dose dopamine infusion 
is administered. The renal clearance of other drugs which are 
eliminated primarily by glomerular filtration is increased and 
dosage adjustment may be required. The clearance of those drugs 
eliminated by hepatic degradation is likewise augmented secondary 
to mesenteric vasodilation and increased hepatic flow. Therefore, 
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drugs eliminated by this route must also be closely monitored. 
Extravasation of dopamine into the subcutaneous tissue can lead to 
an intense local vasoconstriction and subsequent necrosis. 
Therefore, dopamine should be administrated via a large, central 
vein. Phosphate levels must also be monitored due to increased 
urinary excretion. Hypoxemia must be avoided, since dopamine 
suppresses the ventilatory response to low oxygen tension at the 
carotid body. At higher doses, dopamine can cause tachycardia, 
arrhythmias, and ischemia. As a result, continuous cardiac 
monitoring is mandatory (1,5). 

Dopamine's effect on renal perfusion and urine flow has been 
documented in a wide variety of clinical situations (3,6-9). Using 
radio labeled tracers, it has been shown to increase both ERPF and 
GFR with a resultant increase in urine output (1,2) . These effects 
have been attributed to both the renal vasodilation and increased 
cardiac output observed with "low-dose" dopamine therapy. As a 
result, dopamine is considered to be efficacious when used in the 
management of cardiogenic, traumatic, and hypovolemic shock. 

In these situations, it is hypothesized that renal function 
may be compromised due to low perfusion, possibly from increased 
sympathetic activity. Low-dose dopamine therapy is also occasion¬ 
ally utilized in burn patients when the fluid resuscitation 
requirements exceed the predicted rates; however, the efficacy of 
this therapy in burn patients has never been documented. It is 
uncertain if the effects of low-dose dopamine are the same in burn 
patients who are hypermetabolic and have elevated levels of 
aldosterone and ADH. The purpose of this study is to document the 
effect of low-dose dopamine therapy on the ERPF, GFR, solute 
excretion, and free-water clearance in burn patients who are 
approximately 4-7 days post injury and to compare the findings with 
previously documented effects seen in various other clinical 
situations (2,3,6-9). 

If this study produces statistically significant results, a 
follow-up study will be designed to evaluate the effect of low-dose 
dopamine effect during the resuscitative phase immedictely 
postburn. 

MATERIALS AND METHODS 

a. Design. This protocol will study 20 consecutive burn 
patients with bums of > 30% of the total body surface area and 1.0 
normal volunteers. ERPF and GFR of each patient will be measured 
utilizing radio labeled tracers, both prior to and during a con¬ 
tinuous intravenous dopamine infusion between 1 and 30 days 
following injury. 

The radiopharmaceuticals to be administered in this study 
include 99mTc-diethylenetriarnine penta-acetic acid (Tc-DTPA) and 
131I-hippuran (I-HIP), used to measure GFR and ERPF, respectively. 
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These radiopharmaceuticals will be administered in a loading dose 
and then as a continuous infusion, providing an essentially minimal 
radiation exposure (less than a standard chest x—ray) and allowing 
for precise quantitation by gamma counting. The dose of Tc-DTPA 
and 1-HIP will not exceed 4.0 mCi and 0.4 mCi, respectively. 
Clearance will be calculated by measurement of both plasma and 
urine levels of each radiopharmaceutical. 

The patients will receive a priming bolus injection and 
sustaining infusion of each radiopharmaceutical which will be 
estimated based upon body size and renal function. The loading 
dose will be estimated to yield (after distribution) plasma levels 
of less than 40,000 counts per min per ml for the Tc-DTPA and 
< 1000 counts per min per ml for the I-HIP. The patient will then 
be begun on a continuous infusion of the two compounds to sustain 
these serum levels. After a 1-h equilibration period (during which 
distribution and adjustment in serum tracer levels are expected to 
occur), the infusion will then be continued for an 8 h study period 
(time 0-8 h). Blood will be collected from another site every 15 
mm for the 1st hour (time 0-1 h), then every 30 min during the 
remaining 7 h. The plasma will be separated and a measured volume 
w. ^ k® counted in a well—type gamma counter for Tc-DTPA and I—HIP 
simultaneously within a few hours of collection. Timed urine 
samples, 1 h each, will be collected for 8 h. Aliquots of the 
uiine samples will be counted for radioactivity in volumes and 
tubes equivalent to those used for plasma. Diluted proportions of 
the inféctate will be counted to determine the dose actually given 
and to permit correction of spillover of counts for the 131I channel 
*ntc’ t*1® mTc channel of the detector. A special computer program 
has been written to correct for physical decay. From blood and 
urine samples, we will determine GRF, ERPF, clearances of Na+, 
wOtal osmolytes, H20, and creatinine, and changes in the serum 
thyrotropin (TSH) and plasma dopamine. 

b. Description of Procedures : 

(1) Treatment Period: Treatment should not exceed 10 
days for burn patients and 32 hours for control subjects for the 
purpose of this study, including clinical observations after the 
infusion of renal function tracers and dopamine. 

(2) Burn Patient Inclusion: Individuals meeting the 
following criteria will be eligible for entry into the study 
Witnessed volunteer agreement affidavits will be obtained from each 
patient, or their legal guardian, prior to beginning the study. 

. Patients admitted to the U.S. Army Institute of 
Surgical RôSGarch within 72 hours of th© tiiriG of injury. 

(b) Male or female patients older than 18 years of age. 
Female patients must have been surgically sterilized, be 
postmenopausal (over 45 years of age and the lack of menstrual 

184 



periods for at least one year), or have a negative pregnancy test 
prior to entry into the study. 

(c) Patients with burns > 30% of the total body surface 
area. 

(3) Burn Patient Exclusion: Patients meeting the 
following criteria will be excluded from the study. 

(a) Patients younger than 18 years of age. 

(b) Pregnant patients. 

(c) Patients with burns < 30% of the total body surface 
area. 

(d) Patients admitted to the U.S. Army Institute of 
Surgical Kosearch > 3 days postburn. 

(e) Patients with evidence of tachyarrhythmias, 
ventricular fibrillation, or evidence of cardiac ischemia on 
admission EKG. 

(f) Patients with uncorrectable hypoxemia. 

(g) Patients with uncorrectable hypovolemia as assessed 
by clinical and Swan-Ganz parameters. 

(h) Patients with preexisting renal disease or a 
creatinine level > 2.0. 

(i) Patients being treated with a monoamine oxidase 
inhibitor prior to injury. 

(j) Patients with known dopamine or sulfite allergy or 
sensitivity. 

(k) Patients with known pheochromocytomas. 

(l) Patients with occlusive vascular disease, i.e., 
Raynaud's disease, diabetic endarteritis, and Buerger's disease. 

(4) Control Subject Inclusion: 

(a) Volunteers with no chronic medical problems and not 
currently on any medications. 

(b) Male or female volunteers older than 18 years of age. 
Female volunteers must have been surgically sterilized, be post¬ 
menopausal (over 45 years of age and the lack of menstrual 
periods for at least one year), or have a negative pregnancy test 
prior to entry into the study. 

185 



1 « (C) v°lunteers will be obtained from the U. S. Army 

Frederick^SMaryland.St^tUte °£ Infectious Detrick! 

(5) Control Subject Exclusion: 

(a) Subjects younger than 18 years of age. 

(b) Pregnant subjects. 

(c) Subjects with evidence of tachyarrhythmias 
ventricular fibrillation, or evidence of cardiac ischemia^n EKg! 

(d) Subjects with preexisting renal disease or a 
creatinine level >2.0. or a 

inhibitor 
(e) Subjects being treated with a monoamine oxidase 

sensitivity^ Sub^ects with known dopamine or sulfite allergy or 

(g) Subjects with known pheochromocytomas. 

d, Subjects with occlusive vascular disease, i.e. 
Raynaud s disease, diabetic endarteritis, and Buerger's disease." 

win Pr°c®dures Prior to Study: The following information 
obtained for each patient/control subject prior to the 

initiation of the study. p ° zne 

(a) Medical history. 

(b) Physical examination. 

(c) ECG. 

in burn patients?“1®1 bl0°d 93363 <a3 Part °f routine °nly 

, . Laboratory profiles to include standard chemistries 
(p osphate included), hematology, and urine analysis. 

(f) A central venous cordis catheter will be placed in 
0nly' Wlth a Pulmonary artery catheter advanced to 

measure cardiac output (CO), central venous pressure (CVP), and 
pulmonary capillary wedge pressure (PCWP). Control subjects will 
have a large bore peripheral IV catheter placed. 

_ j . .. A Foley catheter will be placed in each burn patient 

Conf h iUo ?^tpUt prior to treatment will be recorded. 
Control subjects will stand to void and no catheter will be placed. 
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(h) The patient's and control subject's weights (in 
kilograms) will be obtained upon admission. 

(i) A second IV catheter will be placed, at a site 
distant from the central venous cordis catheter, with a 3-way 
stopcock in place for blood withdrawal. 

(j) The patient will be given an infusion (2 ml/kg/h D5W 
plus part of the previous ongoing fluid therapy) in order to 
produce a urine flow of 2 ml/min. The added infusion rate will 
include the infusion rate (as D5W) that later (beginning at time=4 
h) will be the dopamine infusion. 

(k) A 2 ml/min urine flow will be established prior to 
time 0, at which time the bladder will be flushed with 100 ml of 
air. This air flush technique will be used to end all urine 
collections. Control subjects will stand to void and will not have 
a urinary catheter nor undergo bladder air flush. 

(l) The urine produced during each hour of the 8-h study 
will be collected for electrolyte and osmolality determinations and 
a plasma sample, collected from the mid-point, will likewise be 
analyzed for electrolyte and osmolality determinations. 

(m) One hour prior to time 0, the priming bolus of the 
Tc-DPTA and I—HIP will be injected into the infusion port of the 
central venus cordis catheter in burn patients and the catheter 
flushed with 5 ml of saline (t=0). Control subjects will have the 
same dosages injected into the large peripheral IV catheter. The 
constant infusion of the Tc—DPTA and I-HIP will then begin. 

(n) Beginning at time 0, 2 ml of blood will be collected 
in heparinized tubes at 15-min intervals for 1 hr, then every 30 
min for 7 h and placed on wet ice for gamma counting of plasma 
later in a well-type gamma counter. At the mid-point of each hour, 
a 3 ml blood sample will be taken for determination of serum 
electrolytes, creatinine, and osmolality. At time 0 and at each 
hour up to 8 h, a 6 ml blood sample will be taken for determination 
of serum TSH, a marker of dopamine effect, and plasma dopamine. 

(7) Dosage and Administration: AT T=240 min, dopamine 
will be administered at a rate of 3.0 mcg/kg/min by continuous, 
intravenous infusion. It shall be infused through a central venous 
catheter, placed in one of the patient's central veins (femoral, 
subclavian, or internal jugular). The rate of infusion will be 
controlled by the use of a metered infusion pump. The weight used 
to calculate the dosage will be the patient's preburn weight. The 
control subjects will be weighed immediately prior to participating 
in the study. The infusion rate of dopamine (in D5W) will replace 
a portion of the infusion rate of D5W that has been ongoing. 
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performed. 

telemetry. 

(8) Procedures during Study: 

(a) Continuous blood pressure monitoring will be 

(b) Continuous cardiac monitoring will be performed using 

min. 

Ur^e will be collected and the volume recorded each 
“sin9th© bladder air flush technique previously described. 

Control subjects will stand to void. 

^rdiac output, CVP, and PCWP will be measured and 
recorded each hour in the burn patients. 

(e) Continuous pulse oximetry will be performed. 

Dopamine infusion will be continued for 4 h (time 4-8 

aid h°amthHat GFR' ERPF' a11 Clearan^3, serum TSH, plasma dopamine, 
and hemodynamic measurements over the 4-h interval of dopamini 

-be ^onJPai;ed Wlth those taken in the preceding 4 h 
without dopamine infusion. Pre-infusion periods of 4 h each are 
necessary because of hourly variation in urine residual volumes 
!?í!!"-Wííhda urinary catheter) and the need to allow time for the 
effect of dopamine to develop. 

(g) The dopamine infusion will be discontinued at t=480 

(9) Procedures after Study: 

i. • ^ ia) Continuous blood pressure monitoring will be 
continued for 24 hours post study. 

hours post (studyntinUOUS Cardiac telemetry will be continued for 24 

post study Hourly urine outputs will be recorded for 24 hours 

(d) Cardiac output, CVP, and pulmonary capillary wedge 

studyUre Wl11 be measured and recorded each hour for 4 hours polt 

and ^ labo^a^°^y profile, including standard chemistry 

following*1 a*"m leVel ^11 b® obtained Mediately post study and the 

Ko Tbe clinical effectiveness of dopamine infusion will 
G® ®^aÍuab®d usin9 a standard statistical comparison of ERPF and 
bofh ího K measur4ements Pre-treatment and during treatment in 
both the burn patients and normal control groups. 
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c. Determination of Number of Subjects Required. This study 
is designed as a pilot study and there are no previous studies of 
its kind for reference. It is felt that 20 consecutive burn 
patients and 10 normal volunteers will provide an adequate number 
of subjects to assess the clinical effects of low-dose dopamine 
therapy in burn patients and provide some estimate of variation in 
measured variables with burn size and time postburn. 

d. Data Collection. See Description of Procedures. 

e. Data Analysis Plan. The results of this study will be 
evaluated using data tables prepared to compare the burn and 
control populations in terms of ERPF, GFR, sodium and potassium 
osmolar excretion, serum and plasma variables, free water 
clearance, and cardiac output. Analyses of variance will include 
hour of infusion, burn size, age, and postburn day as main sources 
of variation for measured variables. 

RESULTS 

This protocol was approved by the Human Subjects Research 
Review Board located at the Office of the Surgeon General during 
this fiscal year. Enrollment of patients will begin during the 
second quarter of FY 1991. 

PRESENTATIONS/PUBLICATIONS 

None. 
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Pseudomonas aeruginosa wound infections were identified. 

(U) 8910 - 9009. During calander year 1989, microbiologie 
surveiliance was carried out on 207 of the 216 admitted and 

$Urn More than 7'598 isolates were 
identified from 12,861 specimens. Gram-negative organisms 
represented less than 33% of isolates. Klebsiella pneumoniae 

ïhei m?Sï common Gram-negative isolatF! The most common 
blood isolate was Staphylococcus aureus. Pseudomona«; 
aeruginosa was not recovered from any patients. No PTeudomonas 
aeruginosa wound infections were identified. - 
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ABSTRACT 
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During calendar year 1989, 207 burned patients were cultured 
and 7,598 isolates were identified. A relatively low colonization 
frequency(<33%) with Gram-negative organisms has continued for the 
8th reporting period. This was also reflected in an increase in 
Gram-positive organisms in blood cultures. Staphylococcus aureus. 
Staphylococcus epidermidis, and Staphylococcus saprophyticus 
represented 53.9% of the bacteremia cases. The computerized 
microbial culture surveillance system now contains infection 
control and antibiotic usage data bases. This system is being 
evaluated for its use in predicting infecting organisms on the 
basis of previous sites of colonization and antibiotic usage. 
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STUDIES OF INFECTION AND MICR0BI0L06IC SURVEILLANCE 
OF TROOPS WITH THERMAL INJURY 

This report is produced from microbiology data collected for 
patients admitted during calendar year 1989. Data were collected 
from admission through disposition. This is the fifth report that 
is based on calendar year rather than fiscal year. This change 
aligns culture results with the annual research progress report 
produced by the Clinical Division for the same patient population. 

AUTOMATED MICROBIOLOGY DATA BASE 

microbiol°gy data base now contains complete surveillance 
data for >1,600 burn patient admissions. Epidemiologic use of 
these data has resulted in several publications. The microbiology 
data base has been aligned with antibiotic use and infection 
control data bases. This has improved the utility of the system 
for prospective use in identifying outbreaks and aiding empiric 
therapy by predicting on a statistical basis the "probable 
antibiotic sensitivity patterns of infecting organisms. 

ANTIBIOTIC SENSITIVITY DETERMINATION 

The 1989 antibiotic testing panels are presented in Table 1. 
Bacterial organisms were tested by agar overlay disc diffusion! 
Broth dilution minimal inhibitory concentrations and minimal 
bactericidal concentrations were available upon specific reguest. 
The protocol for selecting organisms for in vitro sensitivities was 
isolation from blood cultures, predominant organisms in biopsy 
cultures, predominant Gram-negative organisms in sputum and urine 
cultures with >10 cfu/ml, Staphylococcus aureus isolates. 
Pseudomonas aeruginosa isolates, and other organisms as requested. 

MICROBIAL SURVEILLANCE 

^ miCr0bial surveillance protocol established during fiscal 
year 1983 was continued during calendar year 1989 (1) . The 
patient's wound, sputum, urine, and rectum were cultured on 
admission. Thereafter, sputum and urine were cultured 3X/week and 
stools and wound surfaces 2X/week. Patients transferred to the 
convalescent ward and hospitalized > 30 days were cultured IX/week. 
Gentamicin-resistant Gram-negative organisms from sputum or stool 
specimens were screened by plating on MacConkey agar containing 
gentamicin sulfate (25 /ig/ml) . y g 

microbiologic findings in burn patients 

t?ta} of 207 patients admitted during 1989 were cultured. 
Species isolated and number of patients yielding each species are 
presented rn Table 2. Because of the decreased host 
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TABLE 1. In vitro Sensitivity Panels (1989) 

Nonenteric 
Enteric Organisms Gram-Negative 

Organisms 

Gram-Positive 
Organisms 

3 . Amikacin3'15 
?.. Gentamicina,b 
3 Ticarcillin3 
4. Mezlocillin3'15 
5. Piperacillin3'15 
6. Cefotaxime3 
7. Cefoperazone 
8. Sulfadiazine 
9. Netilmicin3 
10. Kanamycin 
11. Choramphenicol 
12. Tetracycline 
13. Cefoxitin3 
14. Cefamandole3 
15. Ampicillin3 
16. Trimethoprim 
17. Trimethoprim/ 

Sulfamethoxazole 
18. Nalidixic Acid 
19. Imipenem- 

Cilastatinb 
20. Streptomycin 
21. Aztreonam 
22. Norfloxacin 
23. Ceftazidime3'15 
24. Ceftriaxone3 

1. Amikacin3'15 
2. Gentamicin3'15 
3. Tobramycin 
4. Ticarcillin3 
5. Mezlocillin3'15 
6. Piperacillin3'15 
7. Moxalactam3'15 
8. Cefotaxime3 
9. Cefoperazone3 
10. Colistin 
11. Sulfadiazine3 
12. Netilmicin 
13. Kanamycin 
14. Chloramphenicol 
15. Tetracycline 
16. Imipenem- 

Cilastatinb 
17. Azlocillin3 
18. Norfloxacin 
19. Aztreonam 
20. Timentin 
21. Ceftazidime3'15 
22. Ceftriaxone3 

1. Amikacin3'15 
2. Gentamicin3'15 
3. Tobramycin 
4. Mezlocillin15 
5. Piperacillin3'15 
6. Moxalactam15 
7. Cefotaxime 
8. Cefoperazone 
9. Sulfadiazine 
10. Oxacillin3 
11. Cephalothin 
12. Vancomycin 
13. Chloramphenicol 
14. Tetracycline 
15. Ampicillin 
16. Imipenem- 

Cilastatinb 
17. Clindamycin3 
18. Penicillin3 
19. Erythromycin3 
20. Streptomycin 
21. Ceftazidime3'15 
22. Ceftriaxone 

3Reported daily on daily clinical microbiology report (hard 
copy). 

bReported on computer screen from patient data base. 
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resistance of the patient population, no organism is considered 
"normal" flora and all isolated organisms are reported to the 
physician. A summary of the 10 most common isolates is presented 
in Table 3. The table contains 76% of the species identified. The 
relative frequencies of sites of isolation are presented in Figure 
1. The relative frequencies of sites of isolation of Gram-negative 
organisms. Gram-positive organisms, and yeasts are shown in Figure 
2. Of particular note is the continued decline of Gram-negative 
isolates. Pseudomonas aeruginosa was not in the top 10 organisms, 
and was recovered from only 25 of the 207 patients. This frequency 
was not significantly different from calendar years 1984-88. 

FLORA RECOVERED FROM RESPIRATORY SYSTEM SPECIMENS 

A total of 4,758 organisms were recovered from respiratory 
system specimens. The majority of these were sputum cultures 
collected in the surveillance program. The 10 most frequent 
species are presented in Table 4, which represents 83.1% of the 
respiratory isolates. 

FLORA RECOVERED FROM WOUND SURFACE SPECIMENS 

A total of 1,621 contact plate surface cultures were taken and 
846 isolates were made. Relative frequencies of isolated species 
are presented in Figure 3. Subsurface flora, as measured by biopsy 
specimens, was measured in 495 biopsies taken from 120 patients. 
Organisms were recovered from 42 of the biopsied patients. The 10 
most common organisms are presented in Table 5. Filamentous fungi 
remained the principal isolate. Pseudomonas aeruginosa was 
recovered from four biopsies taken from three patients. The 
continued decrease in recovery of wound bacteria is best correlated 
with the decrease in resistance to topical and parenteral anti¬ 
microbial agents. The loss of competitive bacterial flora is a 
reasonable basis for the increased frequency of fungal isolates. 

FLORA RECOVERED FROM URINARY TRACT SPECIMENS 

Urine specimens from 201 patients yielded 666 isolates. The 
10 most common species are presented in Table 6. The top 10 
organisms isolated from urine specimens with > 105 cfu/ml are 
presented in Table 7. 

FLORA RECOVERED FROM BLOOD CULTURES 

Blood cultures were obtained from 119 patients for a total of 
697 cultures. The principal organisms recovered are listed in 
Table 8. Positive cultures were obtained from 24 patients and 35 
isolates were made from 33 positive cultures. Thirty cases of 
bacteremia were noted. A case of bacteremia was defined as 
isolation of an organism once or more than once within a 30-day 
period. 
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1 

FIGURE 1. Display o the relative frequency of specimen sources 
yielding isolates in 1989. 
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2A 

FIGURE 2A. Display of the relative frequency of specimen 
sources yielding Gram-negative organisms. 
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2B 

Fisura 2B. Display of the relative frequency of specimen 
sources yielding Gram-positive organisms. 
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URINE 

FIGURE 2C. Display of the relative frequency of specimen 
sources yielding yeast-like organisms. 
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3 

s 

FIGURE 3. Display of the relative frequency of organism types 
isolated from surface wound cultures. 
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Intravenous catheter tips were cultured from 89 patients. 
Isolations were made from 55 patients and 152 isolates were made. 
Data are presented in Table 9. These data show an unexpectedly 
high incidence of contamination or poor specimen collection 
technique. 

SUMMARY OF ANTIBIOTIC TESTING 

A total of 4,062 bacterial isolates were tested for in vitro 
sensitivity to antibiotics. A comparison of sources of tested 
strains is presented in Figure 4. The relative frequency of tested 
organisms is presented in Figure 5. 

Gentamicin resistance was again used as a plasmid surveillance 
marker. Testing was done on 3,204 isolates. Figure 6 displays the 
relative frequency of tested organisms. Figure 7 displays the 
frequency of resistant species. Staphylococcus aureus represented 
49% of the gentamicin-resistant isolates. Only 49 Gram-negative 
isolates of 1577 strains tested were resistant to gentamicin 
(3.1%). This is the lowest percentage ever reported from the 
Institute and is a direct marker of the success of infection 
control isolation techniques in preventing the accumulation of a 
resistant Gram-negative flora. 

Staphylococcus aureus. The sources of Staphylococcus aureus 
strains tested for in vitro antibiotic activity are presented in 
Figure 8. With the intention of using Gentamicin resistance as an 
indicator of a nosocomial versus a community strain origin, 
antiobiotic data are presented separately in Tables 10A and 10B and 
histograms are presented in Figures 9A and 9B. As can be seen, 
this segregation correlates well with the presence of other 
antibiotic resistances. Methicillin (Oxicillin) resistance remains 
endemic in the burn center despite highly successful control and 
prevention of cross contamination with antibiotic resistant strains 
of P. aeruginosa and other gram negative organisms. 

Pseudomonas aeruginosa. The frequency of sources of 
Pseudomonas aeruginosa strains tested in vitro is presented in 
Figure 10. The results of testing are presented in Table 11. 
Sensitivity to aminoglycoside antibiotics has remained high. The 
relative frequency of gentamicin resistance for recent reporting 
periods us presented in Figure 11. The relative frequency of 
sulfonamide resistance for recent reporting periods is presented in 
Figure 12. Histogram displays of the distributions of zone sizes 
for selected antibiotics are presented in Figure 13. 

Klebsiella pneumoniae. A total of 292 isolates were tested 
for in vitro sensitivities to antibiotics. The sources of 
isolation for tested strains are presented Figure 14. The results 
of in vitro antibiotic testing are presented in Table 12. 
Histogram displays of the distributions of zone sizes for selected 
antibiotics are presented in Figure 15. 
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4 

FIGURE 4. Display of the relative frequency of sources yielding 
organisms tested for in vivo sensitivity to antibiotics 
in 1989. 

213 



5 

S AUREUS 

FIGURE 5. Display of the relative fiequency of organisms tested for 
in vitro sensitivity to antibiotics in 1989. 
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6 

S AUREUS 

FIGURE 6 . Display of the relative frequency of organisms tested for 
in vitro sensitivity to gentamicin in 1989. 
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7 

S AUREUS 

riGURl 7. Display of the relative frequency of gentamicin-resistant 
organisms isolated in 1989. 
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8 

FIGURE 8. Display of the relative frequency of sources yielding 
Staphylococcus aureus tested for in vitro sensitivity to 
antibiotics in 1989. 
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FIGURE 9A. Histogram display of the distribution of zones of 
inhibition of growth of gentamicin-sensitive 
Staphylococcus aureus. 
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FIGURE 9B. Histogram display of the distribution of zones of 
inhibition of growth of gentamicin—resistant 
Staphylococcus aureus. (Continued) 
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10 

riGURl 10. Display of the relative frequency of sources 
yielding Pseudomonas aeruginosa tested in vitro for 
sensitivity to selected antibiotics in 1989. 
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FIGURE 13. Histogram display of the distribution of zones of 
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KP 

FIGUR! 14. Display of the relative frequency of sources 
yielding Klebsiella penumoniae tested for in vitro 
sensitivity to antibiotics in 1989. 
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COLI 

ricura 16. Display of the relative frequency of sources 
yielding Escherichia coli tested for in vitro 
sensitivity to antibiotics in 1989. Escherichia 
Coli from stool specimens were not tested. 
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riGURX 17. Histogram display of the distribution of zones of 
inhibition of growth of Escherichia coli. 
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PM 

riQURX 18. 
Dfsfify of the relative frequency of sources 
yielding Proteus mirabilis tested for in vitro 
sensitivity to antibiotics in 1989. — 
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GR D 

FIGURE 20. Display of the relative frequency of sources 
yielding Group D Enterococcus tested for in vitro 
sensitivity to antibiotics in 1989 
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Escherichia coli. The sources of isolation for tested strains 
are presented in Figure 16. The results of in. vitro antibiotic 
testing are presented in Table 13. Histogram displays of the 
distributions of zone sizes for selected antibiotics are presented 
in Figure 17. 

Proteus mirabilis. The sources of isolation for tested 
strains are presented in Figure 18. The results of in. vitro 
antibiotic testing are presented in Table 14. Histogram displays 
of the distributions of zone sizes for selected antibiotics are 
presented in Figure 19. 

Group D Enterococcus. The sources of isolation for tested 
strains are presented in Figure 20. The results of .in vitro 
antibiotic testing are presented in Table 15. Histogram displays 
of the distributions of zone sizes for selected antibiotics are 
presented in Figure 21. 
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The immunosuppression seen following burn injury has 
frequently been attributed to elevated prostaglandin E levels. We 
evaluated the contribution of elevated prostaglandin E levels on 
susceptibility to infectious complications utilizing multiple mouse 
models. The administration of 100 M/kg of the long-acting 
derivative of prostaglandin E, 16,16-dimethyl-prostaglandin E was 
found to improve survival in C3/HEN mice challenged with IxlO8 
Escherichia coli organisms intraperitoneally. The administration 
of indomethacin was found to decrease survival in the same model. 
With C3/HEJ (endotoxin-resistant) mice, indomethacin was found to 
increase mortality rates in animals challenged with 1x10®, IxlO9 or 
IxlO10 Escherichia coli organisms. These findings suggest that 
elevated prostaglandin E levels seer in burn patients may not be 
responsible for the postburn increased susceptibility to infectious 
complications. 
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INVESTIGATION OF THE PHYSIOLOGIC AND IMMUNOLOGIC EFFECTS 
OF PROSTAGLANDIN E IN SEPTIC AND TRAUMATIZED PATIENTS 

INTRODUCTION 

One of the primary etiologies for mortality following burn 
injury is the development of infectious complications (1) . These 
infections have two main causes, a loss of the skin's natural 
barrier and the immunosuppression that results from burn j.njuries. 
This immunosuppression is due to a number of factors, including 
inadequate nutrition in the postburn period, the use of immuno¬ 
suppressive agents such as anesthesia and blood transfusions, and 
the release of endogenous immunosuppressive metaoolites. 

Prostaglandin E (PGE) has been reported to be one of the 
immunosuppressive metabolites released following burn injury (2) . 
The belief in an immunosuppressive nature of PGE has resulted from 
two areas of investigation. The first is the demonstration by 
Arturson (3) that PGE levels are increased following burn injury 
and that burn patients ire immunosuppressed (4) . The second is the 
demonstration that PGE impairs immune function in a number of in 
vitro leukocyte culture models (5). 

There has been little investigation on the in vivo effects of 
PGE in animal models due to the extremely short half-life of 
parenterally administered PGE (6) . The short half-life is the 
result of the near total clearance of PGE during each pass through 
the lungs. Derivatives of PGE that are resistant to enzymic 
degradation by the pulmonary parenchyma and thus have much longer 
half-lives have recently been developed. One of these derivatives 
is 16,16-dimethyl-prostaglandin E (dPGE) . We herein report an 
evaluation of this agent on resistance to sepsis in multiple mouse 
models. 

MATERIALS AND METHODS 

Animals. Five hundred adult, male C3/HEJ mice and 210 adult 
male C3/HEN mice weighing approximately 25g were used in these 
studies. The mice were housed in stainless-steel hanging cages and 
allowed food and water ad libitum. The mice were observed for a 
minimum of 1 week prior to entry into the study to exclude the 
presence of pre-existing diseases. 

Drugs. The dPGE was generously supplied by the Upjohn Company 
(Kalamazoo, MI, USA) . The dPGE was diluted with sufficient normal 
saline to achieve a concentration that permitted the desired dose 
of drug to be administered in a final volume of 0.25 ml. The dPGE 
was injected intraperitoneally through a 25-gauge needle. 

Indomethacin was generously supplied by Merck Sharp & Dohme 
(Columbus, OH, USA/ . The indomethacin was also diluted with 
sufficient normal saline to achieve a final concentration that 
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permitted the desired dose to be administered in a final volume of 
0.25 ml. The indomethacin was injected intraperitoneally through 
a 25-gauge needle. 

Sepsis models. Six sepsis models were chosen, all of which 
utilized intraperitoneal injections of varying quantities of 
Escherichia coli organisms. The E. coli were cultured in 
trypticase soy broth at 37°C for 16 h and then centrifuged at 3000 
r.p.m. for 5 min. The supernatant was decanted and the E. coli 
pellet resuspended in a sufficient volume of saline to achieve the 
desired concentration of organisms. For the C3/HEN mice, two 
quantities of the E. coli were tested. For the first, IxlO7 c.f.u. 
of the E. coli organisms were given intraperitoneally in a volume 
of 0.5 ml saline. For the second, 1x10® c.f.u. of the E. coli were 
given in 0.5 ml of saline. 

The E. coli organisms were administered at four concentrations 
to the C3/HEJ mice. For the first, IxlO7 c.f.u. in 0.5 ml of 
saline were given. The second was IxlO8 c.f.u. in 0.5 ml of 
saline. For the third, IxlO9 c.f.u. in 0.5 ml of saline were 
given. The final concentration was IxlO10 c.f.u. in 0.5 ml of 
saline. 

In each of the peritonitis models, the mice were randomized to 
one of four drug treatment groups. The first received twice daily 
injections of 0.25 ml of normal saline intraperitoneally. The 
second received twice daily intraperitoneal injections of 4 mg/kg 
of indomethacin dissolved in 0.25 ml of saline. The third group 
received twice daily injections of 50/¿g/kg of dPGE dissolved in 
0.25 ml of saline intraperitoneally and the final group received 
twice daily injections of 100Mg/kg of dPGE dissolved in 0.25 ml of 
saline intraperitoneally. Table 1 lists the number of animals in 
each drug treatment group for each of the models. 

With each model, the mice were followed for seven days after 
peritoneal challenge to determine mean survival times and absolute 
survival rates. Those mice surviving to seven days had previously 
been noted to have no further mortalities. For the calculation of 
mean survival times, the mice which survived seven days were given 
a survival time of seven days. 

All data are presented as mean ± SEM. Comparisons among 
groups were performed using chi-square and Kruskal-Wallis tests. 

RESULTS 

The C3/HEN mice challenged with IxlO7 E, coli c.f.u. had a 
100% survival rate in the saline control group, the 50/¿g/kg dPGE 
treatment group and the 100/ig/kg dPGE treatment group (Table 2) . 
Those mice receiving indomethacin had a decreased survival rate of 
16% (PCO.OOl). The mean survival time for the indomethacin-treated 
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mice was also significantly decreased when compared with the other 
groups (P<0.0001) (Table 2). 

For C3/HEN mice challenged with IxlO8 _coli c.f.u., the 
survival rates of the saline-treated and 50A*g/kg dPGE treated 
groups were 8% (Table 2) . The indomethacin treatment groups had a 
0% survival rate and the mice treated with 100fjq/kq of dPGE had 
survival rate of 32%. These differences were statistically 
significant (PcO.Ol). The increased mean survival time of the mice 
treated with 100/¿g/kg of dPGE (Table 2) was also statistically 
significant when compared with the other groups (P<0.005). 

The C3/HEJ mice injected with IxlO7 E. coli c.f.u. had a 94% 
survival rate in the saline treatment group (Table 3) . Both the 
50/ig/kg and the 100/ig/kg dPGE treatment groups had an 84% survival 
rate. The indomethacin-treated mice had a 76% survival rate. 
These differences were not statistically significant. The 
differences in the mean survival times among these four groups were 
also not statistically significant (Table 3) . 

TABLE 1. Number of mice used for each sepsis model (represented 
by colonies of E. coli) in each treatment group 

C3/HEN Mice 
Treatment group IxlO7 IxlO8 

C3/HEJ Mice 
IxlO7 1x10* IxlO0 IxlO10 

Saline 35 25 
Indomethacin 25 25 
50 Aig/kg dPGE 25 25 
100 A¿g/kg dPGE 25 25 

50 25 
25 25 
25 25 
25 25 

50 25 
25 25 
50 25 
50 25 

TABLE 2. Mean survival times (mean ± SEM) and survival rates 
in C3/HEN mice challenged with IxlO7 or 1x10s colonies of 
E. coli 

—1x10' IxlO8 
Mean survival Survival Mean survival 

Survival 
Treatment group time (days)**** rate(%)** time(days)*** rate%* 

Saline 
Indomethacin 
50 A*g/kg dPGE 
100 //g/kg dPGE 

7.00+0.00 
2.88+0.44 
7.00+0.00 
7.00+0.00 

100 1.-52+0.33 8 
16 1.16+0.13 0 

100 1.52+0.33 8 
100 2.92+0.57 32 

**** P<0.0001; ** P<0.001; *** P<0.005; * P<0.01. 
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For C3/HEJ mice challenged with IxlO8 E. coli c.f.u., the 
indomethacin treatments significantly decreased both survival rates 
and mean survival times (Table 3) . The 44% survival rate was 
statistically significant (P<0.001), as was the 4.64 ± 0.45 day 
mean survival time (P<0.0001) when compared with saline and dPGE 
treatment groups. 

The detrimental effect of indomethacin treatment was also 
demonstrated in the C3/HEJ mice challenged with IxlO9 E. coli 
c.f.u. (Table 3). Both the 4% survival rate and the 3.28 ± 0.26 
day mean survival time were statistically significant when compared 
with the other three groups (P<0.001 for survival rates and 
P<0.0001 for mean survival times). 

Finally, at the IxlO10 E. coli c.f.u. challenge, indomethacin 
treatment adversely affected survival in the C3/HEJ mice. With 
this quantity of bacterial challenge, the indomethacin-treated mice 
had a 16% survival rate and a 3.68 ± 0.40 day mean survival time, 
which were both statistically significant when compared with 
remaining groups (PCO.OOl for survival rates and PCO.OOOl for mean 
survival times). 

DISCUSSION 

Infection remains a major cause of morbidity and mortality 
following thermal injuries. The immunosuppression seen following 
burns is one of the main reasons for this elevated infection rate. 

Elevated PGE levels have long been thought to be a con¬ 
tributing factor to the immunosuppression seen in burn patients 
because of the high levels demonstrated in burn patient serum and 
because of its toxic effects on leucocyte function in studies in 
vitro. 

Attempts to quantitate the contribution of PGE to the postburn 
immumosuppression have been thwarted by the extremely short half- 
life of parenterally administered PGE. To avoid this limitation, 
we have utilized a long-acting derivative of PGE (dPGE) to quanti¬ 
tate the contribution of elevated PGE levels to susceptibility to 
infection-related mortality. 

We have previously reported that the administration of dPGE to 
Lewis rats increased survival rates in an E. coli peritonitis model 
(7). This beneficial effect appears due, at least in part, to an 
increased resistance to endotoxin shock (8) when treatment with 
dPGE commenced prior to endotoxin challenge. When the administra¬ 
tion of dPGE was delayed until after endotoxin challenge, the 
protective effect was no longer apparent. It was further shown 
that pretreatment with the PGE synthesis inhibitor indomethacin 
decreased survival rates in Lewis rats challenged with endotoxin 
(9) . The protective effect of dPGE in endotoxin shock appears due, 
at le-.st in part, to its ability to decrease the rate of release of 
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tumor necrosis factor (8). Finally, the administration of dPGE 
appears to exert a beneficial effect in septic rats by triggering 
an amino acid flux from skeletal muscle protein to acute phase 
proteins (10,11). 

Our current studies have attempted to determine whether the 
beneficial effect of dPGE administration is a species-specific 
trait of rats. To answer this question, two strains of mice were 
utilized. The first group, C3/HEN mice, are endotoxin sensitive 
and the second group, C3/HEJ mice, are endotoxin resistant due to 
their inability to synthesize tumor necrosis factor in response to 
endotoxin exposure (12). 

The results with C3/HEN (endotoxin—sensitive) mice demon¬ 
strated a protective effect of elevated PGE levels as evidenced by 
an increased survival in those animals receiving the dPGE and 
decreased survival among those receiving indomethacin. These 
findings strongly suggest that the previously demonstrated 
beneficial effect of dPGE administration in septic rats is not a 
species-specific response. 

In C3/HEJ (endotoxin-resistant) mice, there was no significant 
mortality in the saline treatment groups, even at the IxlO10 c.f.u. 
of E. coli challenge. The ability of this strain of mouse to 
resist such a high concentration of E. coli organisms is probably 
due, at least in part, to its inability to synthesize the highly 
toxic macrophage metabolite tumor necrosis factor following the 
endotoxin exposure. As such, this prevented any possible 
demonstration of a beneficial effect of dPGE administration. 

It was, however, noteworthy that indomethacin treatment of the 
C3/HEJ mice did result in a significant decrease in survival in 
three of the E. coli peritonitis models. Since C3/HEJ mice are not 
capable of synthesizing tumor necrosis factor, the detrimental 
effect of indomethacin cannot be attributed to the PGE/tumor 
necrosis factor interaction which has previously been demonstrated 
in rats (8) . The increased mortality rate in the indomethacin- 
treated mice may be due to the effect of indomethacin on blood flow 
to various organs, on release of other toxic compounds of 
leucocytes in response to bacterial endotoxin exposure, or on the 
inhibition of the normal physiological response to sepsis. Such an 
inhibition has previously been demonstrated in burned septic rats 
treated with the cyclo-oxygenase inhibitor ibuprofen (13). The 
rats which received ibuprofen in that study failed to show the 
normal hypermetabolic response to sepsis and had a significantly 
higher mortality rate when compared to the rats treated with 
saline. Fink et al. reported that the use of cyclo-oxygenase 
inhibitors prevented the normal hyperdynamic response in septic 
dogs (14). When one considers the increasec physiological workload 
septic patients must accomplish, the benafits of preventing a 
hyperdynamic/hypermetabolic state must be questioned. Further 
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studies will be required to determine the contribution of these 
factors to the increased mortality rate. 

In conclusion, the elevation of PGE levels seen in burn 
patients may be a normal physiological response of the body to 
protect against infection-related mortality which is so common in 
burn patients. Attempts ro decrease the rate of PGE synthesis in 
the burn patient through the use of cyclo-oxygenase inhibitors may 
only increase the mortality rate in those patients who develop 
infections. Further studies delineating the physiological 
importance of PGE in sepsis should be undertaken prior to 
initiation of trials using cyclo-oxygenase inhibitors in septic 
patients. 
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ceftazidime as monotherapy in infected burn patients continued. A newly 
described beta lactamase with activity against most of the third generation 
cephalosporins was identified in several isolates. The gene coding for the 
enzyme appeared chromosomal. The enzyme had an isoelectric point of 6.3. 
Investigations inte the mechanisms of antimicrobial activity of mafenide 
acetate showed the compound was not an antagonist of dihydropteroate 
synthetase. This finding confirmed other biologic data, indicating that 
mafenide acetate is not a typical sulfonamide. 

(U) 8810 - 8909. The mechanisms of resistance to the antimicrobial 
action of phosphanilic acid and sulfonamides have been examined using DNA 
probes specific for two plasmid-mediated cihydropteroate synthetase genes 
(Rldrdl9 and GS04) . Examination of sulfonamide—resistant burn isolates 
showed that 97.9% were reactive (95/97) with the probes. None of the 
sulfonamide-sensitive control strains reacted with the probes. Phosphanilic 
acid cross—resistance was 24.7% (24/97). Transfer of sulfonamide resistance 

DD 9F3°m\Mr I«»« EDITION OF MAR 68 IS OBSOLETE. » USQPO iMt-491-003/50329 
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CONTINUATION OF DD FORM 1498 FOR THE PROJECT ENTITLED "ALTERATION 
OF HOST RESISTANCE IN BURNED SOLDIERS" 

plasmids showed that only plasmids with the GS04-specific probe 
co—transferred phosphanilic acid resistance. 

(U) 8910 - 9009. Pulsed-field gel electrophoresis technology 
(PFGE) has been added to the molecular epidemiology techniques 
available at this Institute. This new technology allows DNA 
mapping of whole microbial chromosomes by identifying contiguous 
fragments produced by selective restriction enzyme digestion. This 
method allows endemic strains independent of the extra-chromosomal 
elements they may contain to be identified. PFGE was used to 
identify a single-source endemic of Serratia marcescens that could 
not be investigated using antibiotic resistance patterns or plasmid 
profiles. 
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ALTERATION 07 HOST RESISTANCE IN BURNED SOLDIERS 

N«w Antibiotics in Clinical Usa. The parenteral antibiotic agents 
Ceftazidime, Ceftriaxone and Aztreonam were introduced for 
(nonprotocol) clinical use during this reporting period. As shown 
in Table 1, no increase in in vitro resistance resulted from the 
use of these agents. In fact, all three parenteral agents showed 
a significant improvement in sensitivity when compared to the 
previous reporting period (p<0.05). These improvements were most 
likely the results of decreases in cross-contamination of resistant 
strains that resulted from increased awareness of the presence of 
such strains. 

TABLE 1. Activity on Newly Released Antibiotics Fiscal Year 1990. 

FISCAL YEAR 1986 1987 1988 1989 1990 

CEFTAZIDIME® 

480 (15.4%) 
2,633 

CEFTRIAZONE® 

Resistant 
Sensitive 

Resistant 
Sensitive 

Resistant 
Sensitive 

63 (6.4%) 
928 

157 (16.8%) 
928 

1 (0.0%) 
928 

80 (6.7%) 
1,106 

167 (14.4%) 
1,106 

81 (7.1%) 
1,106 

843 (37.0%) 
2,633 

AZTREONAM® 

540 (33.9%) 
1,053 

630 (21.0%) 
2,267 

737 (24.6%) 
2, 633 

616 (37.6%) 
1,022 

367 (11.1%) 
2, 953 

531 (16.0%) 
2, 787 

381 (17.3%) 
1,891 

0^“Percent resistant. ® Against all flora except oxacillin-resistant Staphylococcus 

Experimental Topical Agents. Mafenide acetate was examined 
for in vitro activity against Pseudomonas aeruaionosa isolated from 
43 burn patients. Agar dilution minimal inhibitory concentraton 
(MIC) assays were completed on 202 strains. The mean MIC was 0.385 
g/100 ml. The median MIC was 0.312 g/100ml. Data comparing the 
past three reporting periods are presented in Table 2. 

A new active Mafenide compound has been synthesized at USAISR. 
The compound is designated ISR—55. Details of the structure and 
synthesis process will be released after completion of the U.S. 
Patent process. Summaries of therapeutic trials in infected burned 
rats are presented in Tables 3,4,5. 
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TABLE 2. Minimal Inhibitory Concentration for Pseudomonas 
aeruginosa Strains to Mafenide Acetate 

Mafenide Acetate 
Concentration No. of Strains No. of Strains No. of strains 

(g/100 ml) FY 1988 FY 1989 FY 1990 

0.019 10 24 

0.039 16 11 

0.078 36 26 

0.156 39 50 

0.312 42 59 

0.625 13 23 

1.250 2 

Total Number of Strains 158 193 

7 

19 

17 

55 

66 

2 

6 

202 

TABLE 3. Relative in vivo Antimicrobial Activity of Compound 
ISR-55 Against Pa. aeurqinosa strain 59-1244. 

EXPERIMENTAL PERCENT 
GROUP MORTALITY SURVIVAL 

BURN CONTROL 1/63 98.4 

INFECTED CONTROL 56/60 06.7 

0.25% ISR-55 0/9 100.0 

0.50% ISR-55 0/9 100.0 

1.00% ISR-55 1/19 94.7 

2.00% ISR-55 6/61 90.2 

SULFAMYLON 9/61 86.7 

SILVADENE 5/62 93.4 
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TABZiE 4. Relativ« in vivo activity of ISR-55 Against Ps 
aaruginosa strain VA-134. 

EXPERIMENTAL PERCENT 
GROUP MORTALITY SURVIVAL 

BURN CONTROL 1/24 

INFECTED CONTROL 24/24 

2.0% ISR-55 3/24 

11.1% SULFAMYLON 12/24 

1.0% SILVADENE 12/24 

95.8 

00.0 

87.5 

50.0 

50.0 

TABLE 5. Relative in vivo Activity of ISR-Against Proteus 
mirabilis. * 

EXPERIMENTAL ~ PERCENT 
GROUP MORTALITY SURVIVAL 

BURN CONTROL 0/34 

INFECTED CONTROL 34/35 

2.0% ISR-55 2/34 

11.1% SULFAMYLON 24/34 

1.0% SILVADENE 10/34 

100.00 

02.8 

94.1 

29.4 

58.8 

Modification of the Standard Burned Infected Animal Model by 
alone or in Combination with Wound Excision. The 

possible therapeutic effects of the antipseudomonal penicillin 
Piperacillin in delayed treatment of Ps. aeruginosa stain 59-1244 
infected burned rats was investigated. Animals were infected 
within one hour postburn and antibiotic treatment (50 mg 2X/day 
S.C.) was initiated at 24,48,72 hours post inoculation and 
continued for seven days. The possible combined effect of excision 
of the infected wound at 72 hours with initiation of antibiotic 
treatment was also examined. Results are presented in Table 6. It 
appears that parenteral Piperacillin at a daily dose of 100mg/K is 
effective in treating Pseudomonas burn wound infection at up to 48 
hours post inoculation. Excision of the infected wound with 
Piperacillin at 72 hours post inoculation appeared to extend the 
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therapeutic effect by at least one day. These experiments will be 
extended and include a control for the possible effects of excision 
alone. 

TABLE 6. Examination of Piperacillin (PIP) Activity in the Pa. 
aeuroinosa 59-1244 Burn Rat Model. 

EXPERIMENTAL PERCENT 
GROUP MORTALITY SURVIVAL 

BURN CONTROL 0/10 

INFECTED CONTROL 10/10 

PIP 24 HOUR DELAY 1/10 

PIP 48 HOUR DELAY 0/10 

PIP 72 HOUR DELAY 6/10 

PIP 72 HOUR DELAY + 
EXCISION OF WOUND 1/10 

100.00 

00.00 

90.0 

100.0 

40.0 

90.0 

Serologic Types of Paeudomonaa aeruginosa Isolated from Burn 
Patients During FY 1990. Pseudomonas aeruginosa isolated from 53 
burned patients were serotyped using the Difco International 
Typing Sera set and autoclaved bacterial suspensions. Strains were 
selected on the basis of having a distinct antibiotic sensitivity 
pattern for each patient. Data are presented in Figure 1 as the 
total number of patients per serotype and as total strains of each 
serotype in Figure 2. 
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FY 1990 PSEUDOMONAS ISOLATES 

1 3 4 5 6 7 8 9 10 11 12 13 15 16 17 18 

O-SEROTYPE 

YXGORK 1. Histogram display of the frequency of FY 1990 P 
âêpyqinqsa O-serotypes (International). Type 18 
indicates all strains not typeable by the standard 17 
typing sera. 
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20 

FY 1990 PSEUDOMONAS BY PATIENT 

15 

10 

5 

0 
1 2 3 4 5 6 7 8 9 10 li 12 I3 I4 x5 ^ ^ ^ 

O-SEROTYPE 

FIGUR* 2‘ aaruainosa O-serotypes (International) bythe nu^ber^of 

typing sera. 
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Several fluorescent substances are present in the serum of 
burned patients. We have previously reported that one of these 
substances is neopterin. In an attempt to determine whether 
neopterin might be useful as an indicator of infection, a pre¬ 
liminary study of selected sera from human burned patients was 
done. We measured the concentration of neopterin by reverse phase 
high pressure liquid chromatography (HPL). Extremely high serum 
neopterin levels were correlated with high levels of serum 
creatinine and presumed to indicate renal insufficiency. All 
samples with high creatinine (greater than 2 mg/dL) were eliminated 
from the study. We then retrospectively determined whether 
infection had been diagnosed at the time the sample had been taken 
and whether serum neopterin levels could be correlated with the 
infection. Serum neopterin was increased as early as ten days 
before infection diagnosis and remained elevated for approximately 
three weeks after. Elevated neopterin levels correlated best with 
samples from patients with bacteremia. 
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CHARACTERIZATION OF BIOCHEMICAL INDICATORS OF INFECTION 
IN THE THERMALLY INJURED 

INTRODUCTION 

tiin4POSeS a .serious threat to all severely burned 
and t Persistent obstacle to successful therapy. 

£a«-dia?nOS1S •°f 1infectlon is crucial for timely treatment and 
i b L.SUr,lÍVal‘ Systemic changes induced by burn injury, 

aA leukocytosis and fever, hamper the early detection of 
systemic infection and make its diagnosis more difficult. Rapid 

detectlon of infection could provide diagnostic 
m?™i°aï10" m°re P^Ptiy than is currently possible with standard 
microbiologie techniques. 

We have measured serum neopterin levels in a selected group of 
burn patients and related those measurements to the presence or 
absence of infection in those patients. 

MATERIALS AND METHOnR 

.,. . Pati®nt soples for study were remnants of serum samples that 
d^aWn f0r c}in.lcal chemistry analysi.,. The samples were 

analyzed for neopterin content and computer records were 
retrospectively screened to determine the date and type of 
infection episodes experienced by each patient. 

moi-K ^e01Vrteer*.in 1®vel,S were determined by a modification of the 
aHHW onfn fne%^ ^ ’ (:L).• Serum (10° ^1) was deproteinized by 
100°c9in0an^(°if h.Vlh VCe^° a-0i<i <fil>al PH 4-5> incubating at 
9n°nnn« A °on bath f°^ 20 The mixture was centrifuged at 

f0r 22 ra-iin* and 10 of the supernatant was injected 
SViStn1?^ Packard <3200 Hillview Avenue, Palo Alto, CA 

a Sv?ïn1090 chromatograph with a Biophase ODS reverse 
P?as® ¿:fX25J ^ colnmn (Bioanalytical Systems, W. Lafayette, IN). 
The mobile phase consisted of .05M ammonium acetate (pH 7.0) for 7 

ÍÍÍ:- f0l"0Wed by a m®thano1 gradient reaching 30% in 4 min. Column 
m?7S?n ^ waa maintained at 45°C and the flow rate was 1.0 

J?® «PL WaS e<*ulPPed with a Kratos (Kratos Analytical, 
Ramsey, NJ) fluorescence detector, model 980 with a 25 jil flow 
ceil. The excitation monochronometer was set at 350nm and the 

sï'anHiiS CU4t0fif fil/o®r was at 389nm- The retention times for 
standard pterins (Sigma Chemical Co., St. Louis, MO) were 

nn7mTnined<PhUSin9 10 °f a standard solution of pterins (10 
2?fml • ^The amount of each fluorescent substance present was 
determined, using a Hewlett Packard model 3392A integrator. 

RESULTS 

During the course of developing techniques to quantify serum 

berantfini-hy 3 .group of burned patient sera had been selected 
cause they had increased levels of fluorescence after acid 
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precipitation of tt.e serum proteins. Neopterin concentration had 
been measured in each of these sera. As a preliminary evaluation 
of the usefulness of neopterin in infection diagnosis, these 
neopterin values were compared to the clinical microbiology 
information that was available for these patients. 

Large increases in fluorescence were usually related to the 
deterioration of the patients condition (2) and the probable onset 
of renal failure. Neopterin is normally rapidly removed from the 
blood stream and excreted in the urine. Since renal failure is 
frequently a complication in failing patients, there was a concern 
that the increased fluorescence and neopterin concentration might 
be due to renal failure and not to infection. In order to examine 
the correlation between renal function and neopterin levels, we 
obtained serum creatinine values on each sample for which serum 
neopterin had been determined. When serum creatine levels were 
high (above 2mg/dL), serum neopterin levels were also high (Figure 
1). These samples were presumed to have come from patients with 
renal insufficiency. The serum creatinine and the natural log of 
the serum nespterin concentration were highly correlated 
(correlation coefficient (R2) = .415). When serum creatinine 
levels were low (<2mg/dL), there was little correlation between 
serum neopterin and serum creatine (Figure 2) . The correlation 
coefficient was only 0.0217. Serum creatinine was used as a 
screening tool to select only those serum samples for analysis that 
were from patients with relatively good renal function. All 
samples with creatinine levels of 2.0 mg/dL or higher were excluded 
from the infection analysis. 

There were 237 serum samples selected for this study. Of 
these, 30 samples had serum creatinine levels of 2 mg/dL or above 
and were removed from further analysis. The remaining 207 samples 
were from 19 patients. Of the 19 patients all but two experienced 
at least 1 infectious episode during the period when samples were 
collected. Most patients had more than one infection. The number 
and types of infections are shown in Table 1. 

TABLE 1. Number and Type of Infections. 

# Occurrences Type 

Cellulitis 
Pneumonia 
Wound 
Bactremia 
Urinary Tract 
Miscellaneous 
No-infection 

6 
14 
3 
4 
5 
7 
0 

# Patients 

6 
11 
3 
4 
4 
5 
2 

# Samples 

14 
61 
31 
23 
34 
40 
4 

Miscellaneous infections included: bronchitis, eye infection, 
subcutaneous abscess, infection site unknown. 

289 



The mean neopterin concentrations from patients who had 
experienced various types of infections are shown in Figure 3. 
Samples from patients who experienced episodes of bacteremia had 
the highest levels of serum neopterin compared to samples from 
patients with other infections or no infection. The results were 
then analyzed with respect to time of infection diagnosis. As 
shown in Figure 4, mean serum neopterin concentrations from all 
patients with infections were highest in the periods from 10 days 
before infection to 19 days after infection compared to samples 
taken from other periods of time. P 

If we restricted the samples used in calculating the means of 
each type of infection to the period from ten days pre-infection to 
19 days post infection as shown in Figure 4, bacteremia remains the 
only mean significantly different from the means for other 
infection types or no infection (p <.001). A temporal depiction of 
•fuCwUrSe of,sefum neopterin concentrations for the four patients 

with bacteremia is shown in Figure 5. Serum neopterin was elevated 
as early as 9 days before the diagnosis of bacteremia and gradually 
declined after the sixth day post diagnosis. 

DISCUSSION 

Neopterin is secreted by activated cultures of mononuclear 
leukocytes and is excreted in increased amounts by humans whose 
immune systems are responding to viral infection (3) including HIV 
(4,5), or tuberculosis (6). Neopterin has been used as a 
prognostic indicator for certain kinds of cancer (7) and as a 
measure of transplant rejection (8). Despite its widespread 
presence, no physiological role for neopterin has been found Its 
precursor, dihydroneopterin triphosphate, is also a percursor of 
tetrahydrobiopterin which is a cofactor in hydroxylation reactions, 
particularly the hydroxylation of phenylalanine to form tyrosine, 
the precursor of serotonin and the catecholamines. 

We have previously shown that serum neopterin levels in human 
burn patients are correlated with the levels of fluorescent factors 
previously discovered (2). These factors had been postulated to be 
potential indicators of infection in burned animals (9) 

, preliminary evaluation indicates that neopterin may be a 
potential indicator of bacteremia. The values were consistently 
elevated over the few days before and after the diagnosis of 
•fveíemia sePsls- However, this study included only four patients 

with bacteremia and two without any infection at all. More patient 
data needs to be collected to show definitively whether neopterin 
would be useful in determining the presence of bacteremia or other 
types of infection. A larger prospective study is underway to 
collect these data and determine if there is a correlation between 
serum neopterin levels and the presence of infection. 
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(U) 8810 - 8909. Serum thyroxine (T4) and 
triiodothyronine (T3), in vitro T3 uptake (T3U), dialyzable 
fractions of T4 and T3, and thyrotropin (TSH) were measured 
r received a 17% total body surface area 
£,!i 1Ckness standard scald burn or sham burn. The initial 
T4 and T3 fall was not TSH-dependent, as TSH was elevated at 
1-2 days. Burn suppression of total T4 and T3 was greater than 
that explainable by variations in food intake. lodothyronine 
binding was inhibited first (6 h, 1 day) to serum proteins and 
then later also to the T3U test matrix, compatible with a 
circulating inhibitor which changes character with time after 
burn. In another study, rats received a 25% burn (or sham) and 
infusions with either T4 or diluent until sacrificed at 6 days. 
Thyroidectomized controls received similar infusions. Serum 
TSH was inversely related to T4 and free T4, but in burned rats 
relatively more depressed than explained by normal feedback. 
Thus, after a transient early rise in TSH, burn injury appears 
to enhance negative feedback control of the TSH-thyroid axis, 
possibly contributing to suppression of the axis. 

,, (U) 8910 - 9009. Changes in thyroxine (T4) and 
triiodothyronine (T3) disposal rates (kinetics) may constitute 
a portion of postburn thyroid axis abnormality. Usual methods 
to measure the amount of a radioactive tracer hormone present 
in serum have deficiencies related to specificity, recovery, 
and/or technical difficulty of the procedures. We are 
assessing a direct immunoprécipitation method involving 
reaction of tracer-spiked serum aliquots with four 
concentrations (including zero) of specific antibody and 
counting of the precipitation for logistic determination of the 
au*?Uu " tracer present. An antibody for T3 was found for 
which the amount of unlabelled T4 or T3 in the low or normal 
range and the amount of added T4 or reverse T3 radioactivity 
did not affect the determination of tracer T3. For T4 tracer 
determination, reaction of a T4 antibody with samples with low 
or normal unlabelled T4 and T3 gave the same result, and the 
proportion of total radioactivity precipitated was dependent on 
the radiochemical purity of the source of T4 label. If further 
testing confirms specificity and reliability of recovery, this 
W1j Pr?vi®e a roethod of measurement for kinetic studies of T4 
and T3 in burn injury. in addition, a new direct method for 
determining free T4 by dialysis is being evaluated. 
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ABSTRACT 

PROJECT NUMBER: 3M161102BS14-00, RESEARCH 

PROJECT TITLE: ROLE OF THYROID HORMONES IN BURN PATHOPHYSIOLOGY: 
Quantifying Isotopically Labelled Tracer Thyroxine 
(T4) in Serum By Immunoprécipitation and Logistic 
Regression 

INSTITUTION: US Army Institute of Surgical Research, Fort 
Sam Houston, San Antonio, Texas 78234-5012 
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Rita King 
Leonard G. Seraile 

These studies were done to lay the groundwork ultimately 
leading to assessment of thyroid hormone kinetics in burn injury. 
Conditions were found in which a monoclonal T4 antibody together 
with a second antibody directed against the T4 antibody can 
precipitate up to 82% of the radioactivity added to a serum sample, 
apparently depending on the radiochemical purity of the source of 
radioactively labelled T4. These pilot results with this T4 
antibody system indicate that tracer binding at higher antibody 
concentrations (near those producing maximal binding) is similar 
among samples, although samples with more unlabelled T4 may have 
relatively inhibited tracer T4 binding at lower antibody 
concentrations. This was shown also by the similar projected 
maximal binding (PBmax) from logistic regression for charcoal 
thyronine-stripped serum (CTSS) and pooled rat serum (PRS), and for 
CTSS and normal human serum (NHS), when the same tracer source was 
used. This suggests that variation of unlabelled T4 in the range 
expected for normal and burned individuals (who often have low T4) 
may not affect the determination of the quantity of radiolabelled 
T4 previously added to a sample as performed by this technique. 
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QUANTIFYING ISOTOPICALLY LABELLED TRACER THYROXINE (T4) IN SERUM 
BY IMMUNOPRECIPITATION AND LOGISTIC REGRESSION 

INTRODUCTION 

Because of the marked alteration of thyroid function in burn 
injury (1) wherein the mechanism for the circulating T4 deficit is 
not yet understood/ it will be important to assess thyroid hormone 
kinetics in burn injury. If radioactively labelled T4 is injected 
into an animal as a tracer for the purpose of determining clearance 
and secretary rates of T4, there is a need to measure the amount of 
labelled T4 in the presence of unlabelled T4 and labeled T4 
metabolites. Methods involving differential extraction, column 
separation, or HPLC have been fraught with problems related to 
recovery, specificity, or inordinate complexity. A potentially 
simple method has been proposed in this laboratory, involving use 
of antibody precipitation and logistic regression. This method 
determines the amount of labelled T4 in a serum sample by reacting 
several aliquots of the serum containing the labelled T4 with 
several different dilutions of T4 antibody in a radioimmuno¬ 
précipitation assay where the labelled T4 bound to the T4 antibody 
can be precipitated and separated from the labelled non-T4 
material. The counts (counts per min, cpm, radioactivity of 
tracer) in a given precipitate should then represent some portion 
of the total T4 radioactivity in the sample. An initial approach, 
described herein, involves "spiking" a serum sample with a constant 
tracer amount of radioactive (125I-labelled) T4 from a label source. 
This source, however, may contain 125l not in T4 molecules. Greater 
amounts of T4 antibody would be expected to precipitate greater 
amounts of tracer. The measurements can be expressed as percent of 
total cpm precipitated or bound with a given amount of antibody. By 
plotting the percent bound (PB) against an index of the quantity of 
antibody, determined by the antibody dilution, the PBmax where all 
the labelled T4 would be antibody—bound can be extrapolated from 
the curve. This represents the amount of labelled T4 in the serum 
sample. 

This method for determining the quantity of labelled T4 in a 
serum sample requires a T4 antibody system that can bind most of 
the labelled T4 in a serum aliquot even in the presence of varying 
amounts of unlabeled T4. This report describes some of the steps 
taken to develop a system with sufficient binding of labelled T4 
with T4 antibody in the presence of low or normal amounts of 
unlabelled T4 for trial runs of a four-parameter logistic 
regression to extrapolate the quantity of labelled T4 (expressed as 
PBmax) in a serum sample. The principles outlined in the published 
literature were used for guidance for designing antibody reactions 
(2—4) and logistic analysis (5). For the latter, we used the PAR 
routine of the BMDP software (6) on a VAX 3400 computer. 
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METHODS 

The reaction mixture components were patterned after those in 
conventional radioimmunoassays (RIA) for iodothyronines and more 
specifically after those used successfully in a previous 
investigation of a logistic approach for determining 
triiodothyronine (T3) tracer levels in serum. Charcoal-thyronine- 
stripped serum (CTSS) of human origin containing only 0.4 ^ig/dl T4, 
obtained from Chemicon, was spiked with 125I-T4/ 2700-58,000 cpm per 
50 pi aliquot. Several tracer sources were used: a) DuPont 
Company, NEX111X, high specific activity, 4400 Ci/mmol, lot 
AV62200, approximately two months old; b) Nichois Institute kit for 
free T4 by dialysis, one week postexpiration; c) Same as source a, 
except partially purified by ammonium sulfate precipitation as 
mentioned in "Results"; d) DuPont Company, NEX-111, low specific 
activity, 116 Ci/mmol, lot AT82400, approximately two weeks old. 

Fifty microliters of tracer spiked CTSS was placed in a 12 X 
75 mm glass test tube. Twenty-five microliters of a 1.25 mg/ml 
solution (in assay buffer, see below) of 8-aniline-l-naphthalene 
sulfonic acid, ANS, was added to the test tube, followed by 50 ^1 
of a T4 antibody diluted in assay buffer. Antibody sources are 
mentioned in "Results". ANS frees thyronines from serum binding 
proteins for better access between the T4 and the antibody. The 
contents of the test tube were vortexed and incubated. After this 
first incubation, the test tubes were brought to room temperature 
in a water bath if the incubation temperature had been different. 
Then, 50 Jll of a 2% normal rabbit or 1% normal mouse serum 
(carrier) was added, depending on the type of T4 antibody (produced 
in rabbit or mouse, respectively). This carrier serum has 
nonimmune gamma globulin which greatly increases the mass of 
antibody—like protein as the target of the second antibody that 
precipitates the T4 antibody along with the carrier globulin. The 
tubes were vortexed. Fifty microliters of a dilution of anti¬ 
rabbit (Sigma, R0881) or anti-mouse (Chemicon, AB26) gamma globulin 
(2nd antibody) was added to the tubes and vortexed. To promote 2nd 
antibody reaction and facilitate precipitation and separation of 
bound T4 from unbound T4, 400 )ll of a 6% polyethylene glycol (PEG) 
solution was added to the tubes and vortexed. The tubes were 
incubated (second incubation) at room temperature for 5 or 15 
minutes before adding a further 300 |il of PEG for adequate 
decanting volume. The test tubes were centrifuged at 2000G for 15 
minutes at 4°C before decanting and counting of the precipitates in 
a well type scintillation gamma detector. The assay buffer was 
0.075M barbital with 0.1% gelatin, pH 7.85, containing NaN3 0.05%. 
Assays were carried out in duplicate or triplicate and means are 
given in the tables. The logistic analysis is explained under 
"Results". 
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RESULTS AND DISCOSSION 

To obtain binding of tracer T4 in CTSS, different polyclonal 
T4 antibodies (developed in rabbit) from different companies 
(including Diagnostic Products No. 814 and Chemicon AB101) were 
tested. It was not possible to achieve greater than 50% binding 
with any of these polyclonal antibodies at a dilution compatible 
with adequate availability of the antibody for further use. The 
two antibodies mentioned above gave no more than 6% binding at any 
dilution. However, a mouse monoclonal antibody (Chemicon MAB086- 
156/7, lot 0629890CH2), appeared promising. In order to find the 
antibody dilution with the highest percent binding (near the PBmax) 
in the assay, serial dilutions of the antibody were made for 
incubation with tracer-spiked CTSS under the conditions specified 
in Table 1. Results in Table 1 suggested that PBmax appeared to be 
with T4 antibody dilution in the range of 1:100 to 1:400. To 
improve the 52% binding, other variables of the assay still needed 
to be modified. 

Since it was possible that not all of the T4-bound first 
antibody was being precipitated, the next step was to use different 
dilutions of the second antibody, goat anti—mouse gamma globulin 
(GAMGG) . The results from this test are shown in Table 2. The 
highest binding occurred with 1:15 dilution. This dilution was 
used in further testing. 

Other variables in the assay that had the potential to improve 
the binding were the first incubation time after adding the T4 
antibody and the temperature of this incubation. Some results of 
testing these variables are shown in Table 3. These and other 
results indicated no differences in PB among conditions. One-hour 
incubation was chosen for convenience in further testing. 

The next step was to observe the binding with use of a sample 
of normal human serum (NHS) containing 7.8 (ig/dl T4. NHS was 
spiked with I-T4 and exposed to different dilutions of antibody 
and different incubation temperatures. The results from this trial 
are shown in Table 4. Room temperature incubation was chosen for 
further testing. 

Another test was performed to determine binding as influenced 
be extending the 2nd antibody incubation time (after addition of 
400 pi of PEG) from 5 to 15 minutes (both at room temperature) . 
The results are given in Table 5. The extra 10 minutes of 
incubation may have enhanced the binding only slightly if at all. 
It was decided to use a 15-minute second incubation. 

Since labelled T4 must be measured in rat as well as human 
serum, pooled rat serum, PRS, was spiked with a labelled T4 and the 
binding with the T4 antibody was compared to that in spiked NHS and 
spiked CTSS. The results are shown in Table 6. The amount of 
unlabelled T4 in the pooled serum was not directly determined, but 
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was estimated to be about 4 (ig/dl from values obtained in 
individual rats. The data indicated a similar binding with the 
major difference being the binding with the lowest antibody level 
used. 

Persistence of apparent maximal binding considerably less than 
100% made it necessary to check for possible inhibitors in the 
sera. A binding assay was run, comparing spiked pooled serum with 
spiked assay buffer. The results shown in Table 7 are those 
expected in that PRS has unlabelled T4 (and less binding at the 
lower antibody levels), while the assay buffer has no unlabelled 
T4. However, at the 1:400 dilution, the PB in buffer similar to 
that in serum indicates that serum inhibitors do not explain the 
failure of PB to approach 100%. 

Another explanation for this might be radiochemical impurity 
of the tracer, presumably from catastrophic decay and appearance of 
non-T4 radioactivity. Stock label was evaporated in a vacuum 
centrifuge and taken up in CTSS. This is source a. A portion of 
this source of 125I-T4 was cleansed by using 35 g/dl ammonium 
sulfate (2 ml to 0.5 ml labelled CTSS) to precipitate the 125I-T4 
bound to thyroxine binding proteins. The precipitate was extracted 
twice with 1-2 ml ethanol and centrifuged. The supernatants were 
pooled and evaporated. The residue was taken up in fresh CTSS. 
This is source c and was used to spike further test samples. See 
"Methods", first paragraph, for a description of the tracer 
sources. Next, a T4 binding assay was run to compare CTSS spiked 
with cleaned and uncleaned tracer. The results of this assay are 
given in Table 8. The results show much better binding with the 
cleaned label. 

Another source of 125I-T4, low specific activity (source d), 
was tested, and as shown in Table 9, had a much higher percent 
binding. It is likely that this tracer was purer initially, or 
that the high specific activity tracer underwent more catastrophic 
decay before use, though this was not determined. 

Some of the above results give an idea of the PBmax under 
various conditions. However, such values are too inaccurate to use 
quantitatively for several reasons. The quantities of T4 antibody, 
being discontinuous by necessity, may not include that giving the 
actual PBmax. With antibody quantities above that for the actual 
PBmax, PB may fall off due to antibody-excess effects. The fall in 
binding with the highest antibody levels are possible due to 
insufficient second antibody for the amount of T4 antibody plus 
carrier mouse gammaglobulin. The aliquots with T4 antibody in 
amounts just above that for PBmax, which might begin to be thus 
susceptible to underestimates of PBmax, cannot be precisely 
identified. Consequently, data from antibody dilutions below that 
for PBmax, but including PB greater than half-maximal together with 
the PB at zero antibody were combined for a given sample to 
generate a best-fit curve through these observed data. Such a 
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curve, when projected toward an infinite antibody quantity index, 
asymptotically approaches PBmax. This projection was used as a 
quantitative index of PBmax. In this model, PB values were not 
corrected for nonspecific binding (NSB) as given by the PB at zero 
antibody, because NSB (assumed to be a constant fraction of the 
unbound radioactivity) varies from a maximum (without antibody) 
toward zero NSB as the amount of tracer bound approaches 100%. 
Even if non-T4 counts are present in the sample and contribute to 
the PB at high antibody levels, this contribution would only be in 
the range of 2% of the excess counts. Values for binding in the 
data tables are corrected for the PB observed without antibody and 
thus are not precisely the same PB used in the logistic regression. 

A four-parameter logistic regression model (typically fitting 
antibody and other reactions) was used in which the dependent 
variable (ordinate or Y axis) was PB and the independent variable 
(abscissa or x axis) was an index of the quantity of antibody 
present. The latter was used as the product of 1000 X the 
reciprocal of the denominator of the initial antibody dilution (in 
the preparation prior to adding it to the assay) . A VAX 3400 
computer utilizing the BMDP (UCLA) statistical software (PAR) was 
used to fit the data to the expression: 

A - B 
y - _ + B. 

The four parameters obtained are labelled as A, B, C, and D. A 
represents the percent of counts precipitated in the absence of T4 
antibody (buffer substitute). B represents the counts bound 
(projected PBmax) expected for "infinite" antibody activity and 
precipitation of all the labelled T4. C describes the antibody 
quantity index at which PB is half-way between PB with no antibody 
and the projected PBmax. D is an index of the slope at C. 

It was found that if duplicate data for a sample were 
available including those for T4 antibody dilutions down to 1:1600; 
if the antibody dilutions more concentrated than 1:400 were 
excluded from analysis, thereby avoiding the possibility of 
antibody excess in any sample; and if the data with zero antibody 
were included, then the range of data was wide enough to allow a 
logistic fit for serum samples with low or normal unlabelled T4 
concentration (r2 > 0.99). One exception was the data in buffer 
(Table 7) in which PB variation was insufficient for a successful 
fit. Thus, data from zero antibody and antibody dilutions of 
1:1600, 1:800, and 1:400 were used in logistic regressions for 
given serum samples to obtain a (projected) PBmax. 
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Pbmax obtained in this manner was 50.0% for pooled rat serum 
(PRS) in the data of Table 7. This compares with a value of 50.5% 
for charcoal-stripped serum (CTSS) (data from Table 8) for the same 
tracer (source a). Interestingly, for CTSS, when the tracer was 
treated with ammonium sulfate (tracer source c), the PBmax rose to 
73.6% (based on data in Table 8) . Further, when another tracer was 
used (source d, Table 9), CTSS and normal human serum (NHS) showed 
a PBmax of 81.3% and 81.9%, respectively (Table 10). The best-fit 
curves related to tables 9 and 10 are shown in Figure 1. 

We observed widely different maximal tracer binding among 
sources of tracer (including greater binding after partial 
purification of one source), together with similar binding between 
samples of different unlabelled T4 concentration with use of the 
same tracer source. This suggests that the regressionally projected 
PBmax represents the amount of radiolabelled T4 in a sample, even 
in the presence of other radiolabelled material. However, it will 
be necessary to obtain further evidence that the PBmax in various 
samples can represent 100% of the total T4 radioactivity present. 
This will be approached by obtaining tracer sources more closely 
approaching 100% radiochemical purity for the T4 label. Finally, 
it will be necessary to assess specificity by determining whether 
the presence of known amounts of non-T4 radioactivity (e.g., T3 and 
reverse T3) can alter the results. 

Should these further assessments corroborate satisfactory 
performance, this system could be used to determine the level of 
tracer T4 in serum after in vivo injection of T4 tracer, enabling 
accomplishment of the ultimate goal of performaning kinetic 
studies of T4 in normal and burn-injured humans and rats. 

TABLE 1. Monoclonal Antibody Binding Profile for Tracer T4 In CTSS 

T, Antibody Dilution_% Binding 

1:10 8.87 
1:25 19.7 
1:50 35.1 
1:100 51.6 
1:200 51.7 
1:400 50.2 
1:800 47.3 
1:1600 43.2 
1:3200 35.4 

Labelled sample: charcoal-stripped serum 
Label source: a 
Monoclonal T4 Ab incubation: Ih, 37 C 
2nd antibody (GAMGG) incubation: 1:15 dil, 5 min 
Percent "bound" without T4 Ab: 1.74 
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TABLE 2 

TABLE 3 

T4 Antibody Binding Profil« for Initial Dilutions of 
Socond Antibody 

GOAT ANTI-MOUSE 
GAMMAGLOBULIN DILUTION % BINDING 

1:5 51.7 
1:10 52.1 
1:15 52.1 
1:20 50.5 
1:40 27.1 

Labelled sample: charcoal—stripped serum 
Label source : a 
Monoclonal T4 Ab incubation: 1:200/ 1 h. 37°C 
2nd antibody (GAMGG) incubation: 5 min 
Percent "bound" without T4 Ab: 1.61 - 2.00 

Ti Antibody Binding — Incubation Tima and Temperatur« 

CONDITION % BINDING 

OVERNIGHT, 4°C 49.7 
4 h, 37°C 51‘3 
4 h, room temperature 50.0 
1 h, 37°C 49.9 
1 h, room temperature 48.2 

Labelled sample: charcoal stripped serum 
Label source : a 
Monoclonal T4 Ab incubation: 1:200 
2nd antibody (GAMGG) incubation: 1:15 dil, 5 min 
Percent "bound" without T4 Ab: 1.44-3.16 
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TABLE 4. Ti Antibody Binding - Dilution of Antibody and 
Incubation Temperature 

T, ANTIBODY DILUTION INCUBATION TEMPERATURE % BINDING 

1:25 
1:25 

1:50 
1:50 

1:100 
1:100 

1:200 
1:200 

1:400 
1:400 

37°C 
Room temperature 

37°C 
Room temperature 

37°C 
Room temperature 

37°C 
Room temperature 

37°C 
Room temperature 

20 
20.2 

34.6 
36.3 

48.3 
48.4 

47.7 
47.5 

42.1 
42.9 

Labelled sample: normal human serum 
Label source: a 
Monoclonal T4 Ab incubation: 4 h 
2nd antibody (GAMGG) incubation: 1:15 dil, 5 min 
Percent "bound" without T4 Ab: 1.64-1.73 

TABLE 5. T4 Antibody Binding - Second Incubation Times 

1st INCUBATION 2nd INCUBATION % BINDING 

4 h 5 min 47.1 
4 h 15 min 47.7 

1 h 5 min 46.5 
1 h 15 min 47.5 

Labelled sample: normal human serum 
Label source: a 
Monoclonal T4 Ab incubation: 1:100 dil, room temperature 
2nd antibody (GAMGG) incubation: 1:15 dil 
Percent "bound" without T4 Ab: 1.56-1.76 
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TABLE 6. T4 Antibody Binding - Typ« of Spiked Serum and Dilution 
of Antibody 

TYPE OF SERUM ANTIBODY DILUTION % BINDING 

CTSS 
CTSS 
CTSS 
CTSS 

1:100 
1:200 
1:400 
1:800 

33.7 
34.4 
32.4 
31.6 

NHS 
NHS 
NHS 
NHS 

1:100 
1:200 
1:400 
1:800 

30.0 
32.2 
30.3 
22.8 

PRS 
PRS 
PRS 
PRS 

1:100 
1:200 
1:400 
1:800 

21.2 
32.1 
34.4 
30.4 

Labelled sampler; charcoal-stripped serum (CTSS), 
normal human serum (NHS), 
polled rat serum (PRS), 

Label source: b 
Monoclonal T4 Ab incubation: 1 h, room temperature 
2nd antibody (GAMGG) incubation: 1:15 dil, 15 min 
Percent "bound" without T4 Ab: 2.41-3 30 

TABLE 7. t4 Antibody Binding - Buffet and Rat Serum 

SAMPLE ANTIBODY DILUTION % BINDING 

BUFFER 
BUFFER 
BUFFER 
BUFFER 

1:200 
1:400 
1:800 
1:1600 

48.0 
47.5 
46.0 
45.5 

PRS 
PRS 
PRS 
PRS 

1:200 
1:400 
1:800 
1:1600 

41.8 
44.2 
37.5 
24.9 

Labelled samples: assay buffer, pooled rat serum 
(PRS) 

Label source : a 
Monoclonol T4 Ab incubation: 1 h, room temperature 
2nd antibody (GAMGG) incubation: 1:15 dil, 15 min 
Percent "bound" without T4 Ab: 2.12-2.30 
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TABLE 8. T4 Antibody Binding - Source of Tracer and Dilution of 
Antibody 

TRACER ANTIBODY DILUTION % BINDING 

SOURCE C 
SOURCE C 
SOURCE c 
SOURCE c 

1:200 
1:400 
1:800 
1:1600 

69.0 
67.6 
62.6 
55.1 

SOURCE a 
SOURCE a 
SOURCE a 
SOURCE a 

1:200 
1:400 
1:800 
1:1600 

44.5 
43.2 
40.6 
35.1 

Labelled sample: charcoal-stripped serum 
Labelled sources: c (ammonium-sulfate-cleaned), a 

(untreated) 
Monoclonal T4 Ab incubation: 1 h, room temperature 
2nd antibody (GAMGG) incubation:1:15 dil, 15 min 
Percent "bound" without T4 Ab: 2.60 (labelled T4 SOURCE c) 

1.78 (labelled T4 SOURCE a) 

TABLE 9. T4 Antibody Binding - Type of Serum and Dilution of 
Antibody 

SERUM ANTIBODY DILUTION % BINDING 

CTSS 
CTSS 
CTSS 
CTSS 
CTSS 

NHS 
NHS 
NHS 
NHS 
NHS 

1:100 
1:200 
1:400 
1:800 
1:1600 

1:100 
1:200 
1:400 
1:800 
1:1600 

76.6 
79.4 
76.3 
72.6 
64.8 

78 
82 
70 

6 
0 
2 

55.5 
33.1 

Labelled samples: charcoal-stripped serum (CTSS), 
normal human serum (NHS) 

Monoclonal T4 Ab incubation: 1 h, room temperature 
2nd antibody (GAMGG) incubation: 1:15 dil, 15 min 
Percent "bound" without T4 Ab: 2.01-2.21 
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TABLE 10. Logistic Regression Results from Table 9 Data 

SERUM 
ANTIBODY PARAMETERS 
DILUTIONS A_B_Ç 

CTSS 0, 
NHS 0, 

1:1600-1:400 
1:1600-1:400 

2.01 81.3 
2.21 81.9 

.191 1.27 

.766 1.69 

CPM % BOUND 

riGORE 1. Percent bound from data contributing to Table 9 for the 
antibody levels shown on the abscissa, together with the 
best-fit curves from the parameters in Table 10. 
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ABSTRACT 
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Leonard G. Seriale 
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Recent attention has been given to serum dialysis performed 
without the classical serum dilution and addition of radioactive 
tracer T4 but, instead, with direct radioimmunoassay of the 
endogenous T4 in the dialysate. It has been claimed that the 
reduced serum free T4 (FT4) concentration sometimes seen in non- 
thyroidal illness (NTI) with the classical tracer method is not 
found with direct dialysis, implying absence of suppression of the 
pituitary-thyroid axis in NTI. However, there is a lack of direct 
comparisons in NTI between the methods. With use of a direct 
comparison in the NTI model of burn injury, we were not able to 
substantiate the previous claims. We found that FT4 was depressed 
similarly by either method in burn patients (mean burn size 66%). 
Direct dialysis disclosed that the free fraction of serum T4 (and 
FT4 concentration) may be generally higher than previously thought 
from tracer dialysis results in rats, but the results were similar 
between methods in humans. Rats with burns (burn size 28%) showed 
some (but little) depression of FT4 by either method and those with 
burn size of 20% showed no depression of FT4 by either method. In 
both species, both dialysis methods disclosed an appreciable 
postburn serum T4 binding defect. In the rats, this was seen at 
both burn sizes. Though the newer direct dialysis method appears 
considerably less difficult to perform, both . methods provide 
similar assessments of the effects of burn injury on serum T4 
binding and FT4 concentration. 
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ASSESSMENT OF TETRAIODOTHYRONINE BY DIRECT DIALYSIS 
IN BURN INJURY 

INTRODUCTION 

The ability of burn injury, other trauma, and critical illnoss 
andCTUfe a s?rum bf?din9 defect for tetra- and triiodothyronine (t! 
and T3) on circulating transport proteins (1,2) has complicated the 

and 0f whethe.r there is a deficit of circulating free T 
to?aiT3-rin d1!?633 and inj.ury (nonthyroidal illness, NT I )^. Serum 

. î t4 ar¡d T3 concentrations are depressed in severe NTI often in 
the face of normal thyrotropin (TSH) levels, and the level of free 
ïh 1S. °onsiLcie?:'ed to provide the best index of the status of the 
thyroid axis in such a situation, in that the pituitary can maíe 

related to ^ conversion from circulating T4 and this process is 
fc!ie ?ontrol.of TSH secretion, the role of bioavailable 

thïrôïd axis fi °0 cont8red Ï1y in evaluatin9 the status of the 
free°T (FT > V.2ly' m0st observations have assessed 
Îf?e4-Ti FT4> S determined by conventional tracer dialysis of a 
diluted serum sample. They indicate that in some NTI cases the 

normaler6 ^even “//“th8 de.pression of (total) T4 and allies a normal ft4 even in the face of a low T4 (1,2). s 

HoVever' the binding defect does not always offset the 
depression of T4 enough to normalize the FT4 in all cases of NTI 

in aeÍerêrNTIÍândehurn»bU>hÍI':iUry <1'2)- This has suggested that 
aîîd3Tle eipmTIw d burns Wlth apparently low or normal TSH, low Ta 
and low FT4 by tracer dialysis, the thyroid axis is depressed' 

tracer^T added^rZh*0™1 di:aly®is method utilizes radioactive tracer t4 added to the serum to track the ability of the samóle'* 

lie «sSîts^re^artfoufa11,001 and traverse the dialysis membrane. 
o*6 ™ilt3 af® Partlcljlarly sensitive to error from small amounts 

cor}taminating radioactive iodide not incorporated into T 
moiecules. Furthermore, this method involves preUminary dilution 
of the sample (usually 1:10) prior to dialysis so that 

ÍSÍÍeCí10n 0f free tracer t4 in th« dialysate^is facilitated for 
adequate measurement. It has recently been suggested that such 

dllMii0n may Prevent the ful1 effect of binding inhibitors present 
bî thP ^3 ^nder?stimating the binding defect as reflected 

concentrâtion^of 'ft ^ Underestimatio” of tha calculated 

^°86 authors, therefore, developed a "direct" dialvsis 
wherein an undiluted serum sample without added tracer T, 

Í?mfoflyZed against a larger volume of dialysate, a buffer that 
mimics serum except that it contains no T4 binding proteiís but 

fnHS«,C0^tain HEÍES bUffer' ^olätin, rabbit IgG, three antibiotics 
dir(a_f>dlu"l.a?lde ’ The FT4 concentration is calculated from 
direct radioimmunoassay (RIA) of the dialysate T, with a ve?v 
sensitive antibody. They found that in a group o! NTI patients 
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with low T4 the FT4 by direct dialysis (FT4DD) was normal. 
Interestingly, there is no direct comparison between tracer and 
direct techniques in individuals with NTI. However, because of 
their extensive studies indicating that primary dilution has much 
more effect on FT4 in NTI than in normal serum they have developed 
the FT4DD technique into a kit marketed by Nichols Institute of San 
Juan Capistrano, California, and promoted it as a means to 
distinguish the hypothyroxinemia of NTI (normal FT4DD) from that of 
genuine hypothyroidism (low FT4DD). This formulation thus embodies 
the conclusion that NTI is not associated with suppression of the 
thyroid axis. The present study was undertaken to test this as an 
hypothesis by the use of FT4DD in the burn model of NTI. 

METHODS 

In experiment 1, six male burn patients [mean age 25, mean 
total burn size (TBS) 66% of body surface] were each sampled by 
venipuncture once on postburn days 2-7 (mean PBD 5). Six healthy 
men, mean age 37, provided control samples. In experiment 2, male 
Sprague—Dawley rats were given a standard full-thickness sca^d 
burn, with 15 ml physiologic saline resuscitation given intra- 
peritoneally between the application of back followed by abdominal 
burns, under pentobarbital anesthesia. Hair was shaved from the 
skin prior to the scalding procedure. An equal number of rats 
received the sham procedure (anesthesia, shaving, and resuscita¬ 
tion) at the same time. In groups 1 through 4, the rats weighed 
325 g at the time of burning or sham, the TBS was 20% of body 
surface area (groups 2 and 4), and the animals were sampled on PBD 
4 or 10 in groups of 9. In groups 5 through 8, the rats weighed 
220 g, the TBS was 28% (groups 6 and 8), and the animals were 
sampled on PBD 7 or 15 in groups of 9. Prior to any procedures, 
the rats were adapted to a light/dark cycle of 14/10 h. Prior to 
sampling by guillotine decapitation and collection of trunk blood, 
the animals were housed singly in hanging wire cages at an ambient 
25°c and given water and laboratory chow ad libitum. All rat 
procedures and sampling occurred at 4 to 6 h into the light phase. 

All samples were promptly separated by centrifugation after 
clotting and the serum frozen in aliquots at -60°C until the time 
of thawing and assay. Serum T4 and T3 were determined by RIA with 
commercially available kits (Biotecx, Houston, Texas) and in vitro 
T, uptake (ToU) by radioassay with kits (Coat-a-Count®) from 
Diagnostic Products, Los Angeles, California. The free T4 index 
(FT4I) was calculated as the product of the T4 X T3U. Conventional 
tracer equilibrium dialysis at 37°C (serum dilution 1.10) for 
determination of the DFT4Tr and calculation of the FT4Tr (as T4 X 
DFT4Tr) was performed in duplicate at the Nichols Institute, San 
Juan Capistrano, California. FT4DD was determined in our 
laboratory with the direct equilibrium dialysis kits obtained from 
the Nichols Institute, which included dialysis cells reusable up to 
20 times each, plastic holder trays to secure the cells during 
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incubaron in a flowing water bath at 37°C overnight (18 h), 

b Í?r/ and sPecial RIA materials to determine T4 on thi 
vÍ?nmfate‘ -7T?e .sample (0-? ml). was undiluted and the dialysate 
olume was 2.4 ml. Each dialysis allowed duplicate RIA determi- 
“ °n ^he dialysate with a least detectable concentration 
of 0.2 ng/dl and a normal expected range of 0.8 to 2.7 ng/dl (both 

intthp1Hadiby tbe s.uPflier) for measurement of FT4DD concentration 
y3atf' takfn t0 rePres®nt FT4 in the sample. For the 

diaiysis procedure, close attention was paid to the written in- 

fnoi10^01*3 and ora.lly emphasized cautions provided by the supplier, 
i-lud-g Prevention of membrane drying (storage in 4°C deionized 
H20) and proper washing technique between runs; and for a given 

„n+\'iPíeVentí^ of_evaPoration with Parafilm®, maintenance of 37°C 
unti! separation of sample and dialysate, and rapid sampling of the 

dialysat®s into the antibody-coated RIA tubes at room 
temperature prior to addition of labelled T4 for the 2-h room- 

deviÜÍ?onr? incubation. Standard sera showed no consistent 

with ÍÍnVr0m rU" t0,,run. in a given cel1* Each run was performed 
with two trays of cells in the water-flow incubator in which the 

onntf f®ached the dialysate level in all cells, but did not 
contaminate the contents. The experimental samples were dialyzed 

* reP^cates per sample. Assessment of these and of 
no ÍTarfi ®f^an^0gether^wlth results from preliminary runs disclosed 
Hi variation among cells within a tray, but did 
disclose a slight variation between the two tray positions, with 

aïiahîi3, 3!818 cells1.in the second tray position always giving 
slightly lower results than those given by cells in the first trav 

ínost^amñi ExPerfm®Jtal samples were distributed with replicates of 
^ Í ? Y P°.sl.tions and in a given run with similar 

tl0n by_tray position for any two comparable burn and 

min«H \n9rHUPSi'< ^°r each r®Plicat®' tha dialysate T4 was deter- 
coírarhin duPllcat®'. Further, all second tray results were 
nftïiïiind by regress;Lon. to the value expected for the first tray 

correction, related to the magnitude of the FT4DD; 

3 4 t0 20% in different runs. For a given 
sample, the mean of all replicate dialyses was used as the result. 

7 5?r«,fOUra3t?nda5d Sera Pr°vided in the kits and run in a total 
dialyzed replicates each (along with the experimental 

sam^es), the means ranged from 1.57 to 2.97 and the overall mean 

TheWmaan vflyS1S 6 coefficient of variation was 11.9%. 
was ?irand ÍyS1S wlthin-3amPla coefficient of variation 
anH 7» V 1 ?!% f°r iuman contro1 and burn samples respectively, 
and 7% for both rat sham and burn samples. Six dialyses with fresh 
dialÿsate buffer as the retentiate sample gave FT4dd values on the 

Dut^irpnt-^0* rt0 °'49 ng/d1' though fresh dialysate buffer 
put directly into the RIA gave an undetectable response. 

t-h* FT1IÎD ^eSU'Lt. for serum samPles was used to back-calculate 
e dialyzable fraction (DFT4DD) as the quotient of FT4DD/T4. 
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Burn and control means were compared by t test with the 
assumption of separate variances and the use of the BMDP (P7D) (6) 
program on a VAX 3400 computer. 

RESULTS 

Serum T4, T3, and FT4I were markedly depressed in burned humans 
(Table 1), though T3 was only minimally depressed in burned rats 
(Table 3). Though there was a clear elevation of T3U in burned 
humans (Table 1), there was little consistent elevation of T3U in 
burned rats (Table 3). 

Both the DFT4Tr and DFT4DD were elevated in the burned humans 
(Table 2) and in all burned rat groups (Table 4) . FT4Tr was 
depressed in burned humans, but in rats, only in both burned groups 
with TBS 28¾. FT4DD was depressed in burned humans and in only one 
(PBD 15) burned rat group with TBS 28%. Burned rats with TBS of 
20% had no detectable depression of FT4Tr or FT4DD. 

TABLE 1. HUMAN NON-DIALYSIS RESULTS 

T T3 T3U FT,! 
(Mq/dl)_(nq/dl)-(%J- 

CONTROL 8.85 ± .38 143 ±3 27.94 ± .82 2.47 ± .11 
*** *** ** *** 

burn 3.20 ± .54 54 ± 5 33.13 ± 1.30 1.04 ± .16 

T thyroxine; T3, triiodothyronine; T3U, in vitro T3 uptake; 
FT4I, free T4 index (T4 X T3U) ; results are in serum, mean ± 
SE; **p < .01; ***p < .001. 

CONTROL 

BURN 

TABLE 2. HUMAN DIALYSIS RESULTS 

DFT4Tr 

(%)_ 

.024 ± .001 
•k 

.045 ± .005 

FT4Tr 
(nq/dl) 

2.14 ± .10 
★ 

1.36 ± .22 

ft4dd 
(nq/dl) 

1.80 ± .18 
★ 

1.24 ± .15 

DFT4DD 

(%)_ 

.021 ± .002 
★ 

.043 ±. 008 

DFT4Tr, tracer T4 dialyzable fraction; FT4Tr, free T4 by tracer 
dialysis (T4 X DFT4Tr); FT4DD, free T4 by direct dialysis; DFT4DD, 
dialyzable fraction by direct dialysis (FT4DD/T4) ; results are j.n 
serum, mean ± SE; *p < .05. 
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TABLE 3. RAT 

CON¬ 
DI- t4 

fiRP TBS PBD TION (Lia/dl) 

1 - 4 Sham 3.75 ± .28 
It hit 

2 20% 4 Burn 2.24 ± .14 

3 - 10 Sham 4.28 ± .16 
hhlt 

4 

5 

6 

7 

8 

20% 10 

7 

28% 7 

- 15 

28% 15 

Burn 2.49 ± .11 

Sham 5.81 ± .24 
*** 

Burn 2.35 ± .13 

Sham 4.69 ± .19 
*** 

Burn 2.55 ± .16 

NON-DIALYSIS RESULTS 

T3 T,U FT„I 
(nq/dl) _ 

60.4 ± 3.4 44.22 
* 

52.0 ± 1.5 45.30 

70.4 ± 4.0 44.70 

61.2 ± 4.0 44.88 

87.1 ± 2.9 44.37 
*** 

60.4 ± 2.9 46.63 

74.6 ± 2.1 45.25 
* 

67.6 ± 2.3 43.66 

-i%) _ 

± .25 1.66 ± .12 
* *** 

± .36 1.01 ± .06 

± .30 1.91 ± .06 
* A* 

± .35 1.12 ± .05 

± .27 2.58 ± .11 
** *** 

± .58 1.10 ± .06 

± .68 2.12 ± .08 
A** 

± .39 1.11 ± .07 

TBS, total burn size as % body surface; PBD, postburn day; for 
explanation of hormonal variables, see Table 1; results are in 
serum, mean ± SE; *p < .05; **p < .01; ***p < .001. 
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TABLE 4. RAT DIALYSIS RESULTS 

CON¬ 
DI- DFT4Tr 

GRP TBS PBD TION (%) 

1 - 4 Sham .035 ± .002 
★ ★ 

2 20% 4 Burn .051 ± .004 

FT4Tr 
(nct/dl) 

1.33 ± .06 

1.21 ± .10 

FT4DD 
(ng/dl) 

2.84 ± .11 

2.77 ± .22 

DFT4DD 

(%)_ 

.079 ± .006 
**★ 

.124 ± .007 

3 

4 

10 

20% 10 

Sham .035 ± .001 
★ ★ ★ 

Burn .059 ± .003 

1.49 ± .07 

1.46 ± .07 

3.10 ± .09 .073 ± .002 
★ ★ ★ 

3.35 ± .11 .136 ± .006 

5 

6 28% 

7 Sham .030 ± .001 1.74 ± .08 3.87 ±.11 .067 ± .002 
*** ** *** 

7 Burn .060 ± .003 1.39 ± '.04 4.05 ± .16 .175 ± .009 

7 - 15 Sham 

8 28% 15' Burn 

.031 ± .00] 
★ ★ ★ 

.047 ± .002 

1.48 ± .09 
* 

1.19 ± .05 

3.95 ± .07 
* 

3.67 ± .10 

.085 ± .002 
★ ★ ★ 

,147 ± .006 

.TBS, total burn size as % body surface; PBD, postburn day; for explanation of 
hormonal variables, see Table 2; results are in serum, mean ± SE; *p < .05; p < 

.01; ***p < .001. 

DISCUSSION 

The depression of serum T3 (relative to the depression of T4) 
was less in rats than in humans. This relative sparing of T3 in 
several rat models of NTI, including burns, has been discussed 
previously (1,2). The inhibition of peripheral T4 to Tß conversion 
by NTI is apparently less well reflected by serum T3 in models of 
NTI in rats, whose serum T3 concentration is relatively more 
dependent upon some thyroidal secretion of T3 than are T3 levels in 
humans. Also, the serum protein iodothyronine binding defect, 
reflected by the elevated T3U in burned humans is less well 
reflected by the T3U in burned rats. This has been noted before 
(7), and may result from greater ability in rats of a burn-induced 
serum protein—binding inhibitor to inhibit T3 binding also to the 
competing matrix (in the present study, immobilized T3 antibody) in 
the T3U test. It is not likely entirely a result of a different 
protein binding system for T3 in rats (versus that in humans) 
because of previous observation of an elevated tracer T3 dialyzable 
fraction in the presence of non—elevated T3U (charcoal matrix) in 
burned rats (7). Because of the presence of inhibited binding of 
iodothyronines to living cells in the presence of human NTI serum 
and the better prediction of cellular T4 binding by the T3U- 
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dependent FT4I than by the tracer dialysis dependent FT, in such 
human NTI sera (8), it has been proposed that the better index of 
the T4 available to tissues in NTI is the FT4I (2) . Whether this 
may be the case in rats is not yet addressed. The FT,I was 
depressed in burn injury in both species. 4 

The serum binding defect for T4 in burn injury was well shown 
by the DFT4Tr as well as the DFT4DD, in that both these variables 
representing the free fraction of serum T4 were elevated after burn 
in both species. Though the free fraction result was nearly 
identical between both procedures for the human samples, the DFT,DD 
result was approximately two-fold that of the DFT4Tr in the various 
rat groups. This suggests that primary dilution of samples may 
enhance binding more in rats than in humans. This would be 
compatible with binding inhibitors normally present in rat serum 
that become relatively inactive when diluted, though other 
explanations are possible. However, in rat sera, both the tracer 
and direct (undiluted) procedure showed reduction in binding 
(elevation of the free fraction) after burn injury without a large 
difference in this effect as manifested by the two procedures. 
Thus, for the conditions of the humans and rats of this study, the 
effect of any burn-induced serum binding inhibitors was not 
influenced much by factors inherently different between tracer 
dialysis with preliminary serum dilution and direct dialysis 
W1fcv°jt A1 ' , However/ it is possible that even in the direct 
method, the larger (12-fold) dialysate versus sample (reténtate) 
diurne affords a functional dilution (if the burn-induced binding 
inhibitors are themselves dialyzable), thus possibly obscuring any 

burn effect between direct and tracer results. 

«•F?r the humans' the burn-induced binding defect was not 
sufficient to prevent observation of a depressed FT4 by either 
tracer or direct dialysis. This suggests that direct dialysis does 
not necessarily allow the interpretation that thyroid axis 
®SPP5ess;!-0îî is absent in burn patients. Previously reported normal 
FT4 by either method in low T4 NTI may reflect injury or illness 
severe enough to affect serum T4 binding but not severe enough to 
depress thyroidal secretion below that necessary to keep FT, normal 
for whatever the T4 degradation rate happens to be. Major burns 
may produce the equivalent of more severe NTI, capable of 
suppression of both T4 binding and thyroid axis function. Previous 
observation of normal or low TSH in the presence of low FT,Tr 
supports the hypothesis of blunted thyroid axis function in burn 
patients (1), as does the excessively negative serum TSH response 
to T4 replacement in burned rats (1,2,9). 

In the present results with rats, the depressive effect of 
burn on FT4 was evident in the rats with TBS of 28% (PBD 7 and 15 
for FT4Tr and PBD 15 for FT4DD) but not in those with TBS of 20%. 
This probably represents an effect of injury severity. Beyond 24 
h after burn, FT4Tr, not depressed in rats with a 17% burn (10), 
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was depressed in those with 25% burn (9) and 60% burn (7) . It will 
be of interest to observe the FT4DD in rats with larger burns. 

FT4 by direct dialysis confirms low FT4 concentration in burn 
patients and the serum T4 binding defect in burned humans and rats. 
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ABSTRACT 

PROJECT NUMBER: 3M161102BS14-00, RESEARCH 

PROJECT TITLE: Investigation of the Immunologie Sequelae of Blood 
Transfusion in Rats 

INSTITUTION: US Army Institute of Surgical Research, Fort Sam 
Houston, San Antonio, Texas 78234-5012 

PERIOD COVERED IN THIS REPORT: 1 Oct 89 through 7 Jul 90 

INVESTIGATORS: J. Paul Waymack, MD 
David G. Burleson, PhD, Lieutenant Colonel, MS 
Carlin V. Okerberg, DVM, Lieutenant Colonel, VC 

Blood transfusions have previously been demonstrated in 
Wistar-Furth rat models to impair resistance to pulmonary 
métastasés from a colonic tumor, but not the growth of the primary 
tumor. Utilizing the same tumor cell line, we evaluated the effect 
of transfusion on resistance to peritoneal spread of the tumor and 
on macrophage response to the transfusion. Transfusions were found 
to have no significant effect on survival in animals with 
peritoneal carcinomatosis, nor on the host response to the tumor. 
Transfusion failed to alter macrophage function or metabolism as 
measured by macrophage cytotoxicity against YAC-1 cells, by 
macrophage production of adenosine deaminase, by glucose 
metabolism, or by macrophage ATP levels. In summary, transfusions 
failed to alter the peritoneal resistance to tumor spread or the 
activity of the predominant resident peritoneal leukocyte. 
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INVESTIGATION OF THE IMMUNOLOGIC SEQUELAE OF BLOOD 
TRANSFUSIONS IN RATS 

INTRODUCTION 

It has previously been demonstrated in a number of retro¬ 
spective studies that there is an adverse correlation between 
perioperative blood transfusions and long-term survival in colon 
cancer patients (1-4) . However, this correlation has not been noted 
universally (5). Part of the difficulty with such retrospective 
studies is the possibility that those patients with more advanced 
or aggressive tumors (lead time or length bias) received a greater 
proportion of the transfusions. To eliminate the potential for 
such bias, animal studies have been utilized. These have also 
yielded contradictory results, depending on the species and strain 
of animal utilized, the type of tumor, and the method of trans¬ 
fusion (6) . 

We have previously demonstrated, utilizing a Wistar-Furth 
colon cancer model, that allogeneic transfusions do not increase 
the rate of primary tumor growth, at least with this tumor line. 
When the same tumor was utilized in a pulmonary metastasis model, 
we found an enhanced rate of growth of pulmonary métastasés and a 
decreased long-term survival rate in allogeneically transfused rats 
as compared to a control group which received lactated Ringer's. 
The purpose of our current study was to determine if this alter¬ 
ation in host response to pulmonary métastasés is representative of 
a universal response to métastasés in transfused rats or if it is 
unique to pulmonary métastasés. 

MATERIALS AND METHODS 

Animals. Adult male Wistar—Furth rats weighing approximately 
250 g were used in these studies. Adult male A'Sogaloff Cancer 
Institute (ACI) rats were used as blood donors. All animals were 
housed in individual stainless steel, hanging cages and allowed 
food and water ad libitum throughout the study. The animals were 
observed for one week prior to entry into the study to exclude the 
possibility of any preexisting diseases. 

Transfusion Protocol. Blood was obtained from the donor rats 
by vena cava puncture and mixed at a 4:1 volume ratio with CPDA-1 
anticoagulant. Animals in the control group received 3 ml of 
lactated Ringer's solution intravenously and those in the trans¬ 
fusion group were given 1 ml of ACI rat blood intravenously. The 
increased volume of lactated Ringer's was chosen since it was 
believed that this would closely approximate the intravascular 
volume changes achieved in the rats receiving 1 ml of whole ACI rat 
blood. 

Tumor Protocol. Two tumor models were used to evaluate the 
transfusion effect on tumor growth. In the first model, 45 rats 
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(control=28, transfusion=27) received IxlO6 tumor cells suspended 
in 1 ml of complete RPMI injected intraperitoneally through a 23-ga 
needle. The tumor cell suspension was prepared as previously 
described (6). Briefly, viable tumor was obtained by excision of 
a rapidly growing syngeneic 1,2-dimethylhydrazine-induced colon 
carcinoma. The tumor was mechanically disaggregated by first 
slicing the tumor into approximately 1-mm3 pieces and vigorously 
shaking the suspension in complete RPMI—1640 media with penicillin, 
streptomycin, and 10% fetal calf serum. The cells were washed 3X 
in the same media. An aliquot of this suspension was stained with 
trypan blue and the number of viable tumor cells determined. The 
cells were centrifuged and resuspended in sufficient RPMI to 
achieve a final concentration of IxlO6 viable cells/ml. A 1—ml 
aliquot of this suspension was injected intraperitoneally through 
a 23-ga needle into the Wistar-Furth rats immediately following the 
administration of either lactated Ringer's or blood. Animals were 
followed to death and mean survival times were determined. All 
animals were necropsied to confirm that death was due to tumor 
growth. Eighty-five days after implantation of the tumor cell 
suspension, all rats remaining alive appeared healthy and had no 
evidence of viable tumor growing intraperitoneally by physical 
examination. These rats were sacrificed by a lethal sodium 
pentobarbital injection and were necropsied. None were found to 
have any macroscopic evidence of tumor present. For the purpose of 
calculating mean survival time, all of these animals were given a 
survival time of 85 days, and for calculating survival rates, these 
rats were considered to be permanent survivors. 

Leukocyte infiltration of the tumors present in the animals 
described above was assayed as previously described (7). Briefly, 
wedge biopsies of the periphery of the tumors were performed at the 
time of necropsy. The biopsies were fixed in formalin, sectioned, 
and stained with hematoxylin-eosin. Cellular infiltrates were 
quantified by enumeration of cells at the tumor periphery in 15hpf 
with an image analysis system (OptomaxR, Hollis, NH). 

For the second tumor model, a similar tumor cell suspension 
was prepared. Twenty-two Wistar-Furth rats (control=10, trans- 
fusion=12) were anesthetized with intraperitoneal sodium pento¬ 
barbital (35mg/kg) . A midline celiotomy was performed and 1 ml of 
the tumor cell suspension was injected into the retroperitoneum. 
The incisions were closed in multiple layers and the animals were 
allowed to awaken in their cages. These animals were followed to 
mortality and mean survival times determined. 

To evaluate the effect of transfusion on macrophage cytotoxic 
response to tumor, elicited peritoneal macrophages were studied. 
Twenty Wistar-Furth rats were administered either 1 ml of ACI rat 
blood (N=10) or 3 ml of lactated Ringer's (n=10) . Three days 
following administration of the transfusion or lactated Ringer's, 
4 ml of brain-heart infúsate was administered intraperitoneally 
through a 23-ga needle. Four days later, the animals were 
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sacrificed by decapitation. A midline celiotomy was performed and 
the peritoneal cavity lavaged with 20 ml of Hank's balanced salt 
solution (HESS) without calcium or magnesium and with 0.25 mm EDTA. 
The resulting suspensions were hypotonically lysed of any con¬ 
taminating red cells and washed 3X in standard HESS. They were 
resuspended in RPMI-1640 with 10% fetal calf serum. The resulting 
macrophage suspensions were assayed for macrophage purity and for 
macrophage cytotoxic activity against YAC-1 cells. 

Macrophage purity was tested for by both adherence to flat- 
bottomed cell well plates (96 wells) (Corning Glass Works, Corning, 
NY) and by nonspecific esterase staining. Macrophage adherence was 
tested for by placing 5x10s cells in 0.1 ml of media per well. The 
plates were cultured for 1 hour at 37°C in 5% C02. Nonadherent 
cells were then removed and the remaining cells were counted. 
Ninety percent of the cells from both the transfused and control 
rats were found to be adherent. Nonspecific esterase staining was 
assayed using a standard esterase staining kit (Kit #90-Al, Sigma 
Technical Bulletin #90). Ninety-eight percent of the cells from 
both the transfused and control rats were found to be positive for 
esterase staining. 

Macrophage cytotoxicity against YAC-1 cells was assayed as 
follows. Briefly, 1X106 YAC-1 cells/ml RAMI-1640 with 10% fetal 
calf serum and containing 5/iCi/ml of 125I-labelled 5-iodo-2'- 
deoxyuridine (Dupont Corp, NEN Research Products, Boston, MA) plus 
10o M 5—fluorouridine (Sigma Chemical Corporation) were cultured at 
37 C in 7.5% C02 for 4 hours. The cultures were then washed three 
times to remove all nonincorporated radioactivity. 5xl04 of the 
labelled YAC-1 cells in 0.1 ml RPMI-1640 with 2.5% fetal calf serum 
were added to each well in the cell well plates which contained 
5x10 macrophages in 0.1 ml RPMI with 2.5% fetal calf serum. 
Additional wells containing only target cells were utilized for 
measuring spontaneous release. Total counts were measured by lysis 
of^target cells utilizing detergent. All wells were cultured at 
37 C for 24 hours. Supernatants from each well were harvested and 
assayed for radioactivity present. Specific release for each well 
was calculated as follows: 

cpm released in test well- 
cpm released in spontaneous control sample 

cpm in total lysis well - cpm in spontaneous release sample 

Data are presented as percent of mean of the value for macrophages 
obtained from the control group. 

The effect of transfusion on macrophage metabolism was assayed 
by measuring the amount of adenosine deaminase produced by cultured 
macrophages, the intracellular levels of adenosine triphosphate 
(ATP) and finally glucose metabolism by the macrophages. Briefly, 
20 Wistar—Furth rats were transfused (n=10) or given lactated 

330 



Ringer's (n=10) and had peritoneal macrophages elicited as 
described above 3 days after transfusion. Four days after BHI 
injection, the macrophages were harvested and purified as described 
above. IxlO7 of the cells were suspended per milliliter of 
complete RPMI media and 1-ml aliquots of the suspension were 
cultured in standard flat-bottomed polystyrene culture plates with 
concanavalin A stimulation for 6 hours at 37°C. The plates were 
then frozen at -70°C and thawed at room temperature three times. 
Aliquots of the lysed suspensions were analyzed for glucose, 
adenosine deaminase, and adenosine triphosphate levels. Glucose 
content of the RPMI media prior to macrophage addition was also 
assayed. 

Glucose was determined on Beckman Synchron CX3 System (Beckman 
Instruments, Inc., Brea, CA) . The Synchron CX3 glucose chemistry 
determines glucose by means of the oxygen—rate method employing a 
Beckman oxygen electrode. 

Adenosine deaminase activity was assayed using a colorimetric 
method described by Giusti (8). Briefly, 0.05 ml aliquots of the 
thawed macrophage lysate were added to 1 ml of buffered adenosine 
solution (21 mM adenosine, 50 mM phosphate buffer, pH 6.5). After 
incubation for 60 min at 37°C, 3.0 ml of phenol/nitroprusside 
solution (106 mM phenol, 0.17 mM sodium nitroprusside) and 3.0 ml 
of alkaline hypochlorite solution (llmM NaOCl, 125mM NaOH) were 
added. After incubation for 30 min. at 37°C, absorbance at 628nm 
(E) was measured. Volume activity was determined as follows: 

(E sample - E sample blank) -f (E standard - E reagent blank) 

Adenosine triphosphate levels were measured by a coupled 
enzymatic reation (9). Briefly, adenosine triphosphate was 
measured using the coupled enzymatic reation: ATP + 3- 
phosphoglycerate -4 ADP + 1,3-diphosphoglycerate [1] 1,3- 
diphosphoglycerate + NADH -» glyceraldehyde 3-phosphate + NAD + 
phosphate [2]. Reaction[l] was catalyzed by phosphoglycerate 
kinase and reaction [2] was catalyzed by glyceraldehyde phosphate 
dehydrogenase. The change in absorbance at 340nm that results when 
NADH is oxidized to NAD was measured on a Gilford 240 spectrophoto¬ 
meter (Gilford Instruments, Gerdin, OH) . Enzymes and reagents were 
obtained from Sigma Chemical (St. Louis, MO). 

Statistical Analysis. All data are expressed as mean ± SEM. 
Comparisons among groups were made using Fischer's exact, 
generalized Savage (Mantel-Cox), and ANOVA. 

RESULTS 

The survival curves for the animals challenged with intra¬ 
peritoneal tumor cell suspensions are shown in Figure 1. There were 
19 deaths and nine survivors in the control group. In the 
transfused group, there were 12 deaths and 15 survivors. This 

331 



difference was not statistically significant (P=0.106). The mean 
survival time for the control group is 60.71 ± 3.80 days and for 
the transfusion group, 70.81 ± 3.58 days. This difference was also 
not statistically significant (P=0.0629). Necropsy of each of the 
deaths revealed a generalized peritoneal carcinomatosis. 

Analysis of leukocyte infiltration of the tumors revealed 
123.0 ± 38.4 cells/hpf in the tumors obtained from the control 
group and 143.9 ± 41.9 cells/hpf in the tumors obtained from the 
transfused group. This difference was not statistically 
significant (P=0.196). 

The survival curves for the animals challenged with retro- 
peritoneal tumor cell suspensions are shown in Figure 2. The mean 
survival time for the control group was 34.50 + 2.15 days and for 
the transfusion group, 33.67 ± 2.63 days. This difference was not 
statistically significant (P=0.883). 

The macrophages obtained from the control group had 100 0 ± 
11.8% of the predicted lysis of the YAC-1 cells. The macrophages 
obtained from the rat had 121.1 ± 16.3% of the predicted lysis of 
the YAC-1 cells. This difference was not statistically significant 
( P 0*305) * 

The glucose level in the lysed suspensions of macrophages 
obtained from the control rats was 188.4 ±0.5 mg/dl. The glucose 
level in the lysed suspensions of macrophages obtained from the 
transfused rats was 189.7 ± 1.1 mg/dl. This difference was not 
statistically significant (P=0.387). The glucose level from five 
samples of RPMI media prior to macrophage addition was 192.0 ± 0.7 
mg/dl, indicating a similar slow rate of glucose metabolism in both 
groups. 

The adenosine deaminase level in the lysed suspensions of 
macrophages obtained from the control rats was 3.33 ± 1.78 U/ml and 
with supernatants from the lysed suspensions of macrophages 
obtained from transfused rats, 1.06 ± 0.19 U/ml. This difference 
was not significant (P=0.147). The greater mean and the large 
standard error of the mean for the control group was due to a 
single sample which had a value far in excess of all other samples 
in both groups . 

The adenosine triphosphate level of the lysed suspensions of 
macrophages obtained from the control rats was 9.57 ± 1.26 /ig/lxlO7 
cells and for the lysed suspensions of macrophages obtained from 
transfused rats, 10.66 ± 1.56 jxg/1 X 107 cells. This difference 
was not significant (P=0.638). 
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FIGURE 1: Survival curves for control and transfused groups 
challenged with IxlO6 tumor cells intraperitoneally. 

DAYS POST-RETROPERnONEAL TUMOR CHALLENGE 
FIGURE 2: Survival curves for control and transfused groups 

challenged with IxlO6 tumor cells retroperitoneally. 

333 



DISCUSSION 

Appropriate surgical intervention is normally able to control 
the primary site of common solid malignant neoplasms. it is, 
rather, the distant métastasés which eventually lead to a fatal 
outcome. Such métastasés can take place by three methods, 
migration through coelomic cavities, spread through lymphatic 
vessels, and spread through blood vessels. 

Tumor spread by these methods does not always lead to a 
successful metastasis. For such tumor spread to eventually become 
a metastasis, the tumor cells, or group of tumor cells, must 
implant in a distant site and escape control by the host's immune 
system. The patient's immune system can generate a complex immune 
response to both primary tumor and metastatic sites. Among the 
more important components of this response are helper/inducer T 
lymphocytes, cytotoxic T lymphocytes, natural killer cells, and 
cytotoxic macrophages. 

We have previously reported, utilizing the same tumor cell 
line in Wistar-Furth rats, that blood transfusions can alter 
certain components of the host's response to this tumor when the 
tumor is presented in a particular manner (6) . In that study 
allogeneic blood transfusions were demonstrated to have no 
significant effect on the host's response to the primary tumor site 
with this cell line. This finding was confirmed in our current 
study in that, when all the tumor cells were injected into a single 
site in the host's retroperitoneum, transfusions exerted no effect 
on survival. Our current study also confirmed our previous finding 
that transfusions do not appear to alter the host's response to 
tumor growths once they become established since, as in our earlier 
study, (6) transfusions did not alter the leukocyte infiltration of 
established tumor growths, in this case, the peritoneal carcinoma¬ 
tosis growths. 

Our previous study with this tumor cell line did demonstrate 
that transfusions increased the rate of growth of : ulmonary 
métastasés and decreased long-term survival in rats bearing 
pulmonary métastasés when the tumor cells were given intravenously 
and thus allowed to implant throughout the lungs as multiple 
®^^9^-®“‘cell emboli. Since natural killer cells are particularly 
important in a successful host response to blood borne tumor cells, 
we also evaluated the effect of allogeneic transfusions on natural 

c®H function. It was found that such transfusions 
significantly impaired natural killer cell function. It was found 
that such transfusions significantly impaired natural killer cell 
cytotoxicity against YAC-1 cells at both one and two weeks 
following the transfusions. This finding would appear to indicate 
that a selective impairment of a single component of the immune 
system may alter the clinical response of the host, at least to a 
particular method of tumor spread. 
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Our current study was therefore designed to determine if the 
alteration in host response to pulmonary métastasés following 
transfusion was representative of a universal response to 
métastasés or merely of a particular immune component and a 
selective organ response to métastasés. Although the allogeneic 
blood source, the tumor host, and the tumor cell line were 
identical to our previous study, the host's response to the 
metastatic tumor cell challenge (peritoneal) and the response of 
the particular immune cell studied (macrophage) were different. 
There was noted to be no effect of the transfusion on macrophage 
cytotoxicity against YAC-1 cells. The transfusions also failed to 
alter the metabolic activity of the macrophages, as measured by 
glucose metabolism, adenosine deaminase levels, or adenosine 
triphosphate levels. These findings would appear to indicate that 
there was no significant effect of the transfusions on the ability 
of the macrophages to be stimulated to a metabolically excited and 
immunologically enhanced state by either concanavalin A mitogen or 
tumor cell targets. This could explain the lack of a transfusion 
effect on the peritoneal metastatic carcinoma model used in our 
study, since such macrophages are the initial immune response cell 
in the host's peritoneum. 

The lack of a transfusion effect on the macrophage's metabolic 
parameters measured in our current model is somewhat surprising in 
view of the previous demonstration of a transfusion effect on 
macrophage arachidonic acid metabolism (10) . That study found that 
transfusions increased the rate of metabolism of arachidonic acid 
by the macrophage's cyclooxygenase enzyme system. This discrepancy 
may reflect that the alterations in macrophage activity following 
transfusion relate primary to alterations in macrophage regulation 
of other components of the immune system (11), rather than 
alterations in the macrophage's response to invading pathogens by 
the tumor or microorganisms (12). 

Our current study thus provides further confirmation of the 
selectivity of the transfusion effect. Just as the transfusion 
effect has been shown to alter resistance to gram-negative 
infections (13,14) but not to gram-positive infections (15,16), so 
it also impairs resistance to primary tumor growth of certain tumor 
cell lines (17,18) but not to the primary growth of other tumor 
lines (19) . Of even greater interest is the finding that its 
ability to alter resistance to gram-negative infections and tumor 
cell métastasés is dependent upon whether the challenge is intra¬ 
venous or intraperitoneal (6,20). 

Finally, our current study indicates that the transfusion- 
induced alterations in immune function may provide a model for 
investigating the effect of various components of host immune 
function on the response to tumor challenge. In the future, such 
an understanding might assist in the formulation of immuno- 
stimulatory protocols for the treatment of oncology patients. 
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(U) 8910 - 9009. The increased humoral response shown in 
burned rats maintained on adequate zinc intake as determined by 
the Jerne plaque assay was further investigated because the 
results were contradictory to previous reports in the 
literature using a similar animal model. A number of studies 
were performed to investigate the effect of burn injury on 
total serum antibody levels as determined by radial 
immunodiffusion and on specific serum antibody levels 
determined by hemagglutination with sheep RBCs. Our results 
confirmed the data from the plaque assay that burn injury 
causes an increased primary humoral response in the burned rat 
model. 
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ABSTRACT 

PROJECT NUMBER: 3M161102BS14-00, RESEARCH 

PROJECT TITLE: Preliminary Studies on Zinc Homeostatic Control and 
Immunocompétence in a Burned Animal Model 

INSTITUTION: US Army Institute of Surgical Research, Fort Sam 
Houston, San Antonio, Texas 78234-5012 

PERIOD COVERED IN THIS REPORT: 1 Oct 89 through 30 Sep 90 

INVESTIGATORS: Ronald L. Shippee, PhD, Major, MS 
Thomas Koppenheffer, PhD* 

*Chairman, Biology Department, Trinity University 

We have used the Hemolytic Plaque Assay to determine the 
interaction of zinc nutriture and burn injury on immunocompétence 
in a 30% total body surface scald burn rat model. Major 
discrepancies between our results and those previously reported in 
the literature have prompted us to further investigate the humoral 
response in the burn rat model. Data from a radial immunodiffusion 
assay are in agreement with published data on humans not shown to 
be septic. An early decrease in all three classes of 
immunoglobulin followed with an increase in IgG to the high normal 
range and an increase in IgM and IgA to low normal range. 
Hemagglutination titers from burned rats given normal and low dose 
levels of sheep red blood cells (SRBC) gave an increase humoral 
response compared to control rats. This finding supports our 
e?f:ie5.WOrk usin9 the P1aque assay. The results of work to date 
with this protocol demonstrate that although the rat appears to be 
a valuable tool to study the physiological effects of thermal 
injury, many aspects of the host defense system in the rat during 
recovery from burn injury need to be defined before observed 
phenomena are applied to a clinical situation. 
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INTRODUCTION 

We have used the Hemolytic Plaque Assay to determine the 
interaction of zinc nutriture and burn injury on immunocompétence 
afteera 30% Total Body Surface (TBS) scald burn in rats. Animals 
maintained on adequate zinc nutriture had a significantly (p<0.05) 
higher primary Plaque Forming Cell (PFC) response to Sheep Red 
Blood Cells than sham burned animals on day 10 postburn. Although 
zinc restriction for 10 days postburn caused a lower PFC response, 
the response was still higher than the sham control zinc adequate 
or restricted groups. Results from experiments to assess the 
secondary response indicate suppression of PFC in both zinc 
restricted and zinc adequate burned groups when compared to sham 
burned animals. 

After review of the data collected to this point, two issues 
appeared to need further investigation. First, the increase in the 
primary response was not consistent with reported studies using a 
similar rat model (1). The second issue centers around certain 
aspects of the secondary response. When compared to a primary 
response the secondary humoral response classically is 
characterized by an earlier response to antigen, and greater 
magnitude of the response, with the primary class of antibody being 
IgG as opposed to IgM in the primary response. Although our 
kinetics experiments with the rats consistently gave an earlier 
response, the response was not much greater than the primary 
response and although there was an increase in IgG antibody, it 
represented only about 22% of the total PFC response. 

We decided first to determine the kinetics of plasma 
immunoglobulin concentration after burn injury and then to 
investigate the kinetics of serum antibody titers to SRBC, using a 
hemagglutination assay. 

MATERIALS AND METHODS 

Adult Sprague-Dawley rats were anesthetized and administered 
a 30% TBS burn by scalding with 90°C water for 10 sec. Animals 
were housed individually and fed Purina Chow and deionized water ad 
libitum. Blood was drawn prior to burn injury and then 1, 4, 8, 12 
and 16 days postburn. IgM, IgG and IgA subclasses of immuno¬ 
globulin were determined by radial immunodiffusion (Serotec, 22 
Bankside, Killington, Oxford, England). 

In a second set of experiments, rats were burned and fed as 
described above. One day after burn injury, a primary immunization 
was given with 0.5ml of either 2% or 0.02% SRBC suspensions in 
saline, administered intraperitoneally (IP). Animals were bled 
from a tail vein on days 4, 6, 8, 11, and 15 postburn. Ninety-six 
well culture plates were used to prepare serial 1:2 saline 
dilutions of 0.025 ml of plasma. Twenty-five microliters of a 1% 
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suspension of SRBC were added to each well, 
after four hours of incubation at 25°C. 

Titers were determined 

The secondary response was determined by administering a 
primary dose of 0.2 ml of 20% SRBC intravenously four weeks prior 
to burn injury. These animals were then treated as described above 
except that blood was drawn prior to the burn and then on days 
three and nine postburn. * 

The plasma immunoglobulin concentration data were analyzed 
using a two factor repeated measures analysis of variance (SAS/STAT 

Rel®ase 6-03 edition, SAS Institute Inc., Cary, NC 
27512 8000, page 602-609). The data were described as percentage 
values of the preburn concentration within each animal. The 
resulting percentage data were converted using an arcsin 
transformation as suggested by Snedecor (2). The hemagglutination 
data were defined descriptively in terms of central tendency using 
mode values. y 

RESOLTS AND DISCOSSION 

1?ata for. Plasma concentrations of IgM, IgA and IgG for 
individual animals are shown in Tables 1, 2, and 3, respectively 
and summarized in Table 4. The effects of day and burn treatment 
were significant for IgM (p<0.01, p=0.02) and IgG (p=0.03, p=0.04), 
while only the effect of day was significant for IgA (p<0.01). 

We are unable to explain why there was an increase in all 
¿T??68 °f inmui\ogl°*>ulin with time, regardless of treatment. 
Whether this was due to handling or some environmental variable, is 
impossible to determine from the present experimental design. 
Of interest is an early study of the effect of thermal injury on 
serum immunoglobulin by Munster et al. (3). Although the control 
subjects were only followed to the seventh day of the study, a 
gradual increasing trend is shown for all three classes of 
immunoglobulin. 

The kinetics of the three classes of immunoglobulin in burn 
patients in this early study is in general agreement with our rat 
data. An early decrease in all three classes occurred, presumably 
due to leakage from the burn wound, with an increase in IgG to the 
upper portion of the normal range and IgA and IgM increasing to the 
mid and lower portion of the normal range, respectively. When 
sepsis was taken into account (3) the patterns of IgG and IgA 
postburn were not influenced by the presence of sepsis, but the IgM 
pattern was altered sharply by fungal invasion of the burn wound. 

T?ei.5OUf .patients w*th Phycomycosis had very high serum IgM levels 
at the time of diagnosis. 

recent study has confirmed these early findings with 
the additional conclusion that normal or supranormal quantities of 
serum immunoglobulin exist concurrent with the presence of 
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suppression of T cell related immune function (4). Shorr et al. 
(4) have studied in vitro immunoglobulin production by lymphocytes 
isolated form the blood of burn patients and cultured in the 
presence of polkweed mitogen (PWM). The lymphocytes from burn 
patients produced significant quantities of IgG and IgM without PWM 
and failed to increase production with PWM stimulation. 

Table 5 shows the Log2 hemagglutination titers in each 
individual animal for the primary response. The data are 
summarized in Table 6. Both the rapid appearance of 
hemagglutinating antibody in burned rats given a high dose of SRBC, 
and the slight but consistently higher antibody titers produced by 
these animals as compared to sham-burned rats during later stages 
of the response, are consistent with our previous findings of 
heightened primary PFC responses following thermal injury. More 
striking, however, is the antibody response generated by burned 
rats given a subimmunogenic dose of SRBC. 

The heightened primary response that we consistently observe 
is in contrast to the results observed by Alexander and Moncrief 
(1) using a similar model. In those studies, rats administered a 
20% burn and injected IP with a primary immunization of 2% Human 
Red Blood Cells (HRBC) 24 hours after injury showed no difference 
in serum antibody titers. Animals administered a 30% burn and 
immunized with 0.02% suspension of HRBC given 1,2 and 3 hours 
postburn showed a dramatic decrease in serum antibody titers. The 
authors give no explanation for the different immunizing con¬ 
centrations of HRBC given to the different burn size groups. 

The only major difference between our study and the Alexander 
and Moncrief study is the species of red blood cells used as 
immunogen. SRBC have been historically used in the Jerne Plaque 
forming assay. In fact, we have attempted to use HRBC in our 
plaque forming assay and have never shown a plaque forming response 
in the rat with 2 to 20% suspensions. 

The hemagglutination data for the secondary response in 
individual animals are shown in Table 7 and summarized in Table 8. 
We were surprised to find that four weeks after primary 
immunization, the plasma titers were quite elevated. It appears 
that the rat has a sustained response to primary immunization with 
a 20% solution of SRBC. This may explain why we have been unable 
to produce an appropriate anamnestic response to SRBC in the rat. 

The burn rat model has been used at this Institute and by 
researchers in other laboratories for investigations into many 
physiological and metabolic sequelae of burn injury. There is no 
doubt that the rat model should be a valuable model to study the 
interaction of nutrition, burn injury and immunocompétence. 
However, based on results to this point, it is obvious that the 
many aspects of the host defense system of the rat during recovery 

345 



from burn injury must be defined before phenomena observed in this 
species can be applied clinically. 

TABLE 1 

PLASMA IgM 
DAY 

0 1 4 
mg/L % mg/L % mg/L % 

8 12 16 
mg/L % mg/L % mg/L % 

BURN 

1 961 100 565 59 1102 
2 1132 100 606 54 1220 
3 1073 100 584 54 1251 
4 1132 100 575 51 919 
5 828 100 401 48 919 
6 1073 100 593 55 1117 

CONTROL 

1 1015 100 961 95 1132 
2 1251 100 1102 88 1345 
3 853 100 1015 119 
4 987 100 1102 112 1190 
5 961 100 905 94 1132 

MEAN BURN 54 
CONTROL 102 

115 919 95 800 83 800 83 
108 867 77 961 85 774 68 
117 1190 111 1059 99 947 88 
81 947 84 1073 95 1075 95 

111 794 96 853 103 880 106 
104 1059 99 1281 119 1159 108 

112 1146 113 1220 120 974 96 
108 1220 98 1102 88 1190 95 

1251 147 1073 128 1376 161 
121 1281 130 961 97 1030 104 
118 1296 135 1251 130 987 103 

107 94 97 gl 
115 125 113 112 
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TABLE 2 

PLASMA IgG 
DAY 

0 1 4 
mg/L % mg/L % mg/L 

BURN 

1 2020 100 790 34 2260 
2 2260 100 1190 53 2960 
3 2260 100 1810 80 3720 
4 1590 10C 790 50 2020 
5 4240 100 1810 43 3980 
6 2720 100 1390 51 2960 

CONTROL 

1 2260 100 2260 100 2480 
2 32C 0 100 3720 116 4240 
3 24'JO 100 3460 140 
4 2720 100 2960 109 2960 
5 3590 100 3200 89 

MEAN BURN 53 
CONTROL 111 

8 12 16 
% mg/L % mg/L % mg/L % 

112 2720 135 2480 123 3720 184 
131 2260 100 1810 80 2260 100 
165 3720 165 4240 188 5368 237 
12, 1810 114 1810 114 2720 171 
94 2720 64 3480 94 5360 126 

109 2020 74 3980 146 5080 187 

110 2960 131 2960 131 2480 110 
13? 4520 141 . . 4800 150 

2960 119 3460 140 5080 205 
109 2720 100 . . 2720 100 

3460 96 5080 142 4820 126 

123 109 124 168 
117 117 138 138 
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TABLE 3 
PLASMA IgA 

DAY 

12 16 
mg/L % mg/L % 

BURN 

1 
2 
3 
4 
5 
6 

CONTROL 

1 
2 
3 
4 
5 

0 
mg/L % 

83 100 
96 100 
80 100 
73 100 
78 100 
70 100 

86 100 
75 100 
81 100 
89 100 

102 100 

1 
mg/L % 

48 58 
70 74 
48 60 
48 65 
51 64 
53 76 

83 96 
80 106 
96 118 
83 93 
89 87 

4 
mg/L % 

75 91 
86 90 
75 94 
59 80 
92 118 
73 104 

96 111 
106 141 

86 97 
92 90 

96 
110 

8 
mg/L % 

75 91 
80 83 
86 108 
70 96 
78 100 
67 96 

96 111 
106 141 
96 118 
99 111 

102 100 

96 
116 

106 129 
99 104 
89 112 
99 135 
99 126 
96 136 

116 136 
104 139 
106 131 
96 108 

116 114 

124 
126 

91 110 
89 93 
80 100 

106 145 
99 126 
78 110 

92 108 
106 141 
96 118 

106 120 
104 102 

114 
118 

MEAN BURN 66 
CONTROL 100 

TABLE 4 

DAY 
(% Of DAY 0) 

8 12 16 

IgM Burn 54 
Control 102 

IgG Burn 53 
Control 111 

IgA Burn 66 
Control 100 

107 
115 

123 
117 

96 
110 

94 
125 

109 
117 

96 
116 

97 
113 

124 
138 

124 
126 

91 
112 

168 
138 

114 
118 
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TABLE 5 

LOG2 HEMAGGLUTINATION TITERS 
FOR THE PRIMARY SRBC RESPONSE 

Burn, 2% Dose 
Day 

4 6 8 11 15 
Animal 

1 16 64 64 32 32 
2 16 64 64 64 64 
3 16 64 64 32 32 
4 16 64 64 64 32 
5 0 32 64 32 32 
6 16 64 64 32 32 

Burn, 0.2% Dose 
Day 

4 6 8 11 15 
Animal 

0 32 32 32 32 
0 16 16 16 0 
0 32 16 32 16 
0 32 32 32 32 

Sham-Burn 2% Dose 
Day 

4 6 8 11 15 
Animal 

1 0 32 32 32 32 
2 0 32 32 32 32 
3 0 16 16 16 32 
4 4 32 32 32 64 
5 0 32 16 32 32 

Sham-Burn 0.2% Dose 
Day 

4 6 8 11 15 
Animal 

1 0 0 0 0 0 
2 0 0 0 0 0 
3 0 16 0 0 0 
4 16 16 0 0 0 
5 0 0 0 0 0 

TABLE 6 

SUMMARY TABLE OF LOG2 HEMAGGLUTINATION TITERS 
FOR THE PRIMARY SRBC RESPONSE 

Burn 
Dose 2.0% 

Control Burn Control 
2.0% 0.2% 0.2% 

4 
6 

Day 8 
11 
15 

16 (1) 0 
64 32 
64 32 
32 32 
32 32 

0 
32 
32 
32 
32 

0 
0 
0 
0 
0 

(1) mode values 
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TABLE 7 

LOG2 HEMAGGLUTINATION TITERS FOR THE SECONDARY SRBC RESPONSE 

Burn, 2% Dose 
Day 

0 3 9 
Animal 

1 64 32 64 
2 64 64 64 
3 32 32 64 
4 . 16 16 
5 64 32 64 
6 16 16 64 

Burn, 0.2% Dose 
Day 

0 3 9 
Animal 

1 . 16 32 
2 64 64 64 
3 64 32 16 
4 32 16 64 
5 64 16 32 
6 16 . 32 

Sham-Burn 2% Dose 
Day 

0 3 9 
Animal 

1 128 64 64 
2 32 32 64 
3 32 16 32 
4 32 32 64 
5 . 64 128 
6 32 32 64 

Sham-Burn 0.2% Dose 
Day 

0 3 9 
Animal 

1 32 16 32 
2 64 32 64 
3 32 32 32 
4 64 32 32 
5 128 64 128 
6 32 32 64 

TABLE 8 

SUMMARY TABLE OF LOG2 HEMAGGLUTINATION TITERS 
FOR THE SECONDARY SRBC RESPONSE 

Day 

Dose 

0 
3 
9 

Burn 
2.0% 

64 (1) 
32 
64 

Control 
2.0% 

32 
32 
64 

Burn 
0.2% 

64 
16 
32 

Control 
0.2% 

32 
32 
32 

(1) mode values 

350 



REFERENCES 

1. Alexander MC, Moncrief JA: Alterations of the immune response 
following severe thermal injury. Arch Surg 93:75-83, 1966) 

2. Snedecor GW, Cochran WG: Statistical Methods Iowa State 
University Press, Iowa, 1974. 

3. Munster AM, Hoagland HC, Pruitt BA Jr: The effect of thermal 
injury on serum immunoglobulins. Ann Surg 172:965-969, 1970. 

4. Shorr RM, Ershler WR, Gamelli RL: Immunoglobulin production in 
burned patients. J Trauma 24:319—322, 1984. 

PUBLICATIONS 

1. Shippee RL, Watiwat S: Effect of zinc nutriture on postburn 
amamnestic response. Federation of the American Society of 
Experimental Biology. Abstract #3875, April 1990. 

351 



ft. NAME 

US Army Institute of Surgical Research 
*>• AOONCSS Itncluä* tip codti 

Fort Sam Houston 
San Antonio, Texas 
name of responsible individual 

—PRUITT, B A 
* TlL«PMOÑÍNÜSS*Ñ^¡í¡í^7^r 

78234-5012 

ai. general use 

ë. NAME 

US Army Institute of Surgical Research 
b. ADDRESS 

Fort Sam Houston 
San Antonio, Texas 78234-5012 

c. NAME OF PRINCIPAL INVESTIGATOR 

BURLESON, D G_ 
a. TELEPHONE NUMSER (Includt m cod'i 

512-221-7138_ 

' yRnSTASSAClrTE INVeSTIGAT0R 11/ avatlabt*> 

“ y-j.ur r 
K,V¥l'0"t>* will, Steurtly OMflnUon Cod*I ( U Burns 

_ (U) Immunosuppression _ 
” J“=H~ICAL OBJECTIVE » APPROACH ,s. PROGRESS IPrtcid* t&xt of neh u/tth Sweurity Clmatiftemlion Code, 

ILá 0^ectiv« of this work is to delineate the role of IL 1 

^n'sr‘r"“-in” n^£‘'s"" hRalt-hv nr*rsï iS s 11 ^1 can11 y increased in burn patients above thaw of 

uîi ^oîîb^i*' ILsh.IL ?"d.TNr ^ »' 
manifestations.' *' lnfettion, or other burn-associated 

25. (U) 8710 - 8809. Not applicable. 

Council! US^Armv^nstitutpSnfr^eC^ approved by the USAISR Research 

ííõÂ^írK*“*1 ^rss“s?„“ïïun;rîsd 
in the stud, díri2r^nSrêpo“uglpnÍíd!589' en"lled 

in thiUítJdÍ0dúri!29;hácÍne Pa5ients and 17 control subjects were enrolled 
were anal»«,* Í 9 reporting pence and a total of 409 serum samples 
patients above thatrf* and IL but not TNF» were increased in burn 
?.«•?«* abov* that found in control subjects. In surviving patients il l 
lavai. u.r. positiu.lv corralatad with ¿urn sise, ÎÏ 6 U^ aid ^isíS.s 

352 



CONTINUATION OF DD FORM 1498 FOR THE PROJECT ^JJTÏTLED 
"INTERLEUKIN 1 (IL 1) ACTIVITY IN THE SERUM OF BURNED RATS AND 
THERMALLY INJURED PATIENTS" 

of infection and negatively 
IL 6 levels were increased in 
survivors. 

correlated with time postburn, 
patients who died as compared to 

353 



5?"Ï5MENTAL W0RK UNIT INFORMATION FOR THE PROJECT ENTITLED 
m¿-TERI*EÜKIN ^ ^IL ACTIVITY IN THE SERUM OF BURNED RATS AND 
THERMALLY INJURED PATIENTS" 

Subrecord/Linking Accession Number: Not applicable. 

Search Control Data: W6L37A/W6L37E, 20 October 1989 

Product Identification: For technical reports, refer to the US 
Army Institute of Surgical Research Annual Research ProqreFs 
Report for fiscal years a—— 

Unclassified Special Categories: Volunteers: Adults; RA II 

354 



ANNUAL RESEARCH PROGRESS REPORT 

PROJECT NUMBER: 3M161102BS14-00, RESEARCH 

PROJECT TITLE: Interleukin 1 (IL1) Activity in the Serum of Burned 
Rats and Thermr.lly Injured Patients 

US ARMY INSTITUTE OF SURGICAL RESEARCH 
FORT SAM HOUSTON 

SAN ANTONIO, TEXAS 78234-5012 

1 October 1989 - 30 September 1990 

INVESTIGATORS 

David G. Burleson, PhD, Lieutenant Colonel, MS 
Adriane C. Drost, MS 

Arthur D. Mason, Jr., MD 
Basil A. Pruitt, Jr., MD, Colonel, MC 

355 



ABSTRACT 

PROJECT NUMBER: 3M161102BS14-00, RESEARCH 

PROJECT TITLE: Interleukin 1 (ILl) Activity in the Serum of Burned 
Rats and Thermally Injured Patients 

INSTITUTION: 

PERIOD COVERED IN THIS REPORT: 

US Army Institute of Surgical Research, Fort 
Sam Houston, San Antonio, Texas 7823—5012 

1 Oct 89 through 30 Sep 90 

INVESTIGATORS: David G. Burleson, Ph.D., Lieutenant Colonel, MS 
Adriane C. Drost, MS 
Arthur D. Mason, Jr., MD 
Basil A. Pruitt, Jr., MD, Colonel, MC 

factora iTNFaT^n?1^3?3 iint®rl^Ukin lß <ILlß> ' tumor necrosis tactor“ (TNFa), and interleukin 6 (IL6) in burned patients for un 

Linked T!nmekS po®tburn - The cytokines were measured by Enzyme 

c¿íok?neTUnOSOí Assay (ELISA) and the correlations between 
cytokine concentrations and burn size, postburn time mortalit-v 

were1sionificant1v determin®d\ Mean ILlß and IL6 concentrations 
were significantly increased in the plasma of burn oatieni-Q a a 
compared to healthy laboratory employees. patients as 

w-as a P°sitive correlation between iLlß and postburn 
ï and w2lthJf^nificantly elevated ILlß levels during postbSrn week 

first week nõstburí 6 T" 3^nificantly el«vated only during the rirsc week postburn. A positive correlation between ILlß and Huv« 
size was observed. Mean ILlß concentrations in parents ®i?iî to?aî 
thnv«Srt, ac® burns between 20 and 39% were significantly lower than 

On the Phatlehnt3e "lth * total bodY surface burn greater than 40% 
patients wfth b" ' mean ™F“ levels were significantly higher ii 

Lm as3com^dto ’t^se^S^fw^h20!^^/1 Su^i^ 

?u^v^gh\da^sfi aanndtlyco^rroeis3ed ^re^t ^ 
significantly increased in patients who had infections during their 
recorvery, compared to patients who remained infectTon ^ 

ILlß TíndSe t-ho31^3 ®ugg®st a direct relationship between plasm î 

eïevated in almoïfa^ °Kf injury' whereas IL6 Reared 1,®^ d. almost all burn patients regardless of burn size and 
rpfaîod ^ncfeased during infections. TNFa appeared more closelv 
related to infection than to burn injury itself. ^ 
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INTERLEUKIN 1 (ILl) ACTIVITY IN THE SERUM OF BURNED RATS AND 
THEREMALLY INJURED PATIENTS 

INTRODUCTION 

The survival of patients with thermal injuries remains 
jeopardized by infection, despite improvements in treatment during 
the last decade. Many aspects of the immune system are altered 
after burn injury, and these alterations may influence the 
susceptibility to infection in these patients. Several cytokines 
have been shown to modulate a number of immunological reactions 
throughout the body, including the response to infection. Changes 
in the production of cytokines may influence resistance to 
infection in burned patients. 

Interleukin Iß (ILl) is an endogenous pyrogen which induces a 
variety of acute-phase reactions (1). IL2 dependent T cell pro¬ 
liferation is induced by ILl, leading to specific antigen dependent 
immune responses (2). Furthermore, ILl stimulates the production 
of other cytokines such as interleukin 6 (IL6) (3-5). 

Originally IL6 vras identified as a B cell differentiation 
factor (6) which induced antibody production. Now its biological 
effects are known to include T cell activation (7), hepatic acute 
phase protein synthesis (8), stimulation of hematopoiesis (9), and 
inhibition of tumor cell growth (10). 

TNF or cachectin is classically known for its ability to cause 
necrosis of tumors (11) • It also has effects on normal cells, such 
as stimulation of fibroblast growth (12) and modulation of granulo¬ 
poiesis. TNF affects bone resorption, the production and function 
of granulocytes, hemostasis, and lipid metabolism (13). TNF can 
induce IL6 (14,15) and ILl (16). Most importantly, TNF is thought 
to be a primary mediator of host inflammatory response (17). 

All three cytokines have been extensively studied in 
infectious disease. ILlß, which is one of two existing forms of 
ILl, is increased in the plasma of patients with septic shock (18) 
and in the colonic mucosa of patients with active inflammatory 
bowel disease (19) . ILla, ILlß, and TNFa production is increased 
in cultured peripheral blood monocytes from patients with 
scleroderma (20). IL6 levels in several body fluids are elevated 
in patients with bacterial infections (21). Patients with 
mechanical trauma synthesize increased amounts of IL6 over a 14 day 
period after injury (22). Plasma IL6 levels are increased in 
patients with sepsis and septic shock (23). Patients with 
rheumatoid arthritis and other inflammatory arthritides have high 
levels of IL6 in synovial fluids (24) . The production of all three 
cytokines appear to be altered following major trauma and 
infection. This suggests that they may be altered following 
thermal injury as well. 
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T^e current study was to monitor plasma cytokines 
following thermal injury and establish relationships between these 
cytokines and the clinical course of the patients. The potential 
usefulness of monitoring cytokine levels as a diagnostic tool and 
as a basis for planning therapeutic regimes was explored. 

METHODS 

Specimens. The patients entered into the study had burns 
ranging from 17.5 to 89% of total body surface area and an average 
a?e 35*8 years- They were normotensive and hemodynamically 
stable after uneventful rescucitation. Healthy laboratory 
personnel with an average age of 37.9 years served as the control 
group. Blood was drawn three times a week between 5:00-6:00 a.m. 

blood collection tubes. The specimens were centrifuged 
™o/; for 20 min’ and 1 ml aliquots of plasma were stored at 

7n nnrtuntll*ass?y'. p;i;atelets were removed by centrifugation at 
10,000 rpm for 1 min. immediately before assaying. 

Plasma ILlß concentrations were measured in 253 samples from 
- patients. 409 samples from 28 patients were tested for TNF 

content and IL6 was measured in 399 samples from 28 patients 
Cytokine levels were compared to 17 samples from 16 healthy 
laboratory employees. 

SA- Plasma levels of the cytokines were measured by ELISA. 
üLlß and TNFa ELISAs were purchased from Cistron Biotechnology, NJ 
and the IL6 ELISA was purchased from Genzyme Corporation, MA. All 
three kits were sandwich ELISAs in which the measured molecule was 
first bound by a primary monoclonal antibody and subsequently by a 
rabbit polyclonal antibody. The reactions were amplified by a goat 
anti-rabbit IgG conjugated to horseradish peroxidase enzyme, and 
visualized by production of colored substrates in a peroxide sub- 
strate system. The color intensity was proportional to the amount 
of bound conjugate and, therefore, to the amount of cytokine 
present. 

Test Standards. The amount of each cytokine bound to its 
respective antibodies was measured with a MR600 microplate reader 
(Dynatech Laboratories Inc., VA) at 490 nm or 450 nm. The cytokine 
concentrations were calculated by comparing the absorbance of each 
sample to the absorbance of a standard curve consisting of pooled 
control plasma enriched with known amounts of recombinant cytokine. 
Sample* measurements were accepted as different from 0 when their 
absorbance was two standard deviations above that of nonspecific 

bin5i«g- NSB* * Pooled control plasma without cytokine added served 
as NSB in all ELISAS. 

Data Analysis. Statistical significance was determined by T- 
??e~?ay. AH31!'3!3 of Variance in conjunction with Tukey 

(BMDP Statistical Software, Los Angeles, CA), rejecting the null 
hypothesis at p < .05. 
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RESULTS 

The ELISA kits were tested for interference from nonspecific 
plasma factors. Increasing amounts of hrILIß, hrIL6 or hrTNFa were 
added to bovine serum albumin (BSA) or pooled control plasma and 
run in the appropriate ELISA. Standard curves were calculated and 
recoveries compared. Figure 1 shows that ILlß standard curves 
coincided when either BSA or control plasma served as buffer. 
Furthermore, the average recovery of hrILIß in control plasma was 
95 8%. Increasing amounts of hrTNFa were suspended in BSA or 
control plasma and run in the TNF-ELISA (Fig 1) . The standard 
curve in BSA had a steeper slope than in control plasma. Further 
more, adding 200 pg/ml hrTNFa to patient plasma resulted in a 
calculated recovery of 238 pg/ml. These data suggest that a factor 
present in control plasma interfered with TNFa detection, de¬ 
creasing the absorbance of samples at high concentrations more than 
at low concentrations, thereby increasing the calculated recovery 
in plasma samples. As a result, the concentrations in this report 
are relative rather than absolute TNFa concentrations. 

Standard curves in the IL6-ELISA also had different slopes 
depending on the matrix used (Fig 2). Since hrIL6 diluted in BSA 
had a higher absorbance than hrIL6 diluted in control plasma, 
adding 1.25 ng/ml hrIL6 to patient plasma resulted in a calculated 
recovery of 1.17 ng/ml. Thus, it appeared that an endogenous plasma 
factor also interfered slightly with IL6 measurements. 

Plasma Cytokines Following Thermal Injury. Free circulating 
ILlß, IL6 and TNFa were measured three times a week for up to six 
weeks in the plasma of 27 patients with severe thermal injury. 
Plasma cytokine concentrations in burn patients were compared to 
those of healthy laboratory personnel. Table 1 shows that mean 
levels of ILlß and IL6 were significantly increased in burned 
patients as compared to healthy laboratory personnel. The mean 
TNFa concentration was also higher, but not significantly different 

from controls. 

Cytokines And Time Postburn. To explore the course of ILlß and 
IL6 following thermal injury, results from patient plasma samples 
were grouped by postburn week for comparison. As displayed in 
Figure 3, mean plasma ILlß concentrations were significantly in 
creased during postburn week 1 and 2 (p < 0.01 and p < 0.05 
respectively) and decreased until almost normal levels were reached 

in postburn week six. 

Mean plasma IL6 levels (Fig 4) were significantly increased 
during the first postburn week (p < 0.01), but were nearly normal 
by the second postburn week. 

Mean plasma TNFa concentration was also high during the first 
postburn week and decreased thereafter, but the mean concentration 
was not significantly different from control (data not shown). 
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Cytokines And Burn Size. The relationship between 

examined pîas.J"'?,.,';’*6'* °l t0-al b0dy 3urface buri> also examined. Plasma ILlß concentrations positively correlated wifh 

ÏÏ^e?ÎJ°,t,al.K0dy 3Urfa0e bUrn (^-3597). When groíped by bírn 
hnrn / 5 5 k mean plasma ILlß concentration from patients with 
burn sizes between 40-59% total body surface was hioher Vh^n 
mean ILlß concentration of healthy laboratory employais (p < 0 On 
sSlfa3caeme b?3 h?6 f°r aampleS from Patients «ith a total body surface burn larger than 60%. The averaoe olasma ttir 

totainbídtl0n patient.s with burn injuries ranging from 40-59% 
^hal,b0dy ®urface was significantly higher than that of patients 
with burn sizes of 20-39% total body surface (p < 0 01) but th** 

a5I«IVere\o0tnr«8artain0t%in PabientS ”ith buJPsire°s ra’ngin^frol 
60% different from those with burn sizes greater than 

,IL6 <íld not correlate with the extent of burn iniurv 
I 9 ?' Pl,a3ma ™F“ levels were higher in patients lith 

smali burn sizes (20-39% total body surface burn) than in patiüts 

Ô oî) ïdrIta31n2oet3 shown fr0m 40’60% t0tal b°dy 5urfaca burn <P < 

be^include^in 

Figure 6 shows that the mean plasma IL6 concentration ot 
nonsurviving patients was significantly above tha? of survivinf 

oatiPntQ °r contro.ls (p < 0-01)- Plasma TNFa levels from surviving 
patients were also increased, but the difference waJ no? 
statistically significant (data not shown). 

burn patients ^^'subLqu^nllTXd ‘’^Ln^fflI^ho^ ^ 

Ä” daay l3'a had Very hi*h Ib6 1edvels bet„een ¿oItburhn0 dayfoll 
and five which declined thereafter. The patient was diagnosed as 
having pneumonia (S. aureus) one day after the oeak n]a«*ma tt*; 

aJ^ow^and1011 onHp?stbu^n day six (designated in the figure by an 

?reatLnt started onTh.T (aspe;?illus) on postburn day seïen. 
oostbur^dst d S-thendays of diagnosis. Patient 13 expired on 
three Sne dav hP^1Sv%P ma.IL6 profile peaked on postburn day tnree, one day before he was diagnosed and treated for seosis 
aaisaa) (arrow). Patient 25 was diagnosed as having slpsls ™ 

lOTelIr"ndMtiMtI ?nd dled f," po3tburri day five. The® plasma IL6 

days befSre the patientsadled at ralatively 1o“ lavels a few 

Plasma Cytokinaa And Infection, m view of the aooarent 
relationship between infection and IL6 levels in nonsurvivino 
patients, we further evaluated the relationship between plasma 
cytokines and infection. Of 27 patients studied? 16 had atllalt 
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one infection during the study period. There were seven instances 
of pneumonia, seven of bronchitis, two of vaginitis, one of wound 
invasion, one of enterocolitis, and three of sepsis. Cytokine 
levels in all samples from infected patients were compared to all 
samples from patients who stayed infection free. Table 2 shows 
that patients who suffered from infections had increased mean ILlß, 
IL6 and TNFa plasma levels as compared to infection free patients. 

In order to examine the relationship between plasma cytokines 
and infection in more detail, infection windows of 10 days were 
assigned where day 5 was the day of infection diagnosis and start 
of treatment. Figure 8 shows IL6 plasma levels in control subjects 
and uninfected patients as compared to infected patients within and 
outside the assigned infection window. IL6 levels within the 
infection window (infected) were significantly higher than plasma 
IL6 levels of patients who stayed infection free (no infection) (p 
< 0.05) There was a tendency for plasma IL6 levels to increase 
further during the course of infection (infected) as compared to 
before or after infectious periods (uninfected) . 

Results of ILlß comparisons are displayed in Figure 9. Samples 
from infected patients outside the infection window (uninfected) 
were significantly higher than those from uninfected patients (no 
infection) and controls (ctr) (p < 0.01). There was no statistical 
difference between plasma ILlß levels inside or outside the 
infection window, although ILlß concentrations were lower within 
the infection window. 

TNFa levels were similar to ILlß (Fig 10) . Plasma samples 
from patients who did not have an infection (no infection) had 
significantly lower TNFa levels than samples from infected patients 
outside the assigned infection window (uninfected) (p < 0.01). 
Again, there was no statistical difference between samples outside 
and inside the infection window. Thus, TNFa and ILlß were higher 
in patients who subsequently became infected as compared to 
patients who remained infection free, but were highest before 
diagnosis and start of treatment. IL6, on the other hand, was 
highest within the infection window. 

DISCUSSION 

The results of this study indicate that mean plasma ILlß and 
IL6 measured by ELISA were significantly increased in patients with 
thermal injury as compared to healthy controls. Mean TNFa did not 
appear significantly different from controls although 10 out of 27 
burn patients examined had plasma TNFa levels up to 30 fold higher 
than healthy laboratory employees. On the other hand, 24 out of 27 
burn patients had elevated plasma IL6 levels at some point in their 
postburn course above that of unburned controls. The TNFa distri¬ 
bution, often seen in patient screening studies, indicates that 
changes in TNFa plasma levels occurred in some cases following 
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thermal injury, 
patients. 

but were not consistently elevated in all burn 

TABLE 1. PLASMA CYTOKINE LEVELS IN BURN PATIENTS 

LABEL iLlß 
[pg/ml] 

CTR 0.34 6±0.205 
n=17 

BURN 1.798±0.144 
n=254 

SIGNIFICANCE p <0.01 

IL6 TNFtt 
[pg/ml] [pg/ml] 

0.298±0.15 
n=17 

0.303±0.303 
n=17 

6.461±1.26 
n=419 

1.012±0.192 
n=407 

p <0.01 

Tabie 1: Plasma cytokine levels were measured by ELISA in healthv 
aboratory personnel (CTR) and burn patients over 6 weeks (BURN). 

n reflects the number of plasma samples included in the group. 

TABLE 2. CYTOKINE LEVELS IN INFECTED AND UNINFECTED PATIENTS 

LABEL CTR NO INFECTION INFECTION 

IL6 0.030±0.015 
in n=17 
ng/ml 

ILlß 0.346±0.205 
in n=17 
pg/ml 

TNFtt 0.303±0.303 
in n=17 
pg/ml 

0.220±0.027 
n=169 

1.339±0.201 
n-101 

0.139±0.081 
n=156 

0.034±0.209 
ns=250 
a 

2.184±0.2 
n=147 
b 

1.540±0.3 
n=253 
c 

Tabie 2: Plasma cytokine levels were measured by ELISA in healthv 
laboratory personnel (CTR), uninfected patients (NO INFECTION) and 
patients who had at least one infection during the course of the 
study (INFECTION) . N is the number of samples included in the 
group, a - p < 0.05 between no infection and infection;b = p < 0 05 
between no infection and infection, p < 0.01 between infection and 
ctr;c p < 0.01 between no infection and infection. 
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TNF AND II 1 ELISA’s 
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VIGORE 1: Regression lines of TNFa and ILlß ELISA's comparing 
standards suspended in BSA or in control plasma. The 
regression lines were calculated by reverse regression of 
the absorbance of different concentrations of cytokine in 
the appropriate buffer. 
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FIGURE 2: Regression line of IL6 ELISA comparing standards 

were^alculated^ hif COntro1 P133"*- The regression lines 
Of hífTL1 by reverse regression of the absorbance 
of different concentrations of cytokine in the 
appropriate buffer. y^me in the 
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PLASMA IL1 AND TIME POSTBURNI 

FIGURE 3: Plasma ILlß in surviving burn patients over time. ILlß 
values from different patients were grouped by postburn 
week and compared to controls. ** = p < 0.01; * - p < 
0.05; +/- SEM. 
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FIGURE 4: Plasma IL6 in burn patients over time. IL6 values from 
different patients were grouped by postburn week and 
compared to controls. ** * p < 0.01s; +/- SEM 
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PLASMA ILl AND DEGREE TOTAL BODY 
SURFACE BURN 

FXGURZ 5: Plasma ILlß levels and the degree of total body surface 
burn in surviving burn patients. The bars represent 
averages of ILlß levels from different burn patients 
grouped by burn size + SEM. ** = p < 0.01. 
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PLASMA IL« VERSUS MORTALITY 

FIGURE 6: Plasma IL6 levels in dying and surviving burn patients as 
compared to controls. Average values + SEM are 
expressed. ** = p < 0.01. 
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IL6 LEVELS IN INFECTED 
BURN PATIENTS 

PBD 

FIGURE 7: Cytokine profiles of 3 patients. The data are expressed 
as the log of the IL6 concentration. EXP refers to the 
expiration of the patient. Arrows indicate infection 
diagnosis. Controls are expressed as the average of 17 
plasma samples from healthy laboratory personnel +/-SEM. 
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MAND INFECTION!i 

PIGURE 8: IL6 plasma levels in uninfected patients (NO INFECTION) 

íüNINFECTEm^nS8 0^8^^ th3.assi9ned infection winded 
(UNINFECTED) and infected patients within the infection 
qFMd?W as compared to controls (CTR) . Mean + 
o£iM x =* p < 0.05. 
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ILl AND INFECTION! 

FIGURE 9: Plasma ILlß levels in patients who stayed infection free 
(NO INFECTION), infected patients outside the assigned 
infection window (UNINFECTED) and infected patients 
within the infection window (INFECTED) as compared to 
controls (CTR) . ** = p < 0.01. Mean + SEM. 

371 



PLASMA TNF AND INFECTION ! 

FIGURE 10: TNFa levels in patients who stayed infection free 
(NO INFECTION), infected patients ouside the 
assigned infection window (UNINFECTED) and infected 
patients within the infetion window (INFECTED) as 
compared to controls (CTR). Mean + SEM ** = n < 
0.01. p 
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In this context it is important to note that the IL6 and TNFa 
measurements reflected relative levels of cytokine present in the 
plasma since plasma factors interfered with cytokine measurements. 
The amount of TNF determined using the standard curve made in BSA 
was about 50% higher than that determined using a standard curve 
made in control plasma. The level of IL6 determined from the BSA 
standard curve was approximately 100% greater than that in control 
plasma. All results were reported on the assumption that the 
interference was similar in control plasma and patient plasma. 

There was a negative correlation between ILlß levels and time 
postburn. The cytokine was significantly increased during the 
first two weeks postburn and decreased to almost normal levels by 
postburn week six. This corresponded to the time post injury that 
normal hypermetabolism, hormonal levels and positive nitrogen 
balance are seen in most patients. Another indication of a 
relationship between plasma ILlß levels and the course of burn 
injury was the observation of increasing ILlß levels with 
increasing burn size (Figure 5). 

IL6 was increased during the first week postburn and returned 
to near normal levels thereafter. Most burn patients, regardless 
of burn size or age, had increased TL6 levels compared to healthy 
controls (IL6 was elevated in 24/27 patients). There was no 
correlation between IL6 and burn size, but IL6 was significantly 
increased in the three patients who died as compared to controls 
and patients who survived. In these patients (Figure 7), the 
plasma IL6 was higher early following the injury, decreasing before 
death. Several patients were diagnosed with infection shortly 
after high plasma IL6 concentrations were observed. This 
observation, together with the increase in IL6 within the infection 
window and the tendency to be lower outside the infection window, 
is strong evidence for a direct relationship between IL6 and 
infection. 

ILlß and TNFa were also increased in infected patients as 
compared to uninfected patients. In contrast to IL6, ILlß and TNFa 
were elevated outside the infection window rather than inside the 
ten day infection window. Due to multiple infections in some 
patients, it was not always possible to separate the time before 
from the time after an infection. There are several reports 
describing the induction of IL6 by TNFa and ILlß (25—27) . The 
temporal pattern of increased ILlß and TNFa prior to infection and 
the increase in IL6 during infection support these findings. 
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The optimal nutritional support program for the thermal 
injured patient has not been definid. The abUity of burn pStl 

usually administered as long-chain triglycerides as an 
hhee!ÎÎ^e enerj*y source has been questioned. Few studies comparing 
and iofntTCaCKy °f ®e<!iu,m_chain triglycerides to standard carbohydrate 
and iong-chain triglyceride regimens have been performed Y This 

-s designed to use medium-chain triglycerides, whin 
tii!i!taindn5î sl^nifKlc1ant quantity, as an effective energy source 
to maintain nitrogen balance. Two patients out of a projected 10 
have been enrolled and these patients have completed the^study 
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MEDIUM-CHAIN TRIGLYCERIDE UTILIZATION 
IN THE THERMALLY INJURED PATIENT 

Optimal nutritional support for thermally injured patients has 
yet to be defined. Various studies have questioned the ability of 
burn patients to use fat, usually administered as long-chain 
triglycerides (LCT), as an effective energy source (1-3). Few 
studies comparing the efficacy of medium-chain triglycerides (MCT) 
to standard carbohydrate and LCT regimens have been performed. The 
purpose of this study is to examine the ability of thermally 
injured patients to use MCT when administered in significant 
quantity as an effective energy source to maintain nitrogen 

balance. 

Multiple studies have documented that carbohydrate is used 
preferentially over fat as an energy source when both are 
administered to injured animals and humans (4—7). However, there 
is a physiological limit to the amount of carbohydrate which can be 
effectively utilized by man. Burke et al. (8) has suggested that 
5 mg/kg/min is the amount of carbohydrate which can be administered 
before excessive CO production occurs. Excess carbohydrate 
administered is first transformed to fat, a process which has a RQ 
of 8, meaning for every molecule of oxygen utilized, 8 molecules of 
CO are produced. The fat may then be used as an energy source 
after this conversion. In thermally injured patients, it is 
usually impossible to meet the increased kilocalorie requirements 
using carbohydrate alone if one adheres to this limit. Fat 
administered as LCT can be given to supplement the carbohydrate 
load and meet energy requirements even though the LCT may be 
utilized ineffectively. 

Recent studies have suggested that MCT may be utilized more 
effectively than LCT by injured animals (2-3,9). In comparison to 
LCT, MCT are not stored in liver or fat deposits and are quickly 
oxidized when administered (10) . Maiz et al. (3) has demonstrated 
in a rat burn model that MCT in combination with carbohydrate are 
just as effective as carbohydrate alone in maintaining nitrogen 
balance. However, Stein et al. (4) has demonstrated that when MCT 
are administered as the sole energy source, there is a negative 
nitrogen balance, decreased protein synthesis, and decreased 
peripheral fat stores as compared to carbohydrate alone. 

On a cellular level, Goodwin et al. (1) has investigated the 
ability of hepatocyte mitochondria from burned rats to oxidize both 
MCT and LCT. Oxidation of LCT was decreased when compared to 
normals while beta oxidation of MCT was increased. 

These studies suggest that MCT administered in combination 
with carbohydrate could serve as an effective energy source in 
thermally injured patients. The safety of administration of MCT to 
humans has been documented (10) . No untoward effects of these 
compounds have been reported to date (11-12). Excessive ketone 
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w0eS n0t occur and ketoacidosis has not been a problem 
been noted to decrease after administration, suggesting 

utilization as an energy source. 

__ c^jective of this study is to determine the effects of MCT 
LCTthe respiratory quotient and nitrogen balance as compared to 

MATERIALS AND METHODS 

in °f Pr?tiÄnti*' Ten consecutive patients will be enrolled 
m the study. Two patients have been enrolled to date. 

. TTcratÂriî Admis*ion into the Study. Patients admitted to 
the US Army Institute of Surgical Research who require the use of 
enteral nutrition to meet all nutritional requirements are eligible 
for enrollment in this study. 

Patient Inclusion. Ten patients meeting the followino 
criteria will be considered for enrollment in the study: 9 

1. Male or female patients > 18 yr of age. Female patients 

of8«««6 pr®v?-oualy surgically sterilized or postmenopausal P(> 45 yr 
pregnancy teat P«i°ds > 1 yr) or have a negative 

2. Patients with burns > 30% of the total body surface area. 

... P*tiant Exclusion. Patients meeting the followina criteria 
will be excluded from the study: 

1. Patients < 18 yr of age. 

2. Patients with burns < 30% of the total body surface area. 

3. Any pregnant patient. 

o™- Pat;ientsJf110 have clinical and/or laboratory indications 
a3’ ^iy patient who develops sepsis during participation in 

the study will also be excluded from the study at that time 

Durîn! th* Study P«riod- On postburn day 10, each 
patient is transported to the Metabolic Room prior to the morning 

MMC ^ VC°2 ar.e meaaured utilizing the Horizon 
nai Ctrt i" • The resting energy expenditure (REE) is 
ininíín11?0 aind baseiin? triglyceride, cholesterol, ketone, and 
insulin levels are obtained. 

Each patient is started on enteral nutrition with enerov 
requirements calculated as 1.2 X REE (13). Daily nitrogen 
requirements are calculated as 1 g/150 kcal. Carbohydrates f?e 
administered at a dose of 5 mg/kg/min. The remainder of the 
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kilocalories requirement is administered as LCT. Electrolyte 
composition is tailored according to each individual patient s 
needs. Each patient receives standard vitamins and trace minerals. 
Once the patient's intake has reached his/her projected requirement 
for 3 continuous days, the V02, VC02, REE, nitrogen balance 
calculated from a 24-h UUN, and RQ are measured. Triglyceride, 
cholesterol, insulin, and ketone levels are obtained from a blood 

sample. 

The following calculation is then made: ME (energy metabolism 
in kcal/min) = (5.083 X V02) + (0.138 X VC02) - (0.125 X NM) . NM 
equals nitrogen metabolized in grams per minute calculated from the 

24-h UUN. 

Grams per minute of carbohydrate, fat, and protein metabolized 
are then calculated. The formulae used as previously described by 
Weir depends upon the RQ of the patient at each time. 

The enteral formula is then changed. Protein and carbohydrate 
concentrations remain the same. Fat is administered as 90% MCT and 
10% LCT. After a 3-day stabilization period, the same measurements 

are repeated. 

The enteral formula is again altered. Protein remains the 
same, carbohydrates are reduced to 3.8 mg/kg/min, and fats 
consisting of 90% MCT and 10% LCT are then administered in 
sufficient quantity to meet the REE. The total amount of fat does 
not exceed 3 g/kg/day. After a 3-day stabilization period, all 
measurements are again repeated. 

Upon completion of the study, the patient's enteral formula is 
changed back to a conventional formulation with 5 mg/kg/min 
carbohydrate and the residual caloric needs as 50% LCT and 50% MCT. 

Statistical Analysis. The RQ, nitrogen balance, and 
percentage of calories from carbohydrate, fat, and protein will be 
compared by ANOVA for each patient. 

RESULTS 

Two patients have been enrolled in the study to date. These 
patients have both completed the study. Intestinal intolerance has 
prompted a search for an alternate MCT preparation. 

DISCUSSION 

When the projected total of 10 patients have completed the 
study, the data will be analyzed as to the ability of medium—chain 
triglycerides to serve as an effective energy source in thermally 
injured patients . 
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CALORIC REQUIREMENTS OF THERMALLY INJURED CHILDREN 

• Tje nutritional support program for the thermally 
injured child has not been determined. The caloric requirements of 
a burned child are only marginally estimated by the existing 

ÍÍÍ1™™?'?3’ The Curreri formulas, the Harris-Benedict Equations, and 
the Wilmore nomograms all differ in their estimation of the caloric 

í?níÍr«mentS*. ^i°rv Chii'drer" a 2~yr“Old girl weighing 12 kg 
(50th percentile) and measuring 86 cm in length (50th percentile) 
who has sustained a 40% total body surface area burn will have an 
estimated daily caloric requirement of 2,120 kcal by the original 
Curreri formula for children or 2,200 kcal by the Curreri "Junior" 

f0r 3~yr“olds' 1*839 kcal by the Harris-Benedict 
equation, and 1,600 kcal by the Wilmore nomograms. Determination 
of adequate nutritional support is important since inadequate 
caloric intake may result in protein wasting and malnutrition, 
whereas excess caloric intake can result in fatty infiltration of 
the liver, the fat intoxication syndrome, dehydration secondary to 
hyperglycemia and glucosuria, and excess carbon dioxide production 
with subsequent ventilator weaning failure. All of these potential 
problems could be avoided by the administration of the correct 
number of calories distributed between protein, fat, and 
carbohydrate. ' u 

Nitrogen requirements in thermally injured patients are 
increased over those in uninjured people. Numerous studies have 

7®*“°2Stí3ted iJn^ured' hype metabolic patients demonstrate 
ineffective utilization of administered protein and have an optimum 
nitrogen to calorie ratio between 1:135 and 1:200 (grams nitrogen 
to nonprotem kilocalories). An optimum ratio of 1:150 has been 
recommended by Goodwin (3). Larger amounts of protein create a 
progressively more positive nitrogen balance but have not been 
shown to improve survival (7) . 

The role of fat as a source of nonprotein calories is de¬ 
pendent upon the extent of injury and the other nutrients adminis¬ 
tered. When diets lacking in protein are used, carbohydrate is 

• in bod.y protein than fat. However, when a 
balanceei alimentation regimen containing protein, fat, and 
carbohydrate is devised, consideration is given to the adminis- 
tration of sufficient calories as fat not only to prevent essential 
fatty acid deficiency, but also to supply a large number of 

w „at adl,)inistration in excess of 3 g/kg/day in normal 
infants and 4 g/kg/day in normal adults can produce a fat overload 
syndrome (4) . This has been described as consisting of hyper¬ 
lipidemia, coagulopathy, fever, cholestatic jaundice, and gastro¬ 
intestinal distress. This syndrome is believed to occur when the 
rate of infusion exceeds the maximum rate of peripheral clearance. 
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Studies comparing the utilization of fat and carbohydrate as 
energy sources have been undertaken in unburned surgical patients. 
A controlled study by MacFie et al. (6) demonstrated that the 
administration of as little as 17% of calories as fat can reduce 
the loss of lean body tissue and the accumulation of body fat which 
is seen when glucose is used as the sole nonprotein energy source. 
A positive nitrogen balance has been achieved in postoperative 
patients with regimens supplying 33—38% of nonprotein calories from 
intravenous fat (9). The fat infusions depressed the respiratory 
quotient and insulin levels and they elevated the serum fatty acid 
and ketone levels, whereas the glucose infusions elevated the 
respiratory quotient and the pyruvate, lactate, alanine, and 
insulin levels. A RQ > 1.0 indicates that lipogenesis is occurring 
and that some of the administered calories are being utilized to 
synthesize fat (10) . 

The amount of glucose which can be effectively utilized by a 
stressed, injured patient is also unknown. Based on adult burn 
patients, Burke et al. (1) have proposed that a value of 5 
mg/kg/min is the maximum rate beyond which physiologically 
significant increase in protein synthesis and direct oxidation of 
glucose cannot be expected. At levels above this, there is 
increased carbon dioxide production and increased fatty 
infiltration of the liver. Looking at adult surgical patients. 
Hill and Church (5) have suggested a maximum rate of 7 mg/kg/min. 
However, neither of these studies addresses the situation of a 
burned child and the glucose administration ceiling remains unknown 
in this subpopulation of patients. 

In a thermally injured child, these various formulas and 
recommendations create an impossible situation. Even when the 
lowest caloric estimate is used, the constraints of a 1:150 gram 
nitrogen to nonprotein kilocalories ratio, a maximum of 3 g/kg/day 
fat and a maximum of 5 mg/kg/min glucose are impossible to match. 
At least one of these recommendations must be ignored. The optimum 
nitrogen to kilocalorie ratio is well supported in the literature. 
The fat administration ceiling is well supported in unburned 
children but no data exist in burned children. The carbohydrate 
ceiling has also not been determined in burned children. For these 
reasons, the alimentation regimen which will be used as a starting 
point in this study will be based on the Wilmore nomograms for 
determination of the total caloric requirement. A 1:150 nitrogen 
to kilocalorie ratio will be maintained. The amount of fat will be 
initially limited to 3 g/kg/day and glucose will supply the 
remaining calories. It is expected that this glucose infusion rate 
may be > 5 mg/kg/min. If the patient is unable to tolerate the 
glucose infusion rate needed to deliver the calculated number of 
calories based on the initial estimate, the quantity of fat will be 
increased and the amount of carbohydrate decreased. This will 
continue until the total number of calories delivered equals that 
suggested in the initial estimate. The quantity of lipid 
administered will be kept below that which causes a serum 
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^r^9^yÇ6ride level > 150 itig/dl. If it should prove to be 
impossible to reach the estimated caloric intake due to severe 
hyperglycemia and coexisting hyperlipidemia preventing further 
increase in both glucose and fat infusions, the oxygen consumption 
and carbon dioxide production will be determined at the maximum 
infusion rates which the patient will tolerate. These values shall 
be used as a starting point to calculate a more accurate measure of 
the caloric need. Further adjustments in the calories administered 

_ follow these measurements and the respiratory quotient and 
resting energy expenditure determinations derived from these two 
values. The patient's caloric needs will be determined by 
measurements in the Metabolic Room using the Horizon™ metabolic 
cart and the nutritional support will be adjusted to administer 
kilocalories equal to 1.25 X REE (8), maintain the respiratory 
quotient between 0.85 and 1.00, and maintain a positive nitrogen 
balance. The amount of calories needed to comply with these 
restraints will be considered the patient's caloric requirement. 

MATERIALS AND METHODS 

Number of Patients. Twenty patients will be enrolled in the 
study. Properly signed and witnessed voluntary agreement 
affidavits will be obtained for each patient prior to enrollment in 
the study. 

Inclusion Criteria. Patients meeting the following criteria 
will be eligible for enrollment in the study: 

^ • Patients admitted to the US Army Institute of Surgical 
Research with burn injury. 

2. Male or female patients < 13 yr of age. 

3. Patients with burn wounds > 30% of the total body surface 
area. J 

Critaria. Patients meeting the following criteria 
will be excluded from enrollment in the study: 

1. Patients 13 yr of age and older. 

2. Patients with burn wounds < 30% of the total body surface 
area. 

3. Patients with electrical injury. 

Patients with fractures or major associated injuries. 

5. Patients with inhalation injury. 

6. Patients who are wards of the state or any other agency, 
institution, or entity. 
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Assent. For children from 6-12 yr of age, judgment by the 
primary investigator and the attending surgeon will be made as to 
whether the child is capable of assent. In determining whether the 
child is capable of assenting, the primary investigator and the 
attending surgeon will take into account the age, maturity, and 
psychological state of the child involved. This judgment will be 
made for each child. If it is deemed that the child is capable of 
assent, then the research protocol will be explained to that child 
in terms that he/she will understand. The child will then be 
enrolled in the study if his/her assent is given and permission is 
obtained from the child's parent or legal guardian. If it is 
deemed that the child is not capable of assent or if the child is 
5 years of age or younger, then permission will be obtained from 
the child's parent or legal guardian only. 

Study Procedures. On the fifth postburn day, each patient 
will be transported to the Metabolic Room on Ward 14A prior to the 
morning dressing change. Oxygen consumption and carbon dioxide 
production will be measured using the Horizon™ metabolic cart. The 
environment temperature and humidity will be maintained constant 
throughout each patient's stay in the Metabolic Room. The REE will 
be calculated as will the RQ. Baseline laboratory data will 
include serum electrolytes, creatinine, cholesterol, triglycerides, 
platelet count, prothrombin time, ketone, and insulin values. 
Liver function and partial thromboplastin time tests will also be 
performed. These serum laboratory values will be repeated at the 
time of each subsequent trip to the Metabolic Room for further 
measurements. All measurements in the Metabolic Room will take 
place prior to the morning dressing change. The patient's height 
and baseline weight will be determined upon admission. Weights 
will be obtained on a daily basis. 

The patient will then be begun on alimentation using either 
parenteral hyperalimentation or enteral feeding. If possible, 
enteral feedings will be used to supply the patient's nutrition. 
If the patient's gastrointestinal tract is not capable of 
tolerating enteral feedings for any reason, intravenous 
hyperalimentation will be employed. The total calorie requirement 
will be based upon the lowest estimated caloric need as calculated 
from the Wilmore nomograms, the Curreri formulas, and the 
Harris-Benedict equations. Nitrogen administration will be 
calculated to produce a 1 g of nitrogen to 150 nonprotein kcal 
ratio. Lipids will be administered at a rate of 3 g/kg/day. 
Electrolyte composition of the fluids will be adjusted to the 
patient's needs. Each patient will receive standard vitamin and 
mineral supplements. 

Once the patient's intake has reached the projected 
requirements and has remained stable for 3 days, the patient will 
be transported to the Metabolic Room where oxygen consumption and 
carbon dioxide production will again be measured. A 24—h urine 
collection will be obtained on that day as well. From this data. 
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the RQ and REE will calculated. The grams of totally metabolized 
nitrogen, carbohydrate, and fat as well as the nitrogen balance 
will also be calculated. 

Eased on the new RQ, REE, and nitrogen balance measurements, 
caloric requirements will be recalculated. If the RQ value is 

< 0.85, the total number of calories will be increased by 10% 
maintaining the 1:150 gram of nitrogen to kilocalories ratio and 
the 3 g/kg/day lipid infusion rate. If the RQ is > 1.0, nitrogen, 
carbohydrate, and fat will be examined in an effort to determine 
which component or components (protein, carbohydrate, fat) should 
be reduced m order to decrease the total number of calories by 10% 

After a 3-day stabilization period, these metabolic 
measurements will be rechecked and again the caloric intake 
adjusted to bring the RQ to between 0.85 and 1.0 and to keep the 
nitrogen balance positive. This 3-day cycle will be repeated until 
the caloric need is determined and met for two successive, 3-dav 
cycle measurements. This will be determined by a positive nitrogen 
balance, a RQ between 0.85 and 1.0, and a caloric intake equal to 
1.Z5 X REE. Caloric needs shall be redetermined following anv 
operative procedure after a 3-day stabilization period. During 
these days, alimentation will be maintained at the preoperative 

RESULTS 

This project was approved by the US Army Institute of Surgical 
Research Human Use Committee on 9 October 1987. No suitable 
pediatric patients were admitted to the Institute during this 
reporting period. Patients will be asked to enroll in the study as 
they become available. y 

DISCUSSION 

When 20 patients have completed the study, the data will be 
?u£ued determine the optimum nutritional support program for 
the thermally injured child. y 
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CONTINUATION OF DD FORM 1498 FOR THE PROJECT ENTITLED "SALT AND 
WATER BALANCE IN THE THERMALLY INJURED PATIENT" 

(U) 8910 - 9009. Ten patients and 10 control subjects 
were enrolled in the study during this reporting period. Upon 
enrollment of 20 patients and 20 control subjects, the data 
will be analyzed to better define the neurohormonal and fluid 
volume alterations which occur following thermal injury. 
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ABSTRACT 

PROJECT NUMBER: 3M161102BS14-00, RESEARCH 

PROJECT TITLE: Salt and Water Balance in the Thermally Injured 
Patient 

INSTITUTION: US Army Institute of Surgical Research, Fort Sam 
Houston, San Antonio, Texas 78234-5012 

PERIOD COVERED IN THIS REPORT: 1 Oct 89 through 30 Sep 90 

INVESTIGATORS: William G. Cioffi, Jr., MD, Major, MC 
George M. Vaughan, MD, Colonel, MC 
J.D. Heironimus 

Control of solute and water retention following resuscitation 
for thermal injury has been thought to depend upon a resetting of 
hormonal control mechanisms. We measured serum sodium, plasma 
renin activity (PRA), arginine vasopressin (AVP), cardiac index 
(Cl), glomerular filtration rate (GFR, 99mTc-DTPA), effective renal 
plasma flow (ERPF, 131I-hippurate), and total blood volume (BV) in 
four burned patients (mean age, total burn size, and postburn day - 
33.6 years, 60.6%, and 10 days) and most of these variables in five 
control subjects (mean age 25 years). Hematocrit was 28 ± 0.5% in 
the patients. Cardiac index, GFR and ERPF were significantly 
elevated in the patients. Despite findings related to increased 
flow, BV (based on 51Cr-labelled red cells) was not elevated. PRA 
and AVP (elevated) were altered in the direction expected from 
reduced effective volume. Because of vasodilation even in areas 
outside the wound, indices of organ perfusion may not reflect BV or 
effective volume at hormonal control sites. The dissociation of 
organ flow and hormonal response indicates that simultaneous direct 
volume measurements are necessary before valid claims can be made 
for altered neural set-points to explain hormonal changes in the 
flow phase of injury. 
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SALT AMD KAT1R BALANCE IN THE THERMALLY INJURED PATIENT 

INTRODUCTION 

Factors responsible for sodium and volume regulation following 
injury are not clearly understood. Several authors have inter¬ 
preted their data to imply that resetting of hormonal control 
mechanisms occurs following thermal injury, and that this is a 
stress response and not sodium and volume—dependent (1-2). 
Although various studies have examined one or two factors 
responsible for sodium and volume regulation following thermal 
injury, no one has studied the system as a whole. In normal man, 
antidiuretic hormone (ADH), atrial natriuretic peptide (ANP), and 
the renin-angiotensin-aldosterone loop are responsible for salt and 
water balance. How these systems interact following thermal injury 
is unknown. 

The ADH response following thermal injury has been recently 
examined (2-4). Morgan et al. have concluded that ADH levels are 
elevated postburn and remain so for seven to ten days. In 
addition, the increased ADH levels appear to have little relation 
to the serum osmolality and do not affect urine output. There is 
no satisfactory explanation for this at present. None of these 
studies have measured blood or plasma volume simultaneously with 
the measurements of ADH. 

The renin-angiotensin-aldosterone axis has been examined in 
thermal injury (1) . Shirani ai ■ suggested that the elevated 
plasma levels of renin, angiotensin I, angiotensin II, and 
aldosterone following thermal injury reflect a resetting of 
hormonal control and are not dependent upon an effective plasma 
volume deficit. No volume measurements were made in this study. 
In this group of patients, combinations of these hormones did 
remain volume-responsive as verified by saline-loading tests. 

ANP, a potent natriuretic and diuretic as well as a vaso¬ 
relaxant agent, is present in mammalian cardiac atria (5). Central 
hypervolemia and increased blood pressure have been postulated as 
factors promoting ANP secretion (6). The vasorelaxant properties 
of ANP appear to be mediated by an increased level of intracellular 
cyclic guanosine monophosphate (GMP) which antagonizes the vaso¬ 
pressor effects of angiotensin II an norepinephrine (6) . Infusion 
of ANP in humê.ns effects a profound natriuresis with an accompany¬ 
ing diuresis (7). The mechanism by which ANP causes these changes 
is unclear. In animal models, infusion of ANP causes an increase 
in the glomerular filtration rate (GFR) as well as sodium excretion 
(8) . It appears, at least in part, that the mechanism responsible 
for natriuresis is the increase in GFR. No proximal tubular effect 
of ANP has been documented. The renal effects of ANP can be 
blocked by calcium channel blockers, suggesting that its effects 
are calcium dependent (8). 
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ANP also has an effect on ADH release and the renin- 
angiotensin-aldosterone axis. In isolated rat posterior pituitary 
lobes, ANP causes a massive release of ADH (9) . other invest¬ 
igators have indicated that in isolated hypothalamic hypophyseal 
preparations, ANP induces a decrease in ADH. ANP induction of ADH 
release may serve as a negative feedback loop regulating the 
actions of ANP. The effects of ANP on the renin-angiotensin- 
aldosterone axis appear to be more constant. Infusion of ANP 

a ‘i®01®33® of Plasma renin activity and renin excretion 
(10,12) and at the same time blunts aldosterone release stimulated 
by angiotensin II (11-12). 

A syndrome of inappropriately low plasma aldosterone levels in 
the presence of elevated plasma renin activity has been identified 
in a subset of critically ill patients and was associated with a 
higher mortality during critical illness (13). The nature of this 
abnormality has not been elucidated. Elevated ANP could explain 
this dissociation during critical illness, with its ability to 
decrease aldosterone levels in the face of an activated renin 
system (14). 

The effects of thermal injury on plasma ANP level and how it 
in turn affects salt and water balance have not been described. 

Study Objective. The purpose of this study will be to 
describe the alterations of plasma levels of ADH, ANP, and the 
renin—angiotensin—aldosterone axis following thermal injury as 
related to plasma volume, osmolality, and tonicity. The informa¬ 
tion generated will permit refinement of fluid resuscitation 
regimens for severely burned and critically ill patients. 

MATERIALS AND METHODS 

Number of Patients: Twenty consecutive patients admitted to 
the US Army Institute of Surgical Research will be eligible for 
entry into this study. y 

2. Selection of Patients: 

a. Inclusion Criteria: Patients meeting the following 
criteria will be eligible for entry into the study: 

(1) Male or female patients older than 18 years of age. 
Female patients must have been surgically sterilized, be post¬ 
menopausal (over 45 years of age and lack of menstrual periods for 
at least one year), or have a negative pregnancy test prior to 
entry into the study. 

(2) Patients with burns between 30 and 80 percent of the 
total body surface area. 
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(3) Patients admitted to the U.S. Army Institute of 
Surgical Research within 24 hours of the time of injury. 

b. Exclusion Criteria: Patients meeting the following 
criteria will be excluded from the study: 

(1) Patients younger than 18 years of age. 

(2) Any pregnant patient. 

(3) Patients with burns of less than 30 percent or more 
than 80 percent of the total body surface area. 

(4) Patients admitted to the United States Army Institute 
of Surgical Research more than 24 hours postburn. 

(5) Patients with a history of diabetes mellitus or 
congestive heart failure. 

(6) Patients with a history of treatment for hypertension 
within the past month. 

(7) Patients with concomitant central nervous system 
injury. 

(8) Patients with sepsis or who develop sepsis during the 
study period. 

(9) Patients with acute renal failure or who develop 
acute renal failure during the study period (defined as an acute 
rise in serum creatinine to a level greater than 1.5). 

3. Patient Procedure During the Study Period: 

a. Part I. Upon enrollment into the study, the following 
data will be collected each day for each patient on postburn days 
2 through 10: 

(1) Percentage of the total body surface area burned. 

(2) Medication administered. 

(3) Body weight. 

(4) Total intake of water and salt. 

(5) Urine and nasogastric output, to include volume as 
well as sodium and potassium content. 

(6) Serum concentrations of sodium, potassium, chloride, 
glucose, phosphate, uric acid, urea nitrogen, creatinine, and b2- 
microglobulin. 
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(7) Serum and urine osmolality. 

(8) Urine concentrations of creatinine, urea nitrogen, 
phosphate, total protein, b2"microglobulin, and aldosterone from a 
24 hour urine sample. 

u this data, the endogenous GFR, osmolal clearance, 
h20(CH20) clearance, and fractional excretion of sodium will be 
calculated. 

At 0700 hours each morning at the time of the routine blood 
drawing, blood will be obtained for ADH, ANP, plasma renin 
activity, and aldosterone assays. 

b. Part II. On postburn days 2, 5, and 10, intravascular 
volume measurements will be made utilizing chromium-labeled red 
blood cells to measure red cell volume (see Appendix A) . Total 
blood volume will than be calculated after measuring a central 
hematocrit. 

On postburn day five, a Swan-Ganz catheter, if not already in 
place, win be inserted through the central line which the patient 
will already have for clinical care and readings of cardiac output 
and pulmonary artery occlusion pressures will be recorded 
Systemic vascular resistance will be calculated from the 
appropriate variables. 

. A^s? on postburn day 5, GFR will be measured utilizing both 
the inulin technique and radioisotopes (See Appendix B) . Effective 
renal plasma flow will be measured using a calorimetric hippurate 
stu?y as well as a radioisotope (see Appendix C) . Inulin clearance 
will be repeated for any patient who demonstrates a subsequent 
decrease in renal function during the hospital course. 

NOTE: All tests involving radioactivity will be performed in 
conjunction with the Nuclear Medicine Department, Brooke 
Army Medical Center. 

RESULTS 

Ten patients and ten normal volunteers have been entered into 
this protocol during this reporting period. Complete data from 
four of the burn patients and five of the controls are available. 
The mean age, total burn size, and postburn day of study of the 
burn patients were 33.6 years, 60.6%, and 10 days respectively. 
The mean age of the five control subjects was 25 years. Table 1 
contains the mean data and standard error of the mean for serum 
sodium, plasma renin activity, vasopressin level, cardiac index 
glomerular filtration rate, effective renal plasma flow, and blood 
volume. Cardiac index, glomerular filtration rate, and effective 
renal plasma flow were significantly elevated in the patients as 
compared to the controls. In addition, plasma renin activity and 
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vasopressin levels were markedly elevated in the patients. Blood 
volume measurements in the patients were 87% of predicted. 

TABLE 1 

Serum Na+ (mM) 
PRA (ng/ml/h) 
AVP (pg/ml) 
Cl (L/min/m2) 
GFR (ml/min/1.73 m2) 
ERPF (ml/mn/1.73 m2) 
BV (% predicted) 

Controls 
138 ± 

1.08 ± 
< 1.0 
Normal : 
102 ± 
490 ± 
Normal : 

Patients 
1.2 138 
0.26 30.5 

7.25 
2.3-4.1 8.5 
8.1 165 
23 847 
100 87 

± 2.3 
± 13.0** 
± 4.3** 
± 0.7 
± 11** 
± 106** 
± 7 

[The table gives means ± SE (**p < 0.01)] 

DISCUSSION 

Despite findings related to increased flow, blood volume based 
on 51 chromium labelled red cells was not elevated in this group of 
patients. Plasma renin activity and arginine vasopressin levels 
were elevated in the direction expected from reduced effective 
volume. Because of vasodilatation even in areas outside the wound, 
indices of organ perfusion may not reflect blood volume or 
effective volume at hormonal control sites. The dissociation of 
organ flow and hormone response indicates that blood volume may be 
a stronger and more important determinant than blood flow in 
determining levels of hormones responsible for salt and water 
balance. Analysis of data from all enrolled patients and the 
remaining five control subjects will be necessary before firm 
conclusions can be reached. 
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ABSTRACT 

PROJECT HUMBER: 3M161102BS14-00, RESEARCH 

PROJECT TITLE: Effect of Growth Factors on the Healing of 
Partial-Thickness Scald Wounds in the Guinea 
Pig 

INSTITUTION: US Army Institute of Surgical Research, Fort Sam 
Houston, San Antonio, Texas 78234-5012 

PERIOD COVERED IN THIS REPORT: 1 Oct 89 through 30 Sep 90 

INVESTIGATORS: William G. Cioffi, Jr., MD, Major, MC 

RheothRx is a copolymer which has been widely used as an 
emulsifying agent in food, oral drugs, and cosmetics for many 
years. Preliminary data have indicated this copolymer may prevent 
vascular occlusion in the zone of stasis in deep, partial- 
thickness burn wounds in rats. We have investigated the effect of 
this copolymer on the healing of partial-thickness burn wounds in 
guinea pigs. Animals received deep, partial-thickness burn wounds 
and then were treated with saline or the copolymer for 48 hours 
following injury. Animals were sacrificed at 10 and 20 days 
postburn, and the following data collected: the percent re- 
epithelialization of the wound, percent wound contracture, and 
histologic grading of the wound to include evidence of follicular 
damage, inflammation, hemorrhagic epithelium and muscle damage. 
Comparison of the treated and untreated animals at postburn days 10 
and 20 revealed no difference in the histologic appearance of the 
wounds, no difference in the extent of re-epithelialization of the 
wound, and no difference in the percent wound contracture. We 
conclude from this data that RheothRx copolymer has no effect on 
the healing of partial-thickness scald wounds in the guinea pig at 
the dosage employed in this study. 
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irriCT OF GROWTH FACTORS ON 
WOUNDS IN TH1 GUINEA PIG 

THE HEALING OF PARTIAL-THICKNESS SCAIiD 

i RheothRx is a copolymer which has been widely used as an 

vpaÍQlfypngi .a?ent ^ food' oral drugs, and cosmetics for many 
thi <«S^ft^íelim;Lnary data fr0m Emory University have indicated that 
this copolymer may prevent vascular occlusion in the zone of stasis 

P^tiai-thickness burn wounds in rats. Animals treated 

drU9 on t0 heal their while those receîvino 
placebo converted their wounds to full-thickness injuries. 9 

Preliminary experiments performed at this Institution 
evaluated the histologic appearance of a deep, partial-thickness 
guinea pig scald wound 72 hours following injury. Animaís we 
randomized to receive copolymer or saline for the 72 hour period 
No discernable differences in dermal injury, inflammatory response 
hemorrhage, red cell stasis, vascular damage, ÍTmuscle 

The1currenteiinea^ed light microscoPy between the two group!. 
The current experiments were carried out to assess whether RheothRx 
copolymer affects the rate of healing in this deep! 
thickness burn wound model. p parcial 

METHODS 

Male guinea pigs weighing 500 grams were used throuahout the 

—ârtitai nfL/fc °hfHbUrninl' ani"als “ara anesthetized thl pnenoberbita! (35 mg/kg body weight IP). The dorsal surface was 
shaved, and a 20% partial-thickness scald injury produced bv 

^he.dor®al surface to 78°C water for ^10^ seconds6 in l 
specially designed template. Upon completion of burning, the wound 

anesthesia. ^ the animalS all°Wed to reco^r ^ 
Were ranc?omizeci to two groups. Group 1 received 

a 50 mg/kg bolus of RheothRx copolymer intraperitoneallv 
immediâteiÿ following injury. The animals then received 2 cc of^a 

intraP?ritoneally every six hours for six doses. The 
control group received saline. Following injury, photographs and 
wound tracings were obtained. Photographs and wound tracings were 
then repeated on postburn days 10 and 20. tracings were 

On postburn days 10 and 20, one-half of the animals in each 

hi!toift«arenSaCr^flCed and the wounds examined grossly and 
histologically using the criteria previously stated. Repeat wound 
tracings were obtained, and the difference in tracing w!i!£? 
between the postburn day 0 and the postburn day o? study üre 
obtained to document the extent of wound contracture An 

thismtim!n °f the perCent of wound epithelialization was made at 
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RESULTS 

There were no discernable differences between the two groups 
of animals on postburn day 10 or 20. (See Tables) Of note, there 
was no difference in the extent of wound contracture at either of 
the study dates. The percent of re-epithelialization was identical 
between the two groups with approximately 50 to 75% of the wounds 
re-epithelialized at 10 and 20 days. There were no histologic 
differences noted between those animals receiving saline and those 
receiving RheothRx copolymer. 

TABLE 1. Histologic Grading on Postburn Day 

FOLLICLES 
INFLAMMATION 
HEMORRHAGE 
EPITHELIUM 
MUSCLE 

RheothRx 

2.1 ± 3.9 
1.67 ± .33 
1.44 ± .18 
1.3 ± .53 
0.11 ± .11 

CONTROL 

2.5 ± 3.8 
1.7 ± .26 
1.3 ± .21 
1.5 ± .45 
0.5 ± .22 

TABLE 1: Histologic Grading of Wounds at Postburn Day 10. 
indices are graded on a score of 1 to 4, with 1 being minimal 
damage and 4 being severe damage. There were no statistical 
differences between the two groups. Data are expressed as the mean 

± standard deviation. 

TABLE 2. Percent Re-epithelialization on Postburn Day 10 

RheothRx CONTROL 

SCORE 2.55 ± .24 2.4 ± .116 

TABLE 2: Percent Re-epithelialization on Postburn Day 10. A score 
of 1 indicates 25% re-epithelialization, 2 - 50% re- 
epithelialization, 3 - 75% re-epithelialization, and 4, complete 
re-epithelialization of the wound. There were no differences in 
percent re-epithelialization on postburn day 10 between the two 

groups. 
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TABLE 3. Wound Contractura on Postburn Day 10 

RheothRx 
DIFFERENCE .104 ± .006 

CONTROL 
.105 ± .009 

3: W°unrtd Contraction. Wound tracings were obtained on 
day °^a^d P°stburn day iO- The difference in tracing 

eight was used to index the degree of wound contracture. No 
was noted between the two groups. 

TABLE 4. Histologic Grading on Postburn Day 20 

FOLLICLES 
INFLAMMATION 
HEMORRHAGE 
EPITHELIUM 
MUSCLE 

RheothRx 

3.0 ± .24 
1.2 ± . 15 
0.89 ± .26 
1.3 ± .6 
0.89 ± .26 

CONTROL 

3.4 ± .27 
1.6 ± .16 
0.70 ± .21 
2.4 ± .6 
1.1 ± .31 

TABLE 4: Histologic Classification on Postburn Day 20 The 

nn?fÍnwSySteilKÍS4-the Same as in Table 1* No differences were 
deviationWeen * groups. Data is expressed as mean ± standard 

TABLE 5. Percent Re-epitheliali*ation on Postburn Day 20 

RheothRx 
SCORE 2.4 ± .33 

CONTROL 
3.0 ± .39 

TABLE 5: Percent Re—epithelialization at 20 days 
was noted between the two groups. 

No difference 
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TABLZ 6. Wound Contractura on Postburn Day 20 

DIFFERENCE 

RheothRx CONTROL 

.161 ± .005 .153 ± .009 

TABLE 6: Percent Wound Contracture Postburn Day 20. No 
differences noted between the two groups. Data are expressed as 
mean + standard deviation. 

DISCUSSION 

Despite previous findings that RheothRx copolymer prevented 
vascular occlusion in the zone of stasis in deep partial—thickness 
bum wounds in ratS; our results indicave no benefit from the 
administration of this copolymer immediately following injury. Our 
previous data, examining the wounds at 72 hours following injury, 
showed no difference in the histologic appearance of the wounds to 
indicate that the zone of stasis had been altered. These further 
studies, investigating the wounds at postburn days 10 and 20, 
confirm our earlier results. Animals receiving saline or RheothRx 
copolymer exhibited the same percentage of wound contracture and 
re-epithelialization, while having no discernable differences m 
the histologic appearance of their wounds. From these data we 
conclude that in the guinea pig deep partial scald model, RheothRx 
copolymer, applied at the doses used in this experiment, had no 
effect on wound healing. 
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duringU'this° ¡eooítÍnaSÍXty‘nHne burn Patients were enrolled in the study 

Sí»“ heípi?d’and 
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CONTINUATION OF DD FORM 1498 FOR THE PROJECT ENTITLED "CELLULAR 
HOST DEFENSE FUNCTION AFTER THERMAL INJURY : ASSESSMENT BY FLOW 
CYTOMETRY OF PERIPHERAL BLOOD CELLS" 

burned patients as compared to controls. The ability of B 
lymphocytes and NK cells to express the IL 2 receptor appeared to 
be unimpaired by thermal injury. 

(U) 8910 - 9009. Thirty-three patients and 33 control 
subjects were enrolled in the study during this reporting period. 
The expression of IL 2 receptor after mitogen stimulation was used 
as a measure of immunocompétence. Although resting levels of IL 2 
receptor expression were increased in freshly isolated lymphocytes 
from burn patients as compared to control subjects, mitogen—induced 
IL 2 receptor expression was decreased immediately after burn 
injury and for up to 8 wk postburn. This suppressed response was 
similar for both CD4 (helper) and CD 8 (suppressor/cytotoxic) 
subsets. NK cells (CD16) from burn patients also expressed 
increased levels of IL 2 receptor when freshly isolated, but the 
induction of IL 2 receptors by mitogen in these cells was not 
impaired at any postburn time measured. 
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The best predictors of mortality in burned patients are burn 
!ÍÍ^--and conditions such as inhalation injury are 
additional risk factors, but burn size and age correlate best with 
mortality. The manner in which various components of host defense 

irî relation to mortality predictors may indicate their 
relationship to the infection susceptibility seen after thermal 

4-We hÍVe an,alyJzed Ficoll-Hypaque purified peripheral blood 
lymphocyte subpopulations in 103 burned patients. The patients 
were monitored twice weekly for up to eight weeks postburn. The 
mortality predictor was developed from experience at this burn 
center using burn size and age as variables. The proportion of CD8 
positive cells was sharply decreased soon after injury and 
gradually returned to unburned control levels by the seventh post¬ 
burn week. During the first few weeks when CD8 positive cells were 
lowest, there was a negative correlation between the proportion of 

Ctlls and Predicted mortality i.e., the more severe 
injuries led to smaller proportions of positive cells. In 
contrast, CD4 positive cells were decreased below control in the 
first week postburn but returned to normal rapidly and remained 
there for most of the postburn period. As with CD8 positive cells, 
there was a negative correlation between predicted mortality and 

CD4 iye cells. However, the correlation was 
unchanged for the full eight week observation period. The 
proportion of CD16 positive cells decreased soon after injury and 
returned to unburned control levels in a manner similar to CD8 
positive cells. In contrast to CD8 and CD4, there was a positive 
correlation between predicted mortality and the proportion of CD16 
positive cells. This correlation was only evident during the 

0f íhe Postburn recovery period. Changes in lymphocyte 
subpopulation level after thermal injury did not appear to be 
passive responses to the insult, but varied independently of each 
other with respect to injury severity and time postburn. 
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CELLULAR HOST DEFENSE FUNCTION AFTER THERMAL INJURY: 
ASSESSMENT BY FLOW CYTOMETRY OF PERIPHERAL BLOOD CELLS 

INTRODUCTION 

The survival of patients with severe thermal injury has 
improved dramatically in recent years, but burn size and age remain 
the best predictors of mortality. The predictor equation developed 
by this institute (1-2) relates the severity of thermal injury (as 
measured by burn size and age) to survival. In vitro measurements 
that purport to indicate the clinical status of patients should 
show a relationship to this predictor to establish whether the 
indicator is related to the thermal injury or reflects other 
environmental influences on the patient. We have measured the 
lymphocyte subpopulations in burned patients and have tested their 
correlation with the mortality predictor. The variation of these 
measurements was quite large from patient to patient, but 
correlations between several lymphocyte subpopulations and the 
predictor were found. 

MATERIALS AND METHODS 

Patient Data. One hundred three burned patients admitted to 
the USAI SR over a four year period were included in the study. All 
patients were entered within five days of injury. The patient's 
expected mortality was determined from burn size and age by the 
following equation derived from previous mortality experience at 

our institute: 

(ey/ (1 + ey) ) X 100 where 

y-(. 113 X %BURN+( .00582 x (AGE2) )-.203 x AGE-(. 0000361 x (AGE3) )- 

4.36) 

The range of predicted mortality was from 1% to 96% for this 
group of patients. The average burn size was 43% and the average 

age was 41. 

Call preparation. Heparinized blood samples were obtained 
from patients twice weekly for up to eight weeks postburn. 
Lymphocytes were isolated on Ficoll—Hypaque gradients. After 
washing, a portion of the cells were used for staining with 
monoclonal antibodies and preparation of a slide to determine the 
extent of non-lymphocyte contamination. 

Call staining. Cells were stained with monoclonal antibodies 
(Becton Dickinson) bound to either phycoerythrin, fluorescein 
isothiocyanate or biotin. Allophycocyanin was bound to biotin 
labelled primary antibodies by subsequent addition of a 
streptavidin-allophycocyanin conjugate. Anti-Leu-2 (CD8), anti- 
Leu-3 (CD4), and anti-Leu-11 (CD16) were used to identify 
subpopulations. IgGl conjugated with the appropriate dye marker 
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aS anÆis°typic control- The staining procedure 
aní]v¡«Hd thar ®Pecified bV the manufacturer of the monoclonal 

paraformaldehyde? flited imi"ediately a«er staining in 1% 

,.Ä rJow Cytometry Analysis. Subpopulations were analyzed by flow 
cytometry using a FACSTAR+ (Becton Dickinson) or an EPICS model 753 
«ÍhÜ cyto'n®ter-. Electronic gates were set on forward angle and 
s de scatter intensity using normal human peripheral blood 

Non-lymphoid cell contamination was monitored by 
observing the level of anti-Leu-M3 positives (anti-Leu-M3 binds 
monocytes and weakly binds granulocytes). The positive cutoff was 
set at a point that defined 1% or less of the electronically gated 
isotypic control sample as positive. y y 

RESULTS 

a<.a.nî;ymP?°°yï®s wer® isolated by Ficoll-Hypaque gradients and 
stained with the appropriate monoclonal antibodies. The temporal 
relationship of the CDS, CD16 and CD4 subpopulations in Pthis 

o?tlAaríhP0PUi1iatl0í 18 d®Picted in Figures 1-3. The mean proportion 
. a surpopulation for all patients in the study is 

ihoinfctd th\?raph and th® range for unburned controls is 
Shaded bar‘ Th® Proportion of CD4 positive cells 

(Figure 1) was decreased by the first week after injury and 

Îïrfirf Sk 0W contr?ls for most of the rest of the postburn 
propo.rtlon of circulating CDS positive lymphocytes 

(Figure 2) dropped dramatically after injury and returned to normal 
levels approximately 7 weeks later. Like CDS positive cells, the 
proportion of CD16 positive cells (natural killer cells) was low 

and1 f®turned t0 normal and above late in the recovery 
afíird’in • Th;LS 1i1?ut5ates that subpopu 1 ations changed with time 

pattern of'change eâ°h subP°Pulation had its own particular 

were calculated for each patient using 
the totel (partial and full-thickness) burn size and age of the 

in th® option described in methods. The calculated 
L ■ probablllty wa.s compared to the mean lymphocyte 

subpopulation for each patient over the time of observation. 

ü?o?+.a11 po?bburn day values were used, only the proportion of CD4 
p°sltlv® f®^3 was correlated with predicted mortality (Figure 4) . 
The correlation of the CD4 positive cells with predicted mortality 
was negative (r=.2795, p. <.0001) . urtanry 
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The proportion of CD4 cells varies relatively less over time 
than CD8 and CD16 populations (Figures 1-3). Since this variation 
over time might obscure a significant correlation with predicted 
mortality, the point in time that separated the data into two equal 
groups (26 days) was used to classify the measurements into early 
and late postburn periods for these two subpopulations. The mean 
proportions measured during each time period was determined for 
each patient. 

The mean proportions of the CD8 positive cells taken from the 
first 26 days postburn (Figure 5) were negatively correlated with 
predicted mortality (r=.1930 p.=.003). This is the period of time 
when the proportion of CD8 cells is severely decreased below 
unburned control levels. The mean proportions of CD16 positiv 
cells (Figure 6) taken from the later postburn period ( > thtn 26 
days) were positively correlated with predicted mortality. During 
this time the proportion of CD16 cells is normal or increased above 
unburned patient control levels (r=.1347, p.=05). Values for the 
other time periods were not correlated with predicted mortality. 

CONCLUSIONS 

There is a large change in circulating leukocyte populations 
after burn injury. The proportion and absolute number of 
polymorphonuclear leukocytes increase dramatically while the 
absolute number and proportion of lymphocytes decrease after 
thermal injury. Similarly, we have shown that there are changes 
in the proportions of lymphocyte subpopulations as well. These 
changes occur independently in that they do not follow the same 
trend in terms of either time or relation to severity of injury. 

Although it is not clear how these subpopulations changes 
affect the patients ability to resist infection, they should relate 
to severity of injury if they are important. Increased patient 
mortality is related to increased susceptibility to infection. 

As a case in point, the relationship between age and infection 
susceptibility seems clear (3,4). Age related changes in the 
immune system may make older individuals more susceptible to 
infections in many circumstances. Age is clearly correlated with 
burned patient outcome, and seems to confer increased infection 
susceptibility on burned patients as well. For any test of a 
relationship between a measurable change in the immune system and 
infection susceptibility to have clinical utility, it must also 
correlate with patient outcome. 

The correlations of the proportions of lymphocyte sub¬ 
populations with predicted mortality reported here were not strong. 
There could be several reasons for this. First, flow cytometry 
data are quite variable from patient to patient. Normal ranges 
from healthy individuals are quite large in the absence of 
detectable disease (5-11). 
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Second, subpopulation measurements are rather broad measures 
of immune system capability. Lymphocyte subpopulations are quite 
complex, composed of many subtypes. The function of many of these 
subtypes is unknown or not clearly defined by subpopulation 
markers. For instance, suppressor lymphocytes are known to reside 
in both the CD4 and CD8 subpopulations (12-20). Additionally, it 
is not clear whether the number of circulating lymphocytes or their 
relative subpopulation proportions have any relation to the 

ion of the host against infection. In that case, decreases 
in circulating lymphocytes may be more a refection of changes in 
lymphocyte compartments than immunodeficiency. 

Third, subpopulation measurement does not measure cell 
function. Full numbers of circulating but tolerant lymphocytes 
might be more detrimental than small numbers of fully functional 
cells. Measurement of function is difficult, as the interaction of 
cells in the host defense process is complex. it is frequently 
difficult to distinguish suppressive activity from stimulatory 
activity. One classic measure of lymphocyte function is Con A 
stimulation of tritiated thymidine incorporation. However, 
stimulations of both suppressor and helper calls are included in 
this measurement (12,21,22). 

It is clear from this study that circulating levels of 
lymphoid subpopulations change during the time when infections are 
a major clinical concern. The subpopulations showed distinct 
individually regulated changes with time post injury and some were 
moderately correlated with severity of injury as well. 
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ABSTRACT 
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Enzymatic procedures were used to analyze ATP and lactate in 
extracts of blood and wound tissue taken from sham and burned rats 
from 1-48 hours postburn (PB). ATP content of blood from burned 
rats varied from 85 - 115% of sham values over 48 hours PB. Blood 
lactate ranged from 60 — 103% of sham values during that time. 
Burn wound ATP decreased after one hour PB to its lowest value of 
18% of sham at 24 hours PB. Burn wound lactate content reached 
approximately 180% of sham at nine hours PB and was 150% of sham at 
18 hours PB. Burn wound lactate then decreased to approximately 
65% of sham value at 24 and 48 hours PB, a time at which burn 
tissue pH had returned to normal values. 
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A STUDY OF BIOCHEMICAL CHANGES IN THE CELLULAR 
ENVIRONMENT OF TISSUE OF THE IN VIVO 

PARTIAL-THICKNESS RAT BURN WOUND 

The objective of this study V.J___._, - -; .— . --- is to determine in vivo 
winnH« H ^ and metabollc changes in partial-thickness rat burn 
wounds during the early postburn period and to identify those 

iiaSuch woÍndseither fOSter °r impede recovery of cellular function 

.1.° a Previous rePort (1) we showed that both the quantity and 
the time course of edema accumulation were similar in partial- 
thickness and full-thickness burn wounds in rats during the first 

Edema-V°1Uîne' however' decreased more rapidly in the 
oeriid1 iniuries' Burn .wound pH decreased during the 

a ÏÎ1 edema' suggesting an accumulation of acidic 
metabolites in the wound. In this report we present preliminarv 

°f ATP and laCtate in the ^ood and in wound tissue of 
rats with sham or partial—thickness burns. 

MATERIALS AND METHODS 

ai«haS?í?2Ue7DaWley ^.3 wei9bing 180-200g were anesthetized with 
hair onhl?íalHSe solutlon (5.5mg/100g, intraperitoneally). The 
rti+Lo«-- th ida°rlU-m vWaS cllPPed and the rats were placed in a 
protective mold which limited the area to be burned to 20% of total 

a? 80*CUrforCe«f„rh,a (TBSAi * In“ersion of this exP°sed area in later 
Ortntîriï f ight f®c°nds produced a partial-thickness burn. Sham 

w?re anesthetized, clipped, placed in the protective mold, 
and an equivalent area on the dorsum was outlined in ink. The rats 
were housed in individual cages and permitted free access to ?ood 
oroun^nV parent®ral fluids were given. At selected times PB, 

chlSríioi hoï" and bu.rned rats were reanesthetized with alpha- 
uhloralose before in vivo testing or collection of samples. After 
these studies, the rats were euthanized by injecting a lethal dose 
of alpha-chloralose, without having been allowed to awaken 

burned1?^^ itÍS5SUe#; SQmPioS taken from groups of sham and 
at 1' 3' 6/ 9/ 18' 24' and 48 hours PB for analysis of 

aThihnd la5t?t?* Blood obtained by cardiac puncture was placed in 
a tube containing ACD solution that had been evaporated to dryness 

ofcol? iX^ng/ anK aliquot; .was in^ediately added to an equal ïolum4 
rîrZlf 2v \riC^l0r°aCetlG acid (TCA) <2) • The tubes were tightly 
capped, kept in ice for five minutes to assure protein 
precipitation and then quick frozen with liquid nitrogen before 
being stored in a freezer at -80°C. Just before analysis the 

forP^nSm^erf thaw®d in ice water and centrifuged at 4°^at 1800g 

ice-sairbath^hif^hf11^63 Were decanted and kept in tubes in an ice salt bath while being prepared for analysis. 

to samP1®® consisting of skin and subcutaneous tissue down 
to fascia were obtained from the wounds using a hollow-bore 4mm 
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stainless steel drill tip driven by a Model 950 high-speed 
pneumatic biopsy drill (Alko Diagnostic Corp., Holliston, MA) 
connected to a thermos bottle containing a beaker of chilled 2— 
methylbutane (-150°C) immersed in liquid nitrogen. Continuous 
vacuum drew the biopsy through the drill into the 2—methylbutane, 
reducing to a minimum the delay between cutting and freezing. 
Samples were rapidly taken from 8 to 10 sites on each wound and 
pooled. The frozen samples were transferred to tubes chilled in an 
isopropyl alcohol—dry ice bath, tightly capped, transferred to 
liquid nitrogen, and then stored in a freezer at -80°C until 
processed. 

Each weighed tissue sample was transferred to a tube 
containing 2ml cold 6% (w/v) perchloric acid (PCA) containing ImM/l 
EDTA and was kept ice-cold through all of the extraction procedure 
(3) . The tissues were homogenized using a Polytron PT 10/35 
homogenizer (Brinkmann Instruments, Inc., Westbury, NY) operated at 
speed setting 8 for two 15 second runs separated by a 2—3 minute 
chilling period. The tubes were allowed to stand for 30 minutes in 
an ice-salt bath before they were centrifuged at 1800g for 30 
minutes at 2°C. The supernates were decanted and an aliquot 
neutralized by mixing with a predetermined volume of 2 N KOH with 
0.4 M imidazole base and 0.4 M KC1. The tubes were kept in an ice 
bath for 10 minutes to allow crystallization of potassium chlorate 
before they were centrifuged at 1800g for 15 minutes at 2°C. The 
supernates were decanted into tubes, tightly capped, immediately 
frozen in liquid nitrogen, and stored in a freezer at —80 C until 
analysis. At that time the tissue extracts were thawed in chilled 
water and the tubes were kept in an ice—salt bath until the 
analyses were completed. Typically, no more tubes than could be 
analyzed in one hour were thawed at one time. 

Enzymatic methods using commercially prepared reagent kits 
(Sigma Chemical Co., St. Louis, MO) were used to measure ATP and 
lactate in both the blood and tissue extracts. ATP was determined 
using the coupled phosphoglycerate kinase/glyceraldehyde phosphate 
dehydrogenase reaction. The decrease in absorbance at 340nm that 
results when NADH is oxidized to NAD is proportional to the amount 
of ATP originally present in the extract (2) . Lactate was 
determined using lactate dehydrogenase in the presence of excess 
NAD and trapping the pyruvate formed with hydrazine to force the 
reaction to completion. The increased absorbance at 340nm due to 
NADH formation is proportional to the amount of lactate originally 
present (4). 

Tissue pH was measured using a needle pH microelectrode paired 
with a micro reference electrode with glass barrel (Micro¬ 
electrodes, Inc., Londonderry, NH) inserted through a slit in the 
skin into the wound tissue. The microelectrode pairs were 
connected through an Orion Model 607 Electrode Switchbox to an 
Orion Model EA 940 microprocessor controlled lonAnalyzer which was 
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Boston, equipped with a Model GLP printer (Orion Research, Inc., 

RESULTS AND DISCPSSIOM 

™n4-^ïelimKinarJ r?sults of a study of changes in ATP and lactate 
content of blood of rats with sham and partial-thickness burns are 
shown in Table 1. The ATP content of blood of burned rats tas 
!ndantn«tlvfn tha,Lof sl\am rats at one h°ur PB, equal to sham at six 
?iîan Íh?mh0?rí0PJ?' and then decreased to a level slightly lower 
than sham at 48 hours PB. These differences were not very large 

*e\n due, at least in part' to changes in hemo- 
concentration that occur m burned rats during the early PB period 

rats^vPAo^ií bl°ad ^urned rats was lower than that of sham 
rats except at six and 48 hours PB when the values for the two 
groups were essentially equal. 

TABLE 1 

ATP AND LACTATE IN BLOOD OF RATS 
WITH PARTIAL-THICKNESS BURN WOUNDS 

HOUR ATP LACTATE 
POSTBURN PERCENT OF SHAM VALUES 

1 115 59 
3 115 78 
6 101 104 
9 100 93 
18 94 71 
24 92 63 
48 86 103 

COnnSntw°í b?rn wound was equal to that of sham wounds 
at one hour PB, but then decreased at each time measured to reach 
ts lowest value at 24 hours PB before increasing slightly at 48 

hours PB. (Table 2) Burn wound lactate content increased rapidly 
to à maximum almost twice that of sham wound at nine hours PB and 
decreâsed only a small amount at 18 hours PB. At 24 and 48 hours 
PB, burn wound lactate content was down to about two-thirds that of 
sham wound. 

^The decr®ase in PH in burn wound correlated temporally with 
wnnnH®i-CifeaS®v, ^ increase in lactate content of the burn 

hnrndu,phrHUgS 18 PB‘ (Table 2) At 24 hOUrS and 48 hourS PB, burn wound pH was normal (Sham = 7.09). 
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TABLE 2 

ATP AND LACTATE IN PARTIAL-THICKNESS RAT BURN WOUNDS 

HOUR 
POSTBURN 

BURN WOUND 
pH 

ATP LACTATE 
PERCENT OF SHAM VALUES 

1 
3 
6 
9 
18 
24 
48 

6.95 
6.82 
6.75 
6.85 
6.92 
7.10 
7.10 

98 
79 
87 
49 
28 
19 
30 

105 
120 
128 
179 
152 
63 
65 

Changes similar to these occur, but on a time scale of minutes 
rather than hours, in myocardium made ischemic by partial occlusion 
of the coronary artery (5). In addition, in ischemic myocardium 
there was a marked increase in intramural Pco2 that we did not find 
in rat burn wound at the few times we made measurements. It is 
possible that increased C02 was formed in the burn wound, but was 
not retained by the burned skin. More measurements are needed to 
confirm this difference. 

Khuri et al. compared simultaneous biochemical and histo¬ 
logical changes in ischemic myocardium and concluded that the 
decrease in pH and increase in intramural Pco2 are the most 
reliable indicators of the severity of cellular injury (6). It is 
not known how long a tissue can be exposed to such conditions and 
be able to recover cellular function. We are currently extending 
our sampling times to include intervals up to seven days PB and we 
will attempt to correlate simultaneous changes in ATP, lactate, pH, 
and Pco2 content of burn wound with histological changes determined 
by both light and electron microscopy. 

REFERENCES 

1. Brown WL, Mason AD, Jr., Pruitt BA, Jr.: A study of 
biochemical changes in the cellular environment of tissue of 
the in vivo partial-thickness rat burn wound. USAISR Annual 
Rasaarch Progress Report for FY87, p 255-263. 

2. Sigma Chemical Co. Procedure No. 366-UV. Adenosine-5'- 
triphosphate (ATP) quantitative, enzymatic determination in 
blood at blood at 340nm, March 1989. 

441 



3. 

4. 

5. 

6. 

Williamson JR, Corkey BE: Assay of citric acid cycle 
intermediates and related compounds - update with tissue 
levels and intracellular distribution. in Methods in 
Insymology Fleischer S. and Packer K. (eds) . Academic Press, 
New York, 1979, Vol. LV, p 201-202. 

Sigma Chemical Co. Procedure No. 826-UV. Lactate quantitative, 
enzymatic determination in whole blood at 340nm, March, 1989. 

Ichihara K. and Abiko Y: Effect of diltiazem, a calcium 
antagonist, on myocardial pH in ischemic canine heart 
Pharmacol and Exp Ther 222: 720-725, 1982. 

J. 

Khuri SF, Kloner RA, Hillis LD et al: Intramural Pco2: A 
reliable index of the severity of myocardial ischemic injury, 
Am J Physiol 237:H253-H259 (1979). * 

442 



I RESEARCH AND TECHNOLOGY WORK UNIT SUMMARY 
1 AGENCY ACCESSION 

DA315353 

2 DATE OF SUMMARY ■/?£ 
01 Oct 90 1 

t>ORT COST ROL SYMBOL I 
DD-DRéBtÁR) 636 f 

■3. DATE PREV 
1 SUM'RY 

1 01 Oct 89 

4. KIND OF 
SUMMARY 

D. Cha 

S. SUMMARY 
SCTY 

u 

6. WORK 
SECURITY 

u 

7. REGRADING 8. DISB’N INSTR N 

CX 

9 LEVEL OF SUM 1 
A WORK UNIT I 

|ia NO./CODES PROGRAM ELEIt RENT PROJECT '1 UMBER TASK AREA NUMBER WORK UNIT NUMBER f 

I* PRIMARY 61102A 3M161102BS14 CH 314 

|b. CONTRIBUTING 

|c. CONTRIBUTING 

Mortality to Rats wit>- Pseudomonas Burn Wound Sepsis- 
|12. SUBJECT AREAS 

OfiOd Anatomy aijd Phvsioloav 0605 Medicine and Medigal Reseaygli 
113. START DATE 

-8.? IQ 
|17. CQNTRACT/ORANT 2 14. eSTIMATED COMPLETION DATE 

U DATE EFFECTIVE 

lb. CONTRACT/GRANT NUMBER 

. KINO OF AWARD f. CUM/rOTAL 

'4 RESFONSIBLE OOD ORGANlZAT' I 

US Army Institute of Surgical Research 
|b. ADDRESS Unciudê up code) 

Fort Sam Houston 
San Antonio. Texas j234-5012_ 

FUNDING ORGANIZATION 

rn¬ 

is. PERFORMANCE METHOD 

C. In-House 

a. PROFESSIONAL WORKYEARS 

90 
91 

0.1 
0.1 

D FUNDS l/n thou»anáa¡ 

63 
66 

20 PERFORMING ORGANIZATION 

NAME 

US Army Institute of Surgical Research 

. NAME OF RESPONSIBLE INDIVIDUAL 

PRUITT, B A_ 
. TELEPHONE NUMBER Imcludt ana cod«) 

512-221-2720_ 

b. ADDRESS 

Fort Sam F>uston 
:,an Antonio, Texas 78234-5012 

c NAME OF PRINCIPAL INVESTIGATOR 

CIOFFI, WG_ 
d. TELEPHONE NUMBER (include area code/ 

512-221-4440 _ 

|2i. GENERAL USE ^ 

Ml LIT ARY/Cl VI LI AN APPLICATION: 

I. NAME OF ASSOCIP TE INVESTIGATOR HI available. 

M 
(.NAME OF ASSOCIATE INVESTIGATOR Ilf available i 

22. KEYWORDS fPiwadc FACH ivilhSecunty ClaaeiAcelu» Coda) (U) Bums (Injuries); 
(U) Prostaqlandinf (U) Cells; (U) Pseudomonas 

(U) Septicemia; 

exogenous 
a rodent model. Due 
infection model, the 
indomethacin, gamma 

|23. TECHNICAL OSJEC IVE 2«. APPROACH 25. PROGRESS IPeecede lex I of—ch ivllli Seevnfy Claan)lcaliofi Cod»i 

23/24. (U) The objective of this work is to study the effects of 
IL 2 administration following burn wound infection in * i--*- 
to the failure of IL 2 to improve survival in this 
study has been extended to evaluate the effects of 
interferon, and other cytokines on IL 2 receptor expression. The ability to 
enhance IL 2 receptor expression may allow one to reverse T cell 
abnormalities with the exogenous administration of IL 2. 

25. (U) 8710 - 8809. The optimal dose wnich could be tolerated by the 
septic animal was identified. In LD100 and LD50 models, IL 2 administration 
concomitant with burning and seeding of the burn wound with Pseudomonas 
failed to improve survival. To increase IL 2 receptor expression, both high 
doses (5 mg/kg) and low doses (0.5 mg/kg) of indomethacin were administered 
with the IL 2. This failed to improve survival in the LD100 model. 

(U) 8810 - 8909. The protocol for measuring IL 2 receptor expression 
in rodent splenocytes and peripheral blood mononuclear cells was developed. 

(U) 8910 - 9009. Addenda to the protocol were approved during this 
reporting period. The ability of indomethacin, prostaglandin E2, and gamma 
interferon to improve IL2 receptor expression will be studied during the 
next fiscal year. 

EDITION OF MAR 68 IS OBSOLETE. e USQPO itM-491-003/)0329 

443 





ANNUAL RESEARCH PROGRESS REPORT 

PROJECT NUMBER: 3M161102BS14-00, RESEARCH 

PROJECT TITLE: The Effect of Interleukin-2 Administration 
Mortality of Rats with Pseudomonas Burn 
Sepsis 

US ARMY INSTITUTE OF SURGICAL RESEARCH 
FORT SAM HOUSTON 

SAN ANTONIO, TEXAS 78234-5012 

1 October 1989 - 30 September 1990 

INVESTIGATORS 

William G. Cioffi, Jr., MD, Major, MC 

in the 
Wound 

445 



ABSTRACT 

PROJECT NUMBER: 3M161102BS14-00, RESEARCH 

PROJECT TITLE: The Effect of 
Mortality to 
Sepsis 

Interleukin 2 Administration on 
Rats with Pseudomonas Burn Wound 

INSTITUTION us Army Institute of Surgical Research, Fort 
Houston, San Antonio, Texas 78234-5012 

PERIOD COVERED IN THIS REPORT: 1 Oct 89 through 30 Sep 90 

INVESTIGATORS : William G. Cioffi, Jr., MD, Major, MC 

Sam 

Addenda to the protocol were approved during this reoortinrr 

446 



THE EFFECT OF INTERLEUKIN 2 ADMINISTRATION ON MORTALITY TO RATS 

NITH PSEUDOMONAS BURN WOUND SEPSIS 

No work was done on this protocol during fiscal year 1990, and 

therefore no report is submitted. 
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DEVELOPMENT OF THERMAL IONIZATION MASS SPECTROMETRY (TIMS) 
METHODOLOGY FOR THE STUDY OF CALCIUM METABOLISM 

Hypocalcemia (6—7 mg/100 ml) is a consistent observation in 
patients with burns > 30% of the total body surface area (1). This 
sequel may be due to a number of reasons. Lennquist et al^ (2) 
reported low serum calcium in burn patients which correlated with 
serum albumin; serum calcium/albumin ratios were always within 
normal range. Szyfelbein et al. (3) found good correlation of 
total serum calcium to total protein. Ionized calcium was 
depressed and showed a poor correlation to total protein. Ionized 
calcium remained depressed even when serum calcium and total 
protein were restored to normal levels. Intercellular calcium 
sequestering in burned muscle tissue has been reported by a number 
of investigators (4-6). Transeschar calcium leaching, which may 
occur in patients treated with silver nitrate soaks, has been 
reported to lower the serum calcium level to a point where symptoms 
occur (7). Abnormalities may exist in the secretion and metabolic 
function of calcium-regulating hormones, calcitonin and parathyroid 
hormone, in the postburn period. Loven et al. (8) and Lennquist et 
al.. (2) have reported that low serum ionized calcium levels persist 
in burn patients, even though serum concentrations of calcitonin 

are elevated. 

Despite numerous reports concerning abnormalities in calcium 
metabolism, the mechanisms involved are ill-defined. Recent 
technological advances in TIMS have made it practical to use stable 
isotope methodology to study the dynamics of calcium metabolism in 
biological systems (9-10). 

MATERIALS AND METHODS 

Study Design. Thirty-six male Sprague-Dawley rats weighing 
250-300 g will be individual housed in stainless steel hanging 
cages and observed for 1 wk prior to entry into the study to 
exclude the presence of any preexisting diseases. Twelve animals 
will be used to develop techniques. The remaining 24 animals will 
be divided into two groups (n=12), control group and burn group. 
A semipurified diet designed to meet all known nutrient 
requirements of the adult rat and distilled deionized water will be 
fed ad libitum. After a 2-wk equilibration period on this diet, 
the animals will be anesthetized with sodium pentobarbital (35 
mg/kg IP), the dorsal surface will be shaved, and a 30% total body 
surface area scald or sham burn will be administered. For animals 
in the burn group, the dorsal area will be exposed to 100°C water 
for 10 sec. Animals in the control group will be handled in the 
same manner as those in the burn group, but they will exposed to 
water at room temperature. All animals will be placed back in 
their cages and allowed to recover from anesthesia without 
resuscitation. A pair-feeding regimen will be used from the day of 
burn injury until final disposition of the animals. Control 
animals will be fed the amount consumed by a weight—matched burned 
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H=Îi?ïin9otlî»e Pr®vlous 24“h period. Blood samples will be taken 
daiiy for 3 days from the tail vein with no anesthesia while the 

ar® rest.rained in a tube-type restraint device. Ten days 
postburn, the animals will be administered two isotopes of calcium 

(?2Ca910Vein ma/a^y Oh °-51mg/k^ and the otherP intravenously 
( Ca, 0.1 mg/kg) Blood samples (300 ßl) will be collected at 0.5? 
79 h t2' 24'.and 48 h following isotope administration. At 

^35 mo/ko aW ^eanfeSthetized with sodium pentobarbital 
inimíi9 w?nIP¿‘ A vent:ral laparotomy will be performed and the 

11 ?e exsan9uinated via the caudal vena cava. Calcium 

precioftation ^f ,hfr0m, the ierum usin9 ionium oxaíate precipitation, and the ratios of the calcium isotopes will be 

the3 to ta 1U? 2 nh ^IMh (10)/ /eC0eS and urine will be collected ove? the tota! 72 h study period. Serum samples collected at 72 h will 
be analyzed for total calcium, albumin, total protein calcitonin 
and parathyroid hormone. Aliquots of the flees InS 

thl^tahi0113 "i11-1 b® analyzed for total calcium and for the ratio of 
bl lsot°Pes- Mathematical modeling procedures will 
be accomplished as outlined by Moore et al. (9) The exoerim^nísT 

excretionl0ñetof ^-iHdig’enous^oaS^oeí 

boneeca?0iurdUS Tn^rTso^ioT^' balan°e' and 

Determination of Number of Animals Required. Twelve animal* 
will be necessary for refinement of a number of teohSiSues 

the^tudv^ Trnty-f0Ur animals wil1 be needed^or the study, 12 for the control group and 12 for the burn group. 

Plan- Significant differences between the 
aceomnl i bU,rn grouPs for the various parameters will be 
accomplished using the student's t test (P < 0.05). 

results/discpssion 

M0^h«H!d;L>51Cati0nS °J the mass sPectrometer have been completed 
ahaYf. been developed to determine natural abundance of 

calcium stable isotopes in standard solutions. Work will proceed 

will °Í enri.cbed standards of stable calcium isotopes that 
will enable us to spike standards and biological samples P 

PRESENTATIONS/PPBLICATIOMfi 

None. 
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ABSTRACT 
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High frequency flow interruption was found to be inferior to 
conventional ventilation when instituted 24 h following smoke 
injury in an ovine model. High frequency ventilation resulted in 
a further shift of the VA/Q curve co the left, indicating 
additional VA/Q mismatching. 
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THE EFFECT OF HIGH FREQUENCY VENTILATION ON VA/O 
INHALATION INJURY '2 IN SHEEP WITH 

INTRODUCTION 

Severe inhalation injury has been shown to cause hypoxia, 
hypercarbia and a shift of VA/Q to the left (i.e., increise in 

alter1*th VA/Q ^eater than 0 but less than 1). Attempts to 
alter these derangements with conventional ventilation utilizino 
positive end expiratory pressure (PEEP) resulted in an incraased 

?owdvî/nCe vent^latlon but had no significant effect on shunt or 
The study was designed to investigate the 

effects of high frequency percussive ventilation on these changes. 

■i fre<3uency ventilation has been proposed as a means of 
verlhilation of the low VA/Q compartments. In a dog 

nnaHi using ™ethacholine to induce low VQ compartments, Wagner was 
a beneficial effect of high frequency 

oscillation/ventilation (3). This ventilator, however, was 
reiatively inefficient in terms of gas exchange. Recent 
availability of the high frequency oscillatory ventilator with an 

exha^ahi°n phase has made it possible to study the effect of 
this form of high frequency ventilation in the ovine smoke injury 
model. Our previous work, utilizing a high frequency flow 

.Wlth Passiv® exhalation, showed a lack of benefit and 

ventilation11^^ ^ as compared to conventional 
foilowmg smoke injury. The addition of active 

exhalation should allow for ventilation at lower peak airway 
pressures while at the same time allowing maintenance of higher 
mean airway pressures to improve oxygenation. 

oqo-í-m!!? PurP°se of this study is to compare high frequency 
til iry v®ntllation Wlth conventional ventilation and changes 

in the pulmonary and hemodynamic parameters which are altered in an 
ovine inhalation injury model. 

MATERIALS AND METHODS 

. .Ne^tored male sheep weighing between 25 and 45 kg will be 
utilized throughout the study. Each sheep will be housed in a 
conventional outdoor run and have access to commercial feed and 

llb1bum. Sheep will be dewormed two weeks prior to use. 

in^Unry,Wll11 be induced using the standard ovine smoke 

sSrgicaî Lsea?ch Ped ^ ^ United StateS Army Institute of 

Sheep wij 1 be exposed to a moderate smoke injury as previously 
described. Twenty-four hours following injury the sheep will be 
reintubated and ventilated by three techniques with three different 
ventilators; conventional ventilation, high frequency flow 
interruption, and high frequency oscillatory ventilation. In the 
first experiment, six sheep will be studied with standard pulmonary 
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and hemodynamic measurements made. On the day of the experiment a 
peripheral venous catheter, central venous pressure catheter, a 
balloon directed thermodilution pulmonary artery catheter (7 
French, Swan-Ganz catheter, American Edwards Company), and a 
femoral arterial catheter will be placel following general 
anesthesia and intubation. Anesthesia wi?l be maintained with 
chloralose (0.05 grams/kg body weight) and the animals will be 
paralyzed with pancuronium bromide. After placement of all 
catheters, animals will be positioned prone and conventional 
mechanical ventilation will be continued with a volume limited 
ventilator (Bear 2, Bear Medical Systems, Inc.). Ventilator 
settings will be altered to maintain an arterial Ph between 7.35 
and 7.40, and a P02 between 80 and 100 millimeters of mercury. 
Lactated ringer's will be constantly infused at the rate of 
1 ml/kg/hr. Central venous pressure and pulmonary artery repair 
will be monitored by Stathan P23 DB transducers and systemic artery 
pressures by Hewlett-Packard 1290A Quartz Transducer. Heart rate, 
blood pressure, central venous pressure, pulmonary artery 
pressures, cardiac output, arterial blood pressures, and arterial 
blood gases will be measured every thirty minutes. Once the 
ventilator settings are maximized the animals will be switched to 
one of two forms of high frequency ventilation. Upon stabilization 
of the animal on this form of ventilation and data measurements, 
the animal will then be switched to the second form of high 
frequency ventilation. Repeat cardiopulmonary parameters will be 
measured following stabilization on this ventilator. If high 
frequency oscillatory ventilation improves oxygenation in 
moderately smoke-injured animals, then an additional set of animals 
will be studied in which VA/Q will be measured using the multiple 
inert gas illumination technique (MIGET) . In this set of 
experiments, 21 animals will be studied. Seven animals will 
receive a mild smoke injury, seven animals a moderate smoke injury, 
and seven animals a severe smoke injury. VA/Q distribution will be 
measured 24 hours following injury on each of the three types of 
ventilation. In this set of experiments, the Ringer's lactate 
infusion will be replaced with a Ringer's lactate solution 
containing six inert gases (sulphur hexachloride, krypton, 
cyclopropane, halothane, ether and acetone) which will be infused 
at a rate of 0.1 ml/kg/ min. After a 30 minute stabilization 
period, arterial and mixed venous blood will be drawn anaerobically 
in a preweighed heparinized syringe (30 ml matched glass) 
simultaneously. Blood samples will be analyzed immediately by gas 
chromatography mass spectrophotometer. The animals will then be 
switched to an alternate form of ventilation and six gas 
measurements repeated. The MIGET data will be stored in a data 
quantified by software program on the VAX computer system. 

RESULTS 

During this reporting period, four animals were studied in 
Phase I of the protocol. Following moderate smoke injury, the 
animals were easily supported using conventional ventilatory 
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from fin ^ iin24-^rs following injury with arterial P02s ranging 
from 80 to 100 millimeters of mercury. Transition to the new high 
frequency oscillatory ventilator resulted in a decrement of 

SaSrnaJJ 5UnCtl0n- Airway pressures exceeding 40 centimeters of 
ãdeoíatelv r ventilate and oxygenate the animals 
adequateiy. The high frequency oscillator was unable to deliver 

offM«h f Slzed tidal breaths to support the animal on a pure form 
fhií 9h4-fre<?UeiCy °sclllatory ventilation. Prior to continuing 
inîrJao^00?1' ben<lhwork utilizing this ventilator in an attempt to 
increase volume output will be necessary. 

DISCUSSION 

None. 

PRESENTATIONS/POBLICATIONS 

None. 
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ABSTRACT 
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Analyses of the data from the animals studied indicate that 
pure Plasma volume loss can be replaced with either plasma or 
crystalloid solutions. The volume of crystalloid fluid reguired to 
achieve replacement is greater that the volume of colloid. These 
changes will now be validated in a 50% burn model. 
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No work was done on this protocol during fiscal year 1990, 
therefore, no report is submitted. 
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ABSTRACT 

PROJECT NUMBER: 3M161102BS14-00, RESEARCH 

PROJECT TITLE: Antibacterial and Wound Healing Effects of Silver- 
Nylon Electrodes with Weak Direct Current 

INSTITUTION: US Army Institute of Surgical Research, Fort Sam 
Houston, San Antonio, Texas 78234-5012 

PERIOD COVERED IN THIS REPORT: 1 Oct 89 through 30 Sep 90 

INVESTIGATORS: Chi-Sing Chu, MD 
Albert T. McManus, Ph.D. 
Carlin V. Okerberg, DVM, lieutenant Colonel VC 
Arthur D. Mason, Jr., MD 
Basil A. Pruitt, Jr., MD, Colonel, MC 

We have examined the effects of direct current conducted 
through sHver-nyion dressings on the healing time and morphologic 
maturation of split-thickness grafts placed on tangentially excised 
deep second degree burn wounds. Male guinea pigs (n=120) were used 

for comniKrimental DC anim"ls required two Says 
for complete revascularization of their grafts; control animals 

eÄLfl?", d/ï3 JP<°-.01» • D° treatsd had increased 
epithelial proliferation at the graft-wound interface when compared 

adherenr°^3 Grafta ^ ■><? treated animals were ?i?m!y 
adherent in four days, while graft adherence in controls was weak 
prior to seven days post-grafting (PG). At three months PG 
control, grafts had mild contraction with moderate hair loss and 
thick sub-epidermal fibrosis; the grafts in treated anima?* 
expanded with the growth of the animals, and had abundant hair 
growth and significantly reduced dermal fibrosis (p<0.01). 
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INTRODUCTION 

The practice of excision and autografting of full-thickness 
burn wounds to effect wound closure has been a major advance in 
burn care. Excision of deep partial-thickness burns to the level 
of intact microcirculation (tangential excision) followed by 
partial-thickness autografting is also commonly thought to result 
in improved outcome through preservation of viable dermal and 
nervous tissue and shortened wound closure time. A major 
complication of both procedures is graft loss due to physical 
damage or infection during the time required to establish the 
grafts. 

We have previously shown that DC anodal silver-nylon dressings 
are effective as topical antimicrobial therapy, and shorten healing 
time with an improved quality of healing for partial-thickness 
donor sites taken from areas of healed partial-thickness burns 
(1,2). In the present study we have examined the effect of DC 
anodal silver-nylon dressings on the take and growth of split¬ 
thickness autografts placed on tangentially excised deep partial¬ 
thickness burn wounds. 

V’iTERIALS AND METHODS 

Standard Guinea Pig Burn. One hundred twenty male Hartley 
guinea pigs, weighing an average of 400±25 grams, wore used. The 
animals were anesthetized by intraperitoneal injection of 36 mg/kg 
of sodium pentobarbital. The hair on the dorsal trunk was clipped 
and a depilatory cream (Nair™) was applied for 15 minutes. The 
residual hair roots were then gently washed out with warm tap 
water. Deep partial—thickness scalds were inflicted, using a 10 
second exposure to 78°C water. A Walker-Mason burn template with 
a 4.5 X 5.5 cm2 window was used to restrict the wound to the 
cephalad portion of the back (3) . The resulting scald wounds 
covered 8-9% of the total body surface. 

Tangential Excision and Autografting: One hour after 
scalding, a 5 cm transverse incision was placed 1 cm cephalad and 
parallel to the burn wound edge. A 25 cm x 5 cm, smooth, surgical 
steel plate was inserted 12 cm into the subpannicular space under 
the scald wound. To make the skin tense, four towel clips were 
applied to the skin at the corners of the metal plate. A 0.022 
inch-thick skin graft (4.5 x 11 cm) was harvested from both the 
scalded wound and the normal depilated area caudad to the burn 
wound, using a Brown electro-dermatome. This excision depth 
resulted in a minimally bleeding wound bed. A partial-thickness 
graft was prepared by discarding the scalded portion of the excised 
tissue and fitted to the excised scald wound. As shown in Figure 1, 
each animal had a cephalad autografted excised scald wound and a 
caudad ungrafted donor site. 
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Experimental Groups. As shown in Tahio r +-v«« _ • , 

was aoDlied fn PJevi°usly described (2) . A constant 40 ^A current 

a^ons tant direct Current aMerltor^sf0 ^ th«e ^ 

within ri11”3/3 f"d tenehdeon=eS «^'daiív 

below?d °n 

TABLE 1. Experimental Groups 

GROUP 
Control 

Treatment 

DESCRIPTION NO OF ANIMALS 
Graft + Donor Site + SN go 

Graft + Donor Site + SN + go 
40 MA (2 Days) + 
20 MA (3 Days) 

daily^'i^r^three °weeks^and^thpr? WOUnds were ^amined 
qraftino Grift d weekly f°* three months post- 
a^^rtingj Graft adherence, hair growth, percentaoe of craft 
and wound contraction were recordod an^ u Jr 5ratt take 

microscopic^examination 1 tF 

l§°Ind10teen l"u^nd^days' PG ' M?* ^ ^ 
were obtained from the central areas of the "grafted loLT.0™™ 

Estimation of circulatory integrity in the oraft«? «a* maH^ k 

ïic “ NÎÎre made USin9 a di9ital ima9e ana1^« (Vidas^Carl Zeïss 
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RESULTS 

Control animal grafts were not adherent to the wound bed 1, 2 
or 4 days PG and commonly separated from the wound bed with removal 
of the dressing. Partial adherence was noted by PG day 7 and 
grafts were firmly adherent at 14 days. Grafts on DC treated 
animals were partially adherent on PG day 1, adherent on day 2, and 
firmly adherent by PG day 4. Data comparing the effect of DC 
treatment on the re-establishment of graft microcirculation, as 
evidenced by histological demonstration of carbon black in graft 
vessels, are presented in Table 2. Intact microcirculation was 
observed in only 1 of 4 control animals on PG da'; 2, and in all on 
PG day 7 (Fig. 2). Grafts in control animals on PG day 1 separated 
from the underlying tissue during fixation and could not be 
examined. DC treatment enhanced the re-establishment of graft-host 
microcirculation; by PG day 2, carbon black was present in graft 
vessels in 7 of 8 treated animals (Fig. 3a). 

TABLE 2. Frequency of India Ink Carbon in Grafts 
(Revascularization) at Selected Times after Grafting 

DAYS PG. 1 
CONTROL -1 
DC TREATED 0/1 

2 4 5 
1/4 2/4 6/8 
7/8* 11/11’' 6/6 

1 Grafts were not adherent 

2 Grafts were not perfused 
* p<.01 

Graft epithelization and the development of fibrosis were 
markedly altered by DC treatment. Epithelial growth was distinctly 
stimulated by DC. Hair follicle epithelium in treated animals 
proliferated actively as early as 2 days PG (Fig. 3b) . A 
comparison of epithelial proliferation at the graft-wound 
interfaces of control and treated animals is presented in Table 3. 
DC treatment resulted in earlier, more extensive epithelial growth. 
By PG day 4 in treated animals, an epithelial layer had formed 
between the hair follicles at the graft-wound interface and there 
was further evidence of expanding microcirculation (Fig. 4) . The 
hyperplastic epithelial layer was not seen in control animals and 
resolved in treated animals between 7 and 14 days PG, as dermal and 
graft follicles joined (Fig. 5) . A comparison of control and 
treated animals 14 days PG is presented in Figure 6. Grossly, 
control animals appeared to have mild contraction (Fig. 6a) 
compared to treated animals (Fig. 6b). Control animals had a 
significant amount of fibrosis in the upper dermis. A mature 
stratum corneum was observed in hair follicle canals and there was 
minimal subepithelial fibrosis in the treated animals. 
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TABLE 3. Epithelial Proliferation from Hair Follicles at th« 
Graft-Wound Interface at Various Times after Grafting 

Days 2 
Control 0/61 

DC Treated 3/8 

3 
0/3 
3/3 

4 
1/8 
6/10 

5 
2/8 
4/5 

7 
0/9 
3/52 

14 
4/10 
0/9 

90 
0/9 
0/10 

theUa!nimals txÍmai1nedhaVÍn9 epitheUal Proliferation over number of 

D.CIntreaat:tntref2Urerys1-37U^?:oí" .epithelU1 Proliferation with 

The appearance of control and treated grafts 90 davs pr i « 
presented in Figure 7. Grossly, the grafts ol Ürelted animals haï 

aDDeaíed%nn?' unllke thf grafts of control animals (Fig. 7a) 
appeared to have grown with the animals (Fig. 7c). Histolooir 

^ 9° dayS showed treated animals to have nearly 
rmal skin structure, with the exception of mild subeoidermal 

fibrosis and a minimal decrease in hair follicle density iFio 7rn 
ontrol animals showed a markedly wider zone of fibrosis and loss 

of many hair fonicies (Fig. 7b). Morphometric comparisons of ?he 
the deeDe«if ®u^ep^el^al fibrosis, dermal thickness measured from 
the deepest subepithelial fibrosis to the panniculus muscle and 
the dimensions of the residual grafts were made at 90 day¿ pg 
Data are presented in Tables 4 and 5 respectively DC 
resulted in a significant decrease in heafedgraft thicknessanda 
significant increase in graft expansion. tmckness and a 

COmP*ri,0n of Profil8 in Skin at 3 

THICKNESS 
OF SUBEPIDERMAL 
FIBROSIS (MM) 
MEAN±S.E.M. 

THICKNESS 
OF LOWER 

DERMIS (MM) 
MEANiS.E.M. 

Control (n=9) 0.619±0.016 1.736±0.024 

DC Treated (n=10) 0.435±0.007* 1.518±0.015* 

*P<0.01 
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TABLE 5. Contraction and Expansion of Grafted Wounds 
Treated with and without Direct Current

14 DAYS POSTGRAFTING 3 MONTHS POST GRAFTING

TREATMENT 
(n = 10)

CONTROL 
(n = 7)

TREATMENT 
(n = 10)

CONTROL 
(n = 10)

WOUND SIZE (cm^)

MEAN

S.E.M.

16.00

(0.731)

15.58

(1.245)

29.07*

(2.306)

14.61

(1.212)

* P < 0.0001

USAISR 0/24

FIGURE 1: A cephalad autografted wound (9% TBS) and a caudad donor 
site (9% TBS) soon after tangential excision, harvesting 
and grafting.



FIGURE 2 Gontiroi animals at seven days PG. Example of the complete 
re-estabiishment of graft microcirculation showing ink 
particles (arrow) in subepidermal capillaries (H and E, 
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figure 3‘ Two days after grafting and starting DC trsatment. (A) 
Carbon from infused Pelikan ink is evident in the whole 
layer of graft tissue. (B) Proliferation of epithelium 
(arrows) is beginning in hair follicles (H and E, 8X and 
SOX) .
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FIGURE 4: A portion of the graft from a DC treated animal at 4 days 
PG. An incomplete epithelial layer is present at the 
graft-wound interface (arrows)(H and E, 8X).
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FIGURE 5: Example of a DC treated wound seven days after grafting. 
(A) The incomplete epithelial layer at the graft-wound 
interface is much less prominent than at 4 days (see 
Figure 4) . Hair follicles are dilated and contain debris 
and hair shafts. (B) Hair shafts in the dermis and 
graft have connected (arrows) (H and E, 8X) . 
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fibroSsTn?he upper dermis (a^rrow heads) (H and E, 8X) .
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FIGURE 6: (C) Photograph shows smoothly adherent graft (arrows)

with short hair growth of a treated animal. (D) 
Photomicrograph of a treated graft shows thin layer of 
fibrosis in the upper dermis (arrow heads) (H and E, 8X),
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FIGURE 7: Comparison of treated and control animals 3 months PG.
(A) Gross appearance of grafted wound (arrows) from a 
control animal which healed with mild-to-moderate 
contraction and moderate hair growth. (B) Microscopic 
section of control graft shows a subepidermal layer of 
fibrosis (arrow heads). The right portion of the section 
has fewer hair follicles (H and E, 8X, Bar=500 microns) . 
(FIGURE 7 CONTINUED)
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FIGURE 7; (C) Gross photograph of a treated graft (arrows) shows no
contraction and abundant hair growth, (D)

Photomicrograph from the grafted wound of a treated 
animal shows nearly normal skin except for a slight 
de<^rease in the number of hair follicles and 
subepidermal fibrosis (arrow heads) (H and E, 8X, Bar=500 
microns) .
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discussion 

defines6 of,ci+.r.culatory impairment after thermal injury 
aerines the extent of tissue destruction and ther^fnrí» 
possibility of wound healing. This depth of tissue destruction^ 

second*^3 obvious, and wounds that appear to be deep 
grl6 burn? may' during subsequent days, undergo furthe? 

ischemia or become infected with resulting loss of initially viablP 

autografting "o? d^VaVtiaf-thîcÎ^ss ^ûfnf'^Sulh^prlcâdu^s 

LiiíLv'^ flammation and subsequent scarring associated with tissue slough 

sufYival of an autograft depends on early establishment of 

p-oduots DelanvfSrh^-ient 3UPPly and disposal °f ^ta¿¿l“s?e 

lÍrnft TL^rll 
a«°dSef ti" tk t" 1972' a^S^13ugegXeCsted0nthaatndsuchPcompïioatîÔns 

wouenddU^0anhde ^ 

Iiteseand e«taÍted1thÍft0f 3pU1t"thicl'ne33 autografts on their donor 

migrate thíoSgh viaWe ?“s« "ThTs^inabn“ tSPÍt?elÍUm WÍ11 n0t 

™ « ïi 

r^r.«nín Study' we found that the transient epithelial cell 
the^rîf?-1011 °c<rufrin9 between viable host tissue and a graft at 

hype?pÍÍsticUenithe?í:faCe' WaS exa9gerated by DC treatment. This f derived f%m de^"l "hL^VoTAc^es"5 in^t^kound 

w^rap^reT t^r^atensi^of Th" Tpî^i^ 'cell?3'into 
conneotions made with adjacent viable hair canals in the graft 

eîi3 fph®nfü”‘“non ”ay b® an example of the previously reported 
effects of direct current on epithelial growth (10-13). P 

healing inU9DhCttreÏÏ«daniSmS1Und®rlying the overa11 improvement in neaiing m DC treated animals in this study are not clf»ar t-ho 

rapA re?3of rtmeChan,iSt-iC exP1a"ation. There was' more 

thf control g?o"p ^n^SItt " DC -9^ tha" in 

wh i 1 e Cg r a f t s An* c ont;3 Pe_e?ta?lisheci by the second^os^graft^a“ 

stasis 
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duration of graft and wound bed ischemia would be expected to 
result in a reduced inflammatory response and, in turn, less 
fibroblast replacement and wound contraction. Early re¬ 
establishment of graft circulation in the DC treated animals 
appears to have provided the nutrients needed for more rapid take 
of the grafts and either prevented the accumulation of toxic 
metabolic products or accelerated their elimination to reduce the 
inflammatory response and improve the quality of healing of both 
the wound and the graft. 
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ABSTRACT 

PROJECT NUMBER: 3M161102BS14-00, RESEARCH 

PROJECT TITLE: The Effect of Cutaneous Burn and Inhalation Injury 
on Pulmonary Function in Rabbits 

INSTITUTION: US Army Institute of Surgical Research, Fort Sam 
Houston, San Antonio, Texas 78234-5012 

PERIOD COVERED BY THIS REPORT: 1 Oct 89 through 30 Apr 90 

INVESTIGATORS: Tsutomu Sakano, MD 
Carlin V. Okerberg, DVM, PhD, LTC, VC 
Ronald L. Shippee, PhD, Major, MS 
Jose Sanchez, Staff Sergeant 
Arthur D. Mason, Jr., MD 
Basil A. Pruitt, Jr., MD, Colonel, MC 

In the course of developing a model of inhalation injury, the 
relationship between the severity of pulmonary injury and specific 
techniques and doses of smoke exposure was examined in pairs of 
rabbits simultaneously exposed to smoke. In group I (5 pairs), one 
animal in each pair was exposed to smoke with a breath hold (BH) at 
the end of each exposure; the second animal received an exposure 
producing the same level of carboxyhemoglobin without BH. In group 
II (6 pairs), both animals were exposed to 25 units of smoke 
simultaneously, with BH. In group III (3 pairs), one animal 
received a 20 unit and the other a 25 unit exposure, both with BH. 
In group IV, 9 animals received 25 unit exposures with BH and were 
observed for four days. Groups V and VI served as controls. 

Smoke exposure with BH regularly produced severe injury in 
terms of decreased Pa02 and histopathology, while exposure without 
BH did not, despite high levels of carboxyhemoglobin after smoke 
inhalation. The mean differences in percent residual Pa02 (Pa02 at 
48 hrs X 100/pre-injury Pa02) and in extravascular lung water 
(EVLW) at 48 hrs within pairs of animals receiving 25 units with BH 
were 12.3±5.33%, and 0.271±0.157 ml/g, respectively. Histological 
findings such as necrotic tracheobronchitis with pseudomembrane 
were consistently present. No differences were observed between 
animals receiving exposures of 20 and 25 units. During the four 
days of observation, three animals in Group IV died. Pa02 was 
lowest on the second day and rose thereafter in all surviving 
animals except in one that had massive pneumonia. EVLW was still 
elevated on the fourth day after injury. Histologically, the 
destroyed surface epithelium in the airway was covered by a 
nonciliated epithelium, and focal pneumonia was found frequently in 
the pulmonary parenchyma. 

These results indicate an advantage of the extended exposure 
afforded by BH in creating consistent, severe injury and the 
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important part played by pneumonia in determining prognosis beyond 
the second post injury day. The model appears useful for 
evaluating the effects of inhalation injury with concurrent 
cutaneous burn or wound infection, and for assessing various 
regimens for the treatment of inhalation injury. 
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THE EFFECT OF CUTANEOUS BURN AND INHALATION INJURY ON PULMONARY 
FUNCTION IN RABBITS 

In recent years, great advances in clinical management and the 
prevention of burn wound infection have enhanced the survival of 
severely burned patients. The prognosis of large cutaneous burns 
is still compromised, however, when complicated by concurrent smoke 
inhalation injury. Inhalation injury, especially when combined 
with pneumonia, remains a major contributor to the morbidity and 
mortality of burn injury (20). Several animal models (12,16,19, 
23,24) have been developed to address the pathophysiology of 
inhalation injury. We selected the rabbit as the experimental 
animal for this model for several reasons. First, the species 
lends itself to studies of the interaction between inhalation 
injury and cutaneous burn, since its size facilitates the use of 
immersion in hot water to produce burn injuries of precise size and 
depth. Second, the animal is large enough to permit successive 
blood samples, which are necessary for the analysis of the time 
course of physiological response. Finally, the animals are easy to 
maintain and handle, and their cost is not high. 

Inhalation injuries are usually produced by gaseous or 
particulate products of incomplete combustion. Particles in smoke 
may be coated with irritating chemical agents, such as aldehydes 
and hydrogen chloride, and thus carry these irritants as far as the 
alveoli (5). Incorporation of a 0.5|im pore-size filter 
significantly blunts the changes in lung mechanics observed after 
smoke exposure (3). Generation of such toxic elements depends on 
conditions of combustion such as oxygen supply, temperature and 
heating rate in the fire (21). Since each fire generates its own 
variety of smoke and associated toxic materials, the severity of 
experimental inhalation injury is not completely controllable. 

In pilot studies, we found that administration of smoke to 
rabbits in the usual manner did not produce consistent injury, 
although carboxyhemoglobin levels in arterial blood taken 
immediately after smoke exposure were between 60 and 75%. A 
spectrum of severity of injury was observed at constant doses of 
smoke generated from the same material. 

For these reasons, we studied the effects of a breath hold at 
the end of each smoke inhalation on the consistency of severity of 
injury. To assess the variance inherent in this model, we exposed 
pairs of rabbits to the same or different doses of smoke 
simultaneously. Finally, we studied the longer term effects of 
smoke exposure in these animals, assessing mortality, morbidity and 
histopathologic changes. 
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MATERIALS AND METHODS 

weiahf^n8; ^^y-seven male New Zealand white rabbits (mean 
weight 3050 ± 380 g) were used in this study. The animals were 
housed singly in stainless steel cages and were studied in an 
unanesthetized state for two or four days with food and water 
provided ad libitum. Intravenous fluid was not administered during 
the experiments. y 

Six groups of rabbits were studied. In Group I (5 pairs) 
pairs of animals were simultaneously exposed to smoke. One 
received 25 units of smoke with a breath hold (BHU) at the end of 
each smoke insufflation. One unit of smoke required 27 seconds to 
administer and consisted of three successive insufflations of smoke 
(1 sec) with a breath hold of four seconds, followed by 12 
successive ventUations with air (Fig. lA). The other member of 
the pair received eight units of smoke without breath hold, each 
unit consisting of 15 successive insufflations with smoke, followed 

12 mWKanï t?ns air (Fig- ln)- Tidal volume was fixed at 
l2 m/.Kgi°r a ventiiations. In Group II (6 pairs), members of 
w P ^ f animals were simultaneously exposed to 25 BHU and 

oairrw^ tWH taySon ^ GrOUp 111 <3 Pairs>' on® animal in each 
pair was exposed to 20 BHU and the other to 25 BHU. In Group IV 
(n 9), animals were individually exposed to 25 BHU and pulmonary 
changes were observed for four days. Groups V (n=5) and VI (n=5) 
served as sham operated controls and were observed for two and four 
days, respectively. 

METHODS 

A 24 gauge catheter was placed in the middle artery of the ear 
a day before an experiment. Animals were anesthetized with 
ketamine 40 45 mg/Kg) administered intramuscularly, followed by an 
additional dose of pentobarbital (10-20 mg/Kg), and intubated 
hPfniÜ rela£ant (Pancuronium bromide 0.01 mg/Kg) was administered 

llliïlct™?ÏL«eX?°a?re ■ . Bl00d 938 levels were determined 
ind iverv iJ f, ' In3ÍrUmentatlon Laboratory) before the experiment 

Y ,er ln3ury-. carboxyhemoglobin concentrations 
( 0 Ht>) were measured in arterial blood taken immediately after 

Laborsfiivf016!^31119 a. J°"0ximeter (Model 282, Instrumentation 
Laboratory). After sacrifice, the right lung was removed rapidly 

of extravascular lung water (EVLW) by a 
°5 the gravimetric method described by Pearce et al. 

mo«;—¿i n ppm homogenate was dried in a microwave oven (Model 
Î!PS f1?! ?EM Corporation) by the method of Peterson et al. (15) . 
The left lung was fixed for histological examination. 

■i n4-iiV\a!h^UbatÍOn • For accurate and reliable endotracheal 
a stri^g . was used to guide a tube from mouth to 

trachea. A one-inch midline skin incision was made on the ventral 
surface of the neck and the trachea was exposed. The glottis was 
anesthetized, using 0.1 ml of 4% Xylocaine injected through an 18 
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gauge needle inserted into the trachea 1 cm below the thyroid 
cartilage. A guide wire with 4-0 suture was passed cephalad from 
the needle hole in the trachea into the mouth. 

This suture was tied to a suture attached to the tip of a 3-0 
cuffed endotracheal tube. The tube was then drawn caudad by 
traction on the lower suture until correct placement in the trachea 
was reached. If resistance was encountered at the larynx, the tube 
was rotated gently, or the position of the head was changed to 
permit the bevel of the tube to pass between the vocal folds. 
After confirmation of hemostasis, the incision was then closed. 

Smoke Inhalation. Smoke was produced in a generator by 
burning seven and a half commercially available disposable pads 
(Stanford Professional Products Corporation) made of cellulose 
(83.4% by weight), polyethylene (8.8%), polypropylene, etc. Smoke 
was collected in a Douglas Bag (50 L, Harvard) through a smoke 
delivery system and cooled to room temperature. Carbon monoxide 
(CO) concentration was measured in the collected smoke (CO 101, 
Neotrcnics), and if the level was outside a range of 1 to 2%, the 
process was repeated until smoke having the desired concentration 
was obtained. A volume-adjustable syringe was used for alternate 
insufflation of smoke or air. 

Statistical Analysis. The data are presented as means ± 
standard deviation. Statistical differences in the change of Pa02 
within and between groups were evaluated using the Tukey 
studentized range method, after a two-factor ANOVA with repeated 
measures on one factor. The differences in EVLW on the second and 
fourth days post injury were evaluated using the Tukey studentized 
range method after one-factor ANOVA. Null hypotheses were rejected 
at p<0.05. 

RESULTS 

Group I. One animal died 26 hours after 25 units of smoke 
exposure with breath hold and this pair was excluded from analysis. 
The average immediate post-exposure CO-Hb concentrations in rabbits 
receiving eight units without BH and 25 units with BH were 
68.1±2.58 (SE) and 69.0±4.10%, respectively. Changes of Pa02 in 
each group are shown in Fig. 2. Only rabbits exposed to smoke 
with breath hold had significantly lower Pa02 than the control at 
24 or 48 hours. EVLW increased in rabbits exposed to smoke with or 
without breath hold; there was no statistical difference between 
the two (Fig.3). Smoke exposure with BH consistently produced 
necrotic tracheobronchitis and bronchiolitis with pseudomembrane 
formation. Inflammation of surrounding tissue, including edema and 
increased accumulation of neutrophils, was also present. Histo¬ 
logical changes were more severe in the trachea and major bronchi 
than in the distal bronchioles or parenchyma. Most of the rabbits 
exposed to smoke without BH had only minimal focal damage. 
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The average of CO—Hb levels aft:er smoke exposure ii 
all rabbits was 75.4±2.98%. The mean difference of CO-Hb leveis 
within a pair was 2.67±1.2%. The average Pa02 in all animals 
before, 24 and 48 hours after smoke exposure was 80.9±6.67. 
67.5+8.56 and 57.0+10.2 mm Hg, respectively. Figure 4 snows the 
paired differences in percent residual Pa02 (PaO2x:i.0u/pre-injurv 
Pa02) at 24 and 48 hours after injury; the mean differences within 
a parr were 11.1±10.1 and 12.3+5.33%, respectively. The average of 
EVLW in all rabbits was 3.655±0.229 ml/g; the mean dirference or 
EVLW within a pair was 271±0.157 ml/g. 

Group III. The percent residual Pa02 at 48 hours after injury 
in paired rabbits receiving 20 and 25 BHU is depicted in Fig. 5. 
One rabbit did not experience any decrease of Pa02 and in one"pair 
20 units of smoke exposure produced more histologic evidence of 
damage than 25 units. No consistent difference in severity of 
injury was identified in this group. 

Group IV. The average of CO-Hb levels in all rabbits 
immediately after smoke exposure was 72.5±6.83%. Three of nine 
animals died during the four day period of observation (Fig. 6) 
In those animals that died, wheezing was always present, and death 
was sudden. In all the surviving animals, Pa02 decreased gradually 
anl"as lowest on the second day, rising thereafter except in one 
rabbit with severe bilateral pneumonia (Fig. 7) . EVLW at the 
fourth day was 3.533±0.371 ml/g and was still high in the animals 
exposed to smoke compared to EVLW of the control animals (Fig. 8). 
Histologically, the injured tracheobronchial surface was covered by 
a nonciliated, stratified epithelium, with some areas still covered 
with pseudomembrane. The extent of subepithelial edema and the 
numbers of infiltrating inflammatory cells on day four was markedly 
less than on the second post injury day. In contrast to the 
reparative processes in the trachea and bronchi, scattered focal 
areas of pneumonia were frequently found in the parenchyma. 

( A ) One unit of smoke with a breath hold 

Smoke(15 seconds) 1, hold_, 2, hold , 3, hold 

Air (12seconds) 1, 2, 3, 4, 5, 6, 7, 8, 9,10,11,12. 

( B ) One unit of smoke without a breath hold 

Smoke (15 secoiids) lt 2, 

Air (12 seconds) 1t 2, 

t£ 1 The "ni; j /f 

4 9^ 

3, 4, 5, 6. 7, 8, 9,10,11,12,13,14, i5. 

3. 4, 5, 6, 7, 8, 9,10,11,12. 
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FIGURE 2. Time course of change in Pa02 for 48 hours after injury. 
Closed triangles: control. Open circles: animals 
exposed without breath hold. Closed circles: animals 
exposed with breath hold. * Significantly different 
(p<0.05 or ;:,ore) from control values. + Significantly 
différent from pre-injury values. 

FIGURE 3. Extravascular lung water at 48 hours after injury. 
♦Significantly different (p<0.05 or more) from control 
values. 
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FIGURE 4. Percent residual PaO 
hours after 25 BHU. 

2 in paired animals 
Lines connect pairs. 

at 24 and 48 

50 —T 
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—1 I 
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Dose of Smoke 

riGURZ 5. Percent residual Pa02 at 
exposed to 20 and 25 BHU. 

48 hours in paired animals 
Lines connect pairs. 
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Days 

FIGURE 6. Survival during four days after 2b units of smoke 
exposure. 

! 
2 

Days 

FIGURE 7. Time course of change in Pa02 for four days after 
injury. Closed circles: control. Open circles: 
animals exposed to 25 BHU. *Significantly different 
(p<0.05) from control values. + Significantly different 
(p<0 from pre-injury values. 
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riGOM g. Extravascular lung water at four days after iniurv 
Significantly different <p<0.05) from control values^ 

discüssiqm 

^um?n vnd exPerimental studies of inhalation iniurv (8 

cilia aS^i^T3 in the 1U^ characteristically inciude iis's of 

inflanunatory exudat^lea^tQ1^«'h Slo^ghin9 ««erotic tissue and 
obstruction7 with formation ^ airway 
Coincident with these chanrroQ telectasi.s' congestion, and edema, 
risk of nf0 i-vT116!6 chan9es, progressive hypoxia develops and the 

life-threatening bacterial infection is increased M? 
Rabbits exposed to smoke in this study showed similar changes 

partly becausefof3^^^ +-in^alati°n s.tu.dies is n°t widespread, 
adequate levels of anesthf»«^ in iI!a:Lntainin9 a patent airway and 
anesthesia varies widelv and t-ho The . suacePtlbility of rabbits to 
and death is quite narrow bftween surgical anesthesia 

used intravenous anesthetic agent fír rabbits ^‘'LTth COmr,only 

ZîTân? d7^?ràïrtatioo^sl's the 
tongue are major obstacles lo rapid^ntÄn^^he ÄtiSn 
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t.ecnnique used in this study was simple to perform without injury 
to the glottis and required minimal anesthetic doses. N' 
complications attributable to anesthesia were encoum.ered. 

Potkin et al. (16) observed severe hypoxemia and patlol ogi ’ 
changes in rabbits after 40 minutes exposure to white pine wocc. 
smoke diluted by air, with a resultant mean CO-Hb level of 39.6¾. 
Tong-term exposure to smoke with low CO concentration will oermit 
severe injury witneut high CO-Hb levels. We used sro.xe vrith 
relatively high concentrations of CO to render exposure time as 
short as possible because, in a pilot study, smoke with high CC 
levels produced more severe injury than smoke with low CO 
concentration, even when the same dose was administered. Severity 
of injury did not appear to be better controlled by long-term 
exposure, due to the technical difficulty in generating and 
administering smoke of constant quantity and quality. 

Breath hold has been used in only one previous study ot 
inhalation injury (19) and its effect has not been well defined. 
In the present study, severe pulmonary damage was not produced 
consistently without breath hold, and even with similar levels of 
CO-Hb, exposure to smoke with BH produced more severe injury in 
terms of oxygenation and histology. The total number of smoke 
insufflations was smaller in rabbits receiving 25 units th a noJd 
than in those exposed to eight units without a hold (75 vs 120', 
while exposure time was longer in the former animals (375 vs 12C 
seconds) . This result suggests that almost all CO in smoke may he 
absorbed during the early phase of a breath hold, while othei 
combustion products may continue to be deposited in the pulmonary 
tree during the later phase of the hold, resulting in increased 
absorption of other combustion products and greater toxicity to the 
exposed tissue. 

The factors necessitating this manner of smoke exposure, whi a, 
may differ from those affecting clinical patients, are not known 
The material burned in this study was mostly cellulose, whosr- 
principal decomposition products are acrolein and other aldehydes 
(17) . These products are present in high concentration in smoke 
from the combustion of household materials and are known to cz-'.u 
acute pulmonary injury (25) . Although we cid not inoa^ure 
combustion products from the pads, it is unJikeJ.y that amcke iron, 
this material is in any sense uniquely benign or unlike) y r.o 
produce severe injury. Differences in the velocity of CO-Ki. 
saturation due to differences in blood volume, cardiac output, »j. 
affinity of rabbit hemoglobin for CO, or different sensitivity n 
the respiratory system to combustion products may offer poasicie 
explanations. It is possible that patients exposed to smoke w.ith 
high CO levels do sustain only slight injury if they survive: a..a 
that the observed clinical correlation between CO-HO leve]s ana 
severity of inhalation injury pertains only to patients exposed to 
smoke having relatively low CO concentrations. 
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Despite the considerable differences observed in PaO and 
histology, EVLW was equally elevated in animals exposed to smoïe 

"a'^hee^model inhalation 

c¿n íáteth:ell C^ c^^eÂ^“ sS^e "exposé,"li^ 

<PaoÄ 
exposed to carbon monoxide, with resultant CO-Hb level of 61¾ vhow 

marhe^ea?nterresatit faí0thHePÍthelÍal spellingSanS 
:lve^r/^i^^i^ce^^ur-esu^^coinistthe 

be'related t^Ä ?«mat?^St that Carb°n m0n0Xide in sm^e 

Q^m„iín 3 p.air of animals receiving the same dose of smoke 
simultaneously, small differences of CO-Hb were detected and wor-o 

MÕoHbly,attrÍbUJ:able to individual differences in cardiac Sutput 
PaS? and lvLwe aC; a?ehavera5e differences in residual p^ëni 
0 271±0 d15T^W„ 8 .°“rs, P03t in3ury «ere 12.3±5.33% and 
relatedVo ina/^H r®3Pectrvely. These differences are probably 
£wlatedi.t0'ind^vidual biological variation, since heteroceneitv in 
the smoke itself was excluded by pairing and other plobllml such 

diffe?eSceseinn r!^rded as negligible due to'small airrerences in CO-Hb levels within a pair. Beelev et al /i\ 

inCthe1Zie n marke d ^“ii^.in the extent of histologic changes 
term«? ^,al:)t,;Lts despite uniform exposure to acrolein in 
terms of time and concentration. Even with the addition ot a 

IndÍví”«lnhaled «oíame we still found modest differences in PaO 
t-hf EcVLM U1 chl V palrs- In a sheep model of inhalation injury (19) 2 
the curve of physiologic response with increasing dose is siomoii 
in shape; beyond a certain dose of smoke, deterioration o? 
5iff?"af5f functl°n accelerates rapidly toward lethality The 

thif cSaíacÍêris?icSof°ther0í °' ?ev?rity may ba a consequence of cnaracteristic of the physiological response. 

before^r^t^tt136^66^ 24 3nd 72 hours; no deaths occurred 
Dt nfai-K after this period. It appeared that the immediate cause 
h, d-\h WfS hyP°xia due to impairment of alveolar structure 

Säs P™iz°ed 7nCtin °f the,tr\Chaa °r ">ai°b bronchi,Stwheezing 

condition deteriorated suddenly just^prior^tQ3 death * a"lmals’ 

lowe?hairwa0vSalSretdvtha haVS seParated and'occludíd^ 
we could not d^mnLt ^°We by Pseudome^rane formation. Although 

^ .demonstrate complete obstruction of the trachea 
oartiaT'nh^taniJ[ials with little pulmonary reserve may die of acu?i 
bPa°2 fel1 Pro9ressively and wasYlowest on the 

second day,- it rose thereafter in all animals except one that had 

bronnh-^? pne?mon^a- Pathological changes in trachea, bronchi and 
onchioles also improved by the fourth post injury day. Peitzman 

êJLJàl. U4) have shown lung water accumulation in patients with 
halation injury, whereas Tranbaugh et al. (22) could detect edema 
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only after the patients became septic. Recent studies support an 
increase of lung water during the acute phase of injury (2,7) . Our 
results confirm an increase in lung water two days after injury, 
with edema observed on the fourth day. This finding is consistent 
with human studies in which patients recovered during the first 
three days except for elevated EVLW (7). 

In the experimental model of inhalation injury described here, 
the differences in Pa02 and EVLW within a pair were small and, as 
long as massive pneumonia did not occur, the time course of Pa02 
showed consistent improvement beyond the second day. This model 
appears useful for the evaluation of the effects of various 
treatments on inhalation injury, and for the assessment of the 
consequences of interactions among burns, infection and inhalation 
injury. 
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ABSTRACT 

PROJECT NUMBER: 3M1611Q2BS14-0Q, RESEARCH 

PROJECT TITLE: Effect of Resuscitation Fluid on Hepatic BJood Flow 
and Hepatic High Energy Phosphate Production in a 
Swine Model of Hemorrhagic Shock 

INSTITUTION: US Army Institute of Surgical Research, Fort S^m 
Houston, San Antonio, Texas 78234-5012 

PERIOD COVERED IN THIS REPORT: 1 Oct 89 through 30 Sep 90 

INVESTIGATORS: William K. Becker, MD, Lieutenant Colonel, MC 
Teresa M. Buescher, MD, Major, MC 
William G. Cioffi, Jr., MD, Major, MC 
Arthur D. Mason, Jr., MD 

The role of small volume hypertonic saline-dextran (H3D) 
resuscitation following hemorrhage is unclear. Improvement in 
hemodynamic parameters may be at the expense of cellular function 
due to shift of intracellular water. Following a 35% hemorrhage, 
the ability of small volume (ml/kg) HSD to restore hemodynamic 
indices and hepatic adenosine triphosphate (ATP) was compared to 
Ringer's lactate (RL, 3ml/ml shed blood) and no resuscitation (NR) 
in immature swine fitted with arterial and venous catheters and 
hepatic artery and portal venous ultrasonic flow probes. 
Resuscitation began 30 minutes following a 35% hemorrhage which 
decreased cardiac output (CO 2.28±.56 to 1.26±.4 L/min. p<.00i), 
hepatic blood flow (HBF 345±134 to 229±108 ml/min. p<.02), oxygen 
delivery (02 DEL 278±64 to 130±40 ml/min., pc.001) hepatic AfP 
(3.7±1.9 to 1.5±. 4 (imole/gm, p<.001) and mean blood pressure, (BP, 
76±23 to 39±8 mm/Hg, pc.001). One hour post resuscitation: 

TABLE 1 

NR RL HSD 

CO 
HBF 
02 DEL 
ATP 
BP 

1.2 ± 6 
189 ± 103 
134 ± 55 
1.3 ± .3 
42 ± 13 

2.7 ± .83 
331 ± 182 
247 ± 80 
2.5 ± .6* 
60 ± 13 

1.9 ± .5 
362 ± lOx 
184 ± 69 
3.5 ± 1.2 * 
58 ± c 

*p<.05 compared to NR (A=6/group) 



CONCLüSIOM 

equally1 effective3 than RL in «Coring CO it was 

hepatic ATP production. HSc'mlyVprovid¿ ablbrfefflperiod2ofEL ^ 
support when standard resuscitation measures are i^raotical 93" 
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EFFECT OF RESUSCITATION FLUID ON HEPATIC BLOOD FLOW AND HEPATIC 
HIGH ENERGY PHOSPHATE PRODUCTION IN A SWINE MODEL OF HEMORRHAGIC 
SHOCK 

The role of small volume resuscitation fluids su< h as 
hypertonic saline or hypertonic saline dextran in the clinical 
setting following acute hemorrhage is unclear. Potential benefits 
associated with this form of therapy include decreased tissue edema 
and a reduction in pulmonary complications related to administra¬ 
tion of large volumes of resuscitation fluid. Small volume 
resuscitation fluids are easier to store and administer when 
compared to standard solutions such as Ringer's Lactate. Because 
hypertonic saline solution must "borrow" water from the extra- 
vascular and intracellular spaces to achieve restoration of 
effective circulating volume, it is possible that the intracellular 
dehydration caused by the use of these fluids may be detrimental to 
organ function. Little is actually known about the effect of these 
fluids on organ function following resuscitation from hemorrhagic 
shock. The following experiments were performed to develop a model 
in which to explore the effects of resuscitation fluids on hepatic 
blood flow and hepatic high energy phosphate levels following shock 
and resuscitation. 

Immature swine of either sex were used in this model, weighing 
1825 kgs. Animals were sedated, intubated and placed on a volume 
cycled animal ventilator. Anesthesia was maintained by halothane 
inhalation (0.51% halothane). A Swan Ganz catheter was placed into 
the pulmonary artery and a femoral arterial line was also placed. 
A midline abdominal incision was performed and ultrasonic flow 
probes (Transonic, Ithaca NY) were placed on the portal vein and 
hepatic artery. Pilot studies with this model indicated that the 
animals wound not tolerate greater than a 35% total blood volume 
hemorrhage, so this level of hemorrhage was chosen for these 
experiments. Animals were bled over 30 minutes and resuscitation 
was begun 30 minutes after the completion of the bleed. Three 
resuscitation regimes were used: 

1) No resuscitation 

2) Lactated Ringers solution (RL) 3 ml/ml shed blood 

3) Hypertonic saline dextran (HSD, 7.5% NaCl) 4 ml/kg body 
weight. 

The resuscitation fluid was administered over five minutes. 
Hemodynamic indices were measured preshock, post shock and one hour 
post resuscitation. In addition, hepatic tissue sample were 
obtained and analyzed for hepatic ATP content. The results are 
listed below: 
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TABLE 2 

NR RL 

CO 
HBF 
02 DEL 
ATP 
3P (mean) 

*p<.05 compared to NR 

1.2 ± 6 
189 ± 103 
134 ± 55 
1.3 ± .3 
42 ± 13 

2.7 ± .83 
331 ± 182 
247 ± 80 
2.5 ± .6* 
601 + ^ 

HSD 

1.9 ± .5 
362 ± 101 
184 ± 69 
3.5 ± 1.2* 
58 ± 5 

saline-dextran (HSD^is a^e^ativ^l^effpP^earS that hYPeatonic 
for acute hemorrhagic shock eCtlVe reSUScitation 

restoring hepatic blood flow and hepatic ATP^alfho*3 h ^ 
effective than RL in ^• P^oic atp, although less 
HSD may provide a neriod of „"® dlaC outPut • Me conclude that 

practices tre impractical SUPP0 When 0t!lei res“scitation 

unanesthetizecf swine^model H^piloif .t^ ■ e^e.cte<l. to switch to an 
performed. The model includes a ln thlS model have been 
anesthesia. A splenectomv i ^ ^ary Proce iure under general 

on the portal antepatio ar^ ^ placed 
placed in the aorta throuah Pho 0 = V arterial catheter is 
placed in the oortai anH *-• cral artery, and catheters are 

the puimonary arterv cîïl^ ^T ^ 3 S”an Ganz cathet^ ^ 
protected by Velcro patches and f? n a a t.u,nneled subcutaneously, 
solution. Approximately i dat, aft ^-ly Wlth 3 heParin-salin4 

are placed, ^wa“^ 1 mo'diffed^Pa^n 
experiment. Pilot studies determined that a 40% totalíiS? 
hemorrhage had an LD80 at 24 hour<? i blood volume 
the experimental protocol a 4S% wfr?d ,allowed for completion of 
at 24 hours with many anirnî? t n Îhîge resulted ^ an LD 100 
begin. Therefore a 40¾ h dying be^re resuscitation could 

Additional experTmenL 2Líímtífía9eHWiaSKChOSen for this model- 
results are no^ yTtT^ïe ^or aTalys be8n 
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a oofactor°for ovfÆenz™/’ ' f“m of Etamin B6, is 
metabolism. Although B6 de'iciencuV i whloh involve amino acid 

population, the hypermetabolism associlted wi^h mln the . 9en«al 
predispose this subset of individuals to ¿6 in:iUr^ maV 
deproteinized PLP and olasm^ B6 deflciency. Un¬ 

patients following thermal injury (age 39^3 in -2° 
48±19%, inhalation injury 50%3, mortalitv sn^ M bod,y burn Slze 
PLP range from 35-150 nM/L. ResuTts(x±sD) ' m V U6S °f 

POSTBURN WEEK 
PLP nM/L 
Alanine fiM/L 
Valine 
Glutamine 
Phenylalanine 

18.3±8.8 
360±232 
165±43 
450±209 
91±26 

18.5±3.8 
232±77 
162±29 
374±60 
70±27 

16.1±10.3 
316±94 
158±25 
490±70 
63±19 

deficiency. No PlTand ¡;ncilcati''e of vitamin 
amino acid levels was noten tsPLP and burn Slzef outcome or 

increased requTreme"? f“ vitamin B6 ^0^ ^ indiCatS an 
injury. An alternate explanation is a shift of PLp9tomfnt°r 
locations following thermal injury. t0 intracellular 
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CORRELATION OF PLASMA AMINO ACID AND PYRIDOXAL-5'-PHOSPHATE (PLP) 
LEVELS IN THERMALLY INJURED PATIENTS 

PLP is the active form of vitamin B6, which is a cofactor for 
more than 100 enzymes. Many of these enzymes are important in 
amino acid metabolism. Deficiency of PLP is unusual in individuals 
ingesting a normal diet, but has been observed in critically ill 
patients, during pregnancy and following acute myocardial 
infarction. It is unclear whether the depression in PLP observed 
in these conditions is clinically important. To further invest¬ 
igate PLP in critically ill patients the following study was 
performed. 

PATIENTS 

Twenty-five patients were entered into this study. All 
patients had thermal injury and were admitted to the USAISR. 
Partial data are available on 20 patients and form the results 
listed below. Weekly levels of underproteinized PLP and plasma 
amino acids were determined in these patients and patient demo¬ 
graphics were collected. Representative values of amino acid 
levels and PLP levels for post burn weeks 1,3,5 are listed in Table 
1. Demographics for this group of patients are: Age, 39±13; total 
burn size, 48±19%; inhalation injury, 50%, mortality 50%. 

In this group of patients with severe thermal injury there was. 
an immediate and sustained fall in PLP levels. No correlation 
between PLP levels, outcome, burn size or amino acid levels was 
noted. PLP levels were in range generally considered indicative of 
vitamin deficiency (PLP< 35 nM/L). It is unclear whether this 
represents a true deficiency or, possibly a shift of PLP to 
intracellular sites associated with an increased requirement for 
enzymes (and co—factors) needed to metabolize the increased flux of 
amino acids associated with major burn injury. Further studies to 
measure intracellular PLP levels and enzyme activity will be 
performed to answer this question. 

TABLE I 

POSTBURN WEEK 1 3 5 

PLP nM/L 
Alanine |IM/L 
Valine 
Glutamine 
Phenylalanine 

18.3 ±8.8* 
360 ±232 
165 ±43 
450 ±209 
91 ±20 

8.5 ±3.8 16.1 ±10.3 
232 ±77 
162 ±29 
374 ±60 
70 ±27 

316 ±94 
158 ±25 
490 ±70 
63 ±19 

*(X±SD) 
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FIGURE 1 

□ PLP 

Plasma PLP (nM/L in thermally injured patients. 
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ABSTRACT 

PROJECT NUMBER: 3M161102BS14-00, RESEARCH 

PROJECT TITLE: Effect of Arginine Deprivation on the Response to 
Thermal Injury in Burn Wound Infection in the Rat - 
a Pilot Study 

INSTITUTION: US Army Institute of Surgical Research, Fort Sam 
Houston, San Antonio, Texas 78234-5012 

PERIOD COVERED IN THIS REPORT: 1 Oct 89 through 30 Sep 90 

INVESTIGATORS: William K. Becker, MD, Lieutenant Colonel, MC 
William G. Cioffi, Jr., MD, Major, MC 
Albert T. McManus, PhD 

Arginine is an amino acid involved in protein synthesis and in 
urea production. It is generally thought to be nonessential and 
can be produced de novo from other sources in most tissues. Recent 
reports indicate a possible role for arginine in wound healing and 
recovery from trauma. These reports suggest that arginine may 
become conditionally essential in growing animals, and following 
trauma and sepsis. The studies also suggest that there may be an 
optimal level of arginine in dietary supplements given following 
trauma or sepsis. The following experiments were performed to 
evaluate the role of arginine and the other urea cycle amino acids 
on growth, immunologic function and survival in rats following 
thermal injury and burn wound infection. 
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STUDIES 

/„ ívlt:^ai. studies were performed in male Spraque-Dawlev 
(growth studies) or inbred Lewis rats (immunologic studies) Rats 
weighed between 180-200 grams at the start of thl studies and were 
fed isocaioric isonitrogen°us defined amino acid diets (TekJad 

su¾^WíSCOnSln, deficient in arginine (0 9/kg diet) ^ 
in arginine <Ar9+) (12-1 gm/kg diet), or diets in which 

arginine was replaced by ornithine (ORN) or citrulline (CIT). 

Weight gain was monitored over four weeks: 

Diet (NS 10/group) 
Arg+ 
Arg- 
Orn 
Cit 

X±SD 
*p<.05 vs Arg+ (ANOVA) 

Weight Gain (gms) 
79.4 ± 13.9 
14.8 ± 7.4* 
40.1 ± 5.9* 
98.8 ± 8.9 

In addition the urinary output of orotic acid sn 
metabolic product of carbamyl phosphate, a urea cycle' intermediate 
and peripheral blood T cell markers were measured in Lewi^ats oi 
the Arg- and Arg+ diets. At five days the t cell helper-suoDressor 

2 ?4° 'll3 S19niflcantly decreased in Arg- rats (Arg+ 3.04+ 51 Arq- 

Lrííaí ' P -05) !nd at fourteen days orotic acid secretion was 

A?g- ?Jy9±5 Tap< oi1)" Ar9‘ ratS <Ar9+ -°8^°2 ttsatinine, 

studies were Performed to assess the effect of 
iiïei? 3 q°f ar9anine in diet on the response to burn wound 

to a stIndardP20»Ur?ri+y ïatS wei9hin9 180-200 g were subjected 
? d 2°i full-thickness burn and inoculated with various 

rat rhnwatl0í!S °f ^eudomonas aeruginosa postburn. Diet was normal 
rat chow preburn and the indicated study diet postburn 

DIET 

Arg- 
Arg+ 
Arg- 
Arg+ 

INOCULUM 
(organisms/ml) 

106 
106 
104 
104 

SURVIVAL 
(Days) 

7.63 ± .33 
8.45 ± .42 

11.52 ± .58 
12.85 ± .59 

NS 

NS 

n=20 group 
X±SE 
Survival at 15 days 
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Additional groups of animals (N=20/group) were fed an Arg- o 
an Arg-> diet for four weeks prior to burn injury and wouno 
inoculac:on. Survival in this group was: 

Diet Inoculum Survival p 
Arg+ 104 10.7 ± .13 
Arg- 104 7.7 ± .48 <.01 

Additional metabolic studies, including plasma amino acid 
levels, orotic acid excretion and polyamine excretion are pending 

In conclusion, alterations in the intake of a single amino 
acid involved in the urea cycle affect growth, intermediary 
metabolism and the response to trauma. Further investigations wil] 
be performed to assess the mechanisms of these effects. 
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ABSTRACT 

PROJECT NUMBER: 3M161102BS14-00, RESEARCH 

PROJECT TITLE: Development of an Aspergillus Burn Wound Infection 
Model - A Pilot Study 

INSTITUTION: US Army Institute of Surgical Research, Fort Sam 
Houston, San Antonio, Texas 78234-5012 

PERIOD COVERED IN THIS REPORT: 1 Oct 89 through 30 Sep 90 

INVESTIGATORS: William K. Becker, MD, Lieutenant Colonel, MC 
William G. Cioffi, Jr., MD, Major, MC 
Albert T. McManus, PhD 

Fungal infection has replaced bacterial infection as the most 
common type of burn wound infection. There is no reliable animal 
model of fungal burn wound infection. This study was performed in 
an attempt to develop a reliable model of fungal burn wound 
infection (FBWI). Previous reports indicated that immunologically 
unmodified rodents were resistant to development of FBWI. In this 
study Sprague-Dawley rats were immunologically modified by a) 
cyclosporine, b) steroids, or c) streptozotocin induced diabetes, 
and were inoculated with Aspergillus following a standard burn 
injury. Despite these immunologic modifications the development of 
FBWI in these animals was rare (<2%), though colonization of the 
burn wound by Aspergillus was common. These experiments (burn 
wound and Aspergillus inoculation) were repeated in a small group 
of immunologically deficient mice, again with no FBWI developing. 
These results suggest that rodents are resistant to the development 
of FBWI and that model development should proceed in other species. 
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DEVELOPMENT OP AN ASPERGILLUS BURN 
STUDY 

WOUND INFECTION MODEL - A PILOT 

This study was performed in an attempt to develop a reliable 
model of FEW! in small rodents. FBWI has replaced bacterial bSrn 
• lnfe?tlon (BBWI ) as the most common form of burn wound 

am!?? a™ 1X? Pat>®ntS at this institute. The development of a 
small animal model of BBWI was useful in evaluating treatment 
strategies for this problem. Previous work on the development of 

resistant r0cients (rats' mice> were relatively 
resistant to the development of FBWI. a program was therefore 
designed to modify resistance in these animals in an attempt to 
increase the likelihood of the development of FBWI. The following 
experiments were performed: ^ 

. ^o»HVe“Dawley rats underwent a standard 20% body surface area 
wele itudild? r pentobarbital anesthesia. The following groups 

1. Control 

• • ^' CyclosP°rine 10 mi/kg IP starting 24 hours before burn 
injury and cont nuii.g for live days after burn injury. 

prior3toSinjuryS " Cortisone acetate 5 mg subcutaneous 24 hours 

davs diabetes " 50 "ig/kg streptozotocin IP 10 days prior to burn injury. 

or 481^^9^1^3 °f .AsPer9nlus were inoculated at times 0 or 24 
or 48 hours postburn injury. There were ten animals per group. 

RESULTS 

developed in less than 2% of animals in this study 

cult^^f^ho010111269- the • WOUndS easily and was recovered by 
culture of the wounas in animals from each group. Colonization of 
the wound with fungus at levels lb and Ic was observed in each 

FBWIP Sí tho°SpgíOUP had ? atatistically significant occurrence of 
FBWI. In those few animals that did develop focal FBWI, no systemic 
organ involvement with fungus was noted at autopsy ^tenuc 

Thirty beige mice, 
«'so subjected to 20% 
evidence of FBWI was 
examination of the burn 

who have an inbred T cell dysfunction, were 
BSAB and Aspergillus inoculation. No 
noted at that time of histopathologic 
wound. 
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SUMMARY 

Small rodents are remarkably resistant to the development of 
FBWI, in contrast to their susceptibility to BBWI. Therefore, model 
development should proceed in other species. 
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ABSTRACT 

PROJECT NUMBER: 3M161102BS14-00, RESEARCH 

PROJECT TITLE: Effect of Surfactant Replacement on VA/Q in Sheep 
with Inhalation Injury 

INSTITUTION: US Army Institute of Surgical Research, Fort Sam 
Houston, San Antonio, Texas 78234-5012 

PERIOD COVERED IN THIS REPORT: 1 Oct 89 through 30 Sep 90 

INVESTIGATORS: William G. Cioffi, Jr., MD, Major, MC 
Bryan S. Jordan, RN 
Arthur D. Mason, Jr., MD 

This project was approved by the USAISR Research Council and 
US Army Institute of Surgical Research Animal Care and Use 
Committee during the second quarter of FY1990. Ten animals were 
used to validate the model and to begin the assessment of the 
efficacy of surfactant replacement in an ovine model of smoke 
injury. 
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EFFECT OF SURFACTANT 
INJURY 

REPLACEMENT ON VA/Q IN SHEEP WITH INHALATION 

INTRODUCTION 

, effect of inhalation iniurv on va/o ., 
Duím11516 inert gas eliniination technique (MIGET) ', and on cardio- 
ModPr^fy4-ParameterS haS been wel1 described in an ovine model (1) 
o?dWQeto0theeTeeftinÍUrey CaUSeS hypOXÍa/ ^Percarbia,ean5daelshlk 
> 0 but < 1 in irîcreas® in lung segments with VA/Q 

these8 d°n t0 ShUnt and low'Vk/^ ^unT^egïent empt s11 ^al tef 
these derangements with conventional ventilation utilizinaÍF^ 

shunfor î^/rc^Â bUt ^ ^ ef^ek^ 

Suã?—sä 
PvmpTn1^1033,-0^ S^rffctant following smoke exposure may partiallv 
seei ! atelectasis a«d marked instability of alveolar waÜs 

immsrnmmm 

ïhi êàESSSIPî J“" -----ä 
thl control grouo e significantly fewer deaths than 

interstitial eÄ^ISd X^ot^at % ^TrXl^c 

the^respiratory ^tstres^syrnfrom^.110^11^ the Pul— s^-^e of 

MATERIALS AND METHODS 

weighing 25-4^0^1. ^eS1v.9n: .Forty-t»o neutered male sheep 

iÄLn^n-ry^iirti 1^0^^ ^Ärd^nelÄ 
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inhalation model developed at this Institute. The experiments will 
be divided into three phases. In Phase I of the experiment, 10 
sheep will receive a moderate smoke injury which should result in 
a carboxyhemoglobin level of approximately 70% at the completion of 
the smoke exposure. Twenty-four hours following injury, the 
animals will be intubated and instrumented. Heart rate, blood 
pressure, central venous pressure, pulmonary artery pressure, 
cardiac output, arterial blood gases, tidal volume, flow rates, 
transpulmonary pressures, and static and dynamic compliance will be 
measured every 30 min. Once the ventilator settings are maximized, 
the animals will be allowed to stabilize for one hour. VA/Q 
distributions will then be measured using multiple inert gas 
elimination technique. Upon completion of two measurements, each 
animal will then receive a liquid bolus of SXOSURF (5 ml/kg) via 
the endotracheal tube. Thirty minutes and one hour following 
surfactant administration, repeat cardiopulmonary parameters, 
arterial and mixed venous blood gases, and VA/Q will be measured. 
In Phase II of the experiment, animals will receive a severe 
inhalation injury with carboxyhemoglobins of 80-90% following smoke 
exposure. The animals will remain intubated and paralyzed post 
smoke exposure. Immediately following injury and ql2h, each animal 
will receive a liquid bolus of either EXOSURF or EXOSURF vehicle in 
the amount of 5 ml/kg via the endotracheal tube. After the third 
dose or 24 hours following smoke exposure, each animal will then 
have VA/Q measured. During the initial 24 hours, ventilator 
settings will be a tidal volume of 15-18 ml/kg, a ventilatory rate 
of 10-12 breaths per minute, an FI02 of .21, and a PEEP of 5. 
These will not be altered during the experimental period. Sixteen 
animals will be used in this experiment, eight receiving EXOSURF, 
and six EXOSURF vehicle only. In the third set of experiments, 
animals will be subjected to a severe smoke injury, and remain 
intubated and paralyzed post injury. Animals will receive 
aerosolized EXOSURF or EXOSURF vehicle beginning immediately 
following injury and continuing for 24 hours. At the end of 24 
hours, VA/Q will be measured. Sixteen animals will be used in this 
experiment, eight receiving EXOSURF, and seven EXOSURF vehicle. 

b. Animal Procedures: 

(1) Methods for Appropriate Alleviation of Pain and 
Distress: All animals will be anesthetized with alpha-chloralose 
(0.5 g/kg) prior to manipulation. 

(2) Exceptions to Alleviation of Pain: None. 

(3) Description of Procedures: Forty-two neutered male 
sheep weighing 25-45 g will be utilized throughout this study. 
Each sheep will be housed in a conventional outdoor run and have 
access to food and water ad libitum. Sheep will be dewormed with 
injectable ivermectin (IvomecR, Merck and Co., Rahway, NJ 07065) 
two weeks prior to use. Inhalation injury will be induced using 
the standard ovine smoke inhalation model developed at this 
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At this point, the animal will receive exogenous synthetic 
surfactant obtained from the Burroughs Wellcome Company (Research 
Triangle Park, NC) . In this experiment, the surfactant will be 
administered as a 5 ml/kg liquid bolus via the endotracheal tube. 
Thirty minutes and one hour following surfactant administration, 
arterial and mixed venous blood will be drawn and immediately 
analyzed. Expired gas samples will be obtained with each blood 
sample. Cardiopulmonary parameters will be re-measured at these 

times. 

In the next two experiments, the following protocol will be 
used. Thirty sheep will be exposed to a severe smoke injury with 
a carboxyhemoglobin of 80-90% at the completion of smoke exposure. 
Post smoke exposure, the animals will remain intubated, paralyzed, 
anaesthetized and ventilated. Ventilator settings will be a tidal 
volume of 15-18 ml/kg, a ventilatory rate of 10-12 breaths per min, 
an FI02 of 0.21, and a PEEP of 5. The animals will be positioned 
prone and ventilated with the volume-limited ventilator (Bear II , 
Bear Medical Systems, Inc., Riverside, CA). Pulmonary and hemo¬ 
dynamic parameters, as in the first experiment, will be measured in 
these animals every 30 min for the duration of the experiment. 
Surfactant will be administered to these animals in one of two 
ways. In the first group of animals, surfactant will be 
administered as a liquid bolus (5 ml/kg) ql2h via the endotracheal 
tube. Eight animals will receive EXOSURF, and seven will receive 
a .1 N normal sodium chloride. During the initial 24 hours, each 
animal will receive lactated Ringer's infused at a rate of 1 
ml/kg/hr. At the end of 24 hours, this solution will be switched 
to one which contains six inert gases as previously described. 
VA/Q will then be measured using the previously described protocol. 
An additional 15 animals will receive aerosolized EXOSURF or .1 N 
normal sodium chloride on a continuous basis following smoke 
exposure. After 24 hours of aerosolization, VA/Q will then be 
measured. 

In the second and third experiments, each animal will undergo 
bronchoscopy and bronchoalveolar lavage following measurement of 
VA/Q. Tracheal fluid will be obtained for measurement of surface 
activity, phospholipid content, and surfactant lipoprotein content 
and will be performed by the Burroughs Wellcome Company. At the 
end of each experiment, each animal will then be euthanized and 
necropsied. Representative sections of each lung will then be 
obtained for histologic study. 

RESULTS 

During this fiscal year ten animals were studied in this 
protocol. Revalidation of the smoke injury model, allowing for 
prolonged support of the animals, was necessary. Long term 
anesthesia and paralysis is not possible in the ovine model. The 
experimental design has been altered to study the sheep awake, and 
tracheotomized, with arterial PC02 maintained at 25 torr or less. 
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INTESTINAL PERMEABILITY FOLLOWING THERMAL INJURY 

INTRODUCTION 

Alteration in gastrointestinal mucosal permeability leading to 
translocation of bacteria and endotoxin has been proposed as an 
etiology of occult sepsis and multiple organ failure. Normally, 
the large numbers of pathogenic flora residing in the human 
intestines and their products are prevented from gaining systemic 
entrance by the intestinal mucosa. Berg (1) has proposed that this 
epithelial barrier may be damaged and that the translocation of 
indigenous bacteria may occur when intestinal permeability is 
altered secondary to specific disease states, the normal pre¬ 
existing bacterial relationships are altered such that one 
subpopulation experiences a tremendous population surge, or the 
host immune system is compromised such as that seen following 
thermal injury. 

The effect of thermal injury on intestinal permeability in 
humans has been studied by Ziegler et al. (2) who demonstrated that 
intestinal permeability was increased in infected burn patients but 
not in patients with thermal injury alone. However, due to the 
design of the study, it could not be ascertained whether the 
infections were caused by increased intestinal permeability or 
whether the infections promoted increased intestinal permeability. 
This study also failed to address the status of intestinal 
permeability changes during the acute phase of thermal injury. 
Deitch et al. (3) have shown that when rats are exposed to a 
significant thermal injury (>40% of the total body surface area), 
translocation of gastrointestinal bacteria may occur as early as 
two days post injury. 

MATERIALS AND METHODS 

a. Design: Twenty consecutive patients meeting admission 
criteria will be entered into the study. Intestinal permeability 
will be measured on postburn days 2,4,6,8,10, and 12. A control 
group of 10 healthy volunteers will be individually studied on two 
consecutive days. Intestinal permeability will be measured by 
administering two different molecular weight sugars which are 
absorbed via different mechanisms in the gastrointestinal tract 
(4) . Lactulose is a disaccharide which is absorbed paracellularly 
via extrusion zones at villous tips or via tight junctions. If 
intestinal permeability is abnormal, an increased amount of 
lactulose will cross the tight junctions between mucosal 
enterocytes. Following absorption, the lactulose is not 
metabolized and is excreted unchanged in the urine. Thus, the 
amount of lactulose excreted per unit time can be used as a marker 
of intestinal permeability. Because lactulose excretion may be 
influenced by extrinsic factors such as gastric emptying, 
intestinal transit time, mucosal surface area, renal function, 
cardiac output, and intestinal blood flow, a second sugar such as 
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(b) Patients not admitted to the U.S. Army Institute of 
Surgical Research within the first 48 hours postburn. 

(c) Patients with burns <20% of the total body surface 
area. 

(d) Patients who are pregnant. 

(e) Patients with preexisting renal dysfunction as 
indexed by a serum creatinine >2. 

(f) Patients with a history of gastrointestinal disease 
such as inflammatory bowel disease, malabsorption syndromes, or any 
previous history of bowel resection. 

(g) Patients with a history of chronic alcohol abuse. 

(h) Patients with a history of diabetes. 

(i) Patients with toxic epidermal necrolysis (TEN). 

c. Determination of Number of Subjects Required: This is a 
preliminary study to determine if any gross alterations in 
intestinal permeability occur following thermal injury. If this 
study shows significant alterations, then a larger study will be 
performed. 

d. Data Collection: The burn size and medical history and 
the results of urine analyses will be recorded for each patient. 
A medical history will be obtained from each control subject and 
the results of urine analyses will be recorded for each control 
subject. 

e. Data Analysis Plan: Patient data will be analyzed to 
assess whether changes in permeability occur over time following 
thermal injury. In addition, all patient data will be pooled and 
compared to control population date. 

RESULTS 

During fiscal year 1990 twelve patients were enrolled in this 
protocol. In addition, five volunteer subjects from the USAISR 
were studied. Prior to performance of the mannitol and lactulose 
assays, new assays were developed by the Biochemistry Section for 
measurement of these sugars. Previously reported assays were not 
suitable for the measurement of mannitol and lactulose in the 
urine, due to the numerous interfering substances found in the 
urine of thermally injured patients. Development of the new assays 
was completed during the last quarter of fiscal year 1990. 

Preliminary review of data from the burned patients entered so 
far reveals an approximately 10-fold increase in the lactulose/ 
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SIMULTANEOUS DETERMINATION OF LACTULOSE AND MANNITOL IN THE URINE 
OF BURN PATIENTS BY GAS LIQUID CHROMATOGRAPHY 

INTRODUCTION 

A number of investigators have proposed that thermal injury 
alters gastrointestinal mucosal permeability, permitting 
translocation of bacteria and endotoxin and leading to occult 
sepsis and multiple organ failure (1-3). Lactulose/mannitol urine 
excretion ratios have been used to monitor changes in intestinal 
permeability in various disease conditions (4,5). This report 
describes the application of gas-liquid chromatography to 
simultaneous determinations of lactulose and mannitol in the urine 
of burn patients. 

METHODS AND MATERIALS 

Subjects. Six male patients with a mean burn size of 58% of 
total body surface area (range 31% to 78%) were used in this 
preliminary study to develop the assay technique, and were from a 
larger study designed to assess perturbations of intestinal 
permeability after burn injury On the fourth postburn day, each 
patient drank a solution containing 5g of mannitol and 10g of 
lactulose mixed with 100ml of deionized water. A six-hour urine 
collection followed after ingestion of the test solution. One 
milliliter of a 20% chlorhexidine solution was added to the total 
urine collected. Aliquots of the urine samples were frozen at 
-20°C until analyses were performed. 

Sample Preparation. One hundred and twenty-five microliters 
of ImM Methyl-mannopyranoside was added as an internal standard to 
50^1 of diluted (1:5 with deionized water) urine. The sample and 
internal standard were dried under nitrogen in a heating block at 
75°C. After cooling, 100(11 of oxime solution (25mg Hydroxylamine 
hydrochloride/ml pyridine) was added. The tubes were then capped 
and incubated at 75°C for 30 minutes. After the samples cooled to 
room temperature, 100(11 of n-Trimethylsilyl Imidazole (TMSI) 
reagent (Pierce, P.O. Box 17, Rockford, IL 61105-9976) was added 
followed by a 15 min. incubation period at 75°C. 

Standard Preparation. 'Stock solutions of 5mM mannitol and ImM 
lactulose were made in deionized water. From the stock mannitol, 
solution 20, 40, 60, 80, and 100(11 were pipetted into disposable 
injection vials to give standards containing 100, 200, 300, 400, 
and 500 nmoles of mannitol. From the stock lactulose solution, 10, 
20, 30, 40, and 50(11 were pipetted into disposable injection vials 
to give standards containing 10, 20, 30, 40, and SOnmoles of 
lactulose. One hundred twenty-five microliters of ImM methyl- 
mannopyranoside was added to all standards. Standards were 
converted to oximes and silylated as described above. 
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100 anin 1 ™ampie%fr0m ^hree burn patients were spiked with 50 

Recovery data from 5' 10' and 13nmol of lactuíose! Kecovery data from these samples are presented in Table 1. 

TABLE 1. Recovery of Mannitol 
Burn Patients and Lactulose Added to Urine from 

Sample 1 

Sample 2 

Sample 3 

Mannitol 
Added 

0 
50 
100 
150 

Recovery 
Mannitol 
nmoles % 

Lactulose 
Added 

0 
5 
10 
15 

73.9 
125.4 101 
184.3 106 
228.1 102 

Lactulose 
nmoles % 

3.2 
8.9 106 

13.4 101 
20.1 110 

0 0 
50 5 

100 10 
150 15 

48.6 
101.6 103 
134.9 91 
195.5 98 

2.5 
7.9 104 

12.3 98 
17.7 101 

0 0 
50 5 

100 10 
150 15 

65.5 
121.3 105 
165.0 100 
208.5 97 

10.7 
17.6 112 
22.3 108 
30.0 117 
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Urine from one of the burn patients was used to test the 
precision of the assay. Six samples were prepared daily for five 
consecutive days. The mean within day precision for lactulose was 
found to be 4.66% and for mannitol, 0.52% (Table 2). The between 
day coefficient of variation was 1.9% and 0.4% for lactulose and 
mannitol respectively. 

TABLE 2. Within and Between Run Precision £or Urine From a Single 
Burn Patient 

Day 
1 (n=10) 
2 (n=10) 
3 (n=10) 
4 (n=10) 
5 (n=10) 

Between Day 

Mannitol 
(nmoles) 

79.6±1.0 (1.2)1 
78.8±0.2 (0.2) 
78.3±0.3 (0.3) 
78.6±0.4 (0.5) 
78.3±0.3 (0.4) 
78.7±0.3 (0.4) 

Lactulose 
(nmoles) 

3.5±0.2 (5.5) 
3.6±0.2 (4.5) 
3.5±0.1 (3.5) 
3.4±0.2 (4.6) 
3.5±0.2 (5.2) 
3.5±0.1 (1.9) 

1 Mean ± STD (%C.V) 

Data from the six burn and six control subjects are shown in 
Figure 4. There was no significant difference in urine mannitol 
concentration between the control and burn subjects (p=0.44) . Both 
the lactulose concentration and the ratio of lactulose/mannitol 
were significantly different at p>0.01. 

DISCUSSION 

Urine samples from patients with severe burns present an 
analytical challenge to the clinical chemist. Our experience has 
been that many analytical assays that are suitable for measurement 
in urine from normal or sick subjects can not be applied to urine 
from burn patients. We have found the enzymatic method of assay 
for urinary lactulose to be a prime example of this. The method 
outlined by Behrens (6) involves an enzymatic hydrolysis of 
lactulose to fructose and galactose followed by the conversion of 
fructose to glucose-6-phosphate. Lactulose is measured indirectly 
by converting G-6-P to gluconate-6-phosphate and monitoring the 
reduction of NADP as the absorbance at 340 nm. 

Ziegler et al. (1) have measured lactulose and mannitol 
enzymatically in the urine of burn patients in an attempt to 
determine perturbations in intestinal absorption. We have found 
that specimens of urine from patients with severe burns frequently 
contain compounds that interfere with the enzymatic assays used to 
determine lactulose in urine. Filtration of the urine through a 
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Mannitol Fructose 

riGURS i. 
°,f a standard containing 100 nmoles of 

mannitol lactulose, spiked with 100 nmoles of fructose, 
galactulose and glucose. 
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FIGURE 2. Standard curve for mannitol. 
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4. (Left) Amount of mannitol (mg) excreted in the urine of 
six burn patients (mean=566, SEM=205) and six control 
subjects (mean=748, SEM=86) six hours after dosage. 
(Center) Amount of lactulose (mg) excreted in the urine 
of six burn patients (mean=158, SEM=80) and six control 
subjects (mean~15, SEM*5) six hours after dosage. (Right) 
Lactulose/Mannitol ratio of six burn patients (mean=0.53, 
SEM*0.18) and six control subjects imean=4, SEM=s2) . 
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cation exchange column removes these compounds; this is time 
consuming and increases the chance of dilution error. The 
enzÿmatic assay for mannitol requires the synthesis of mannitol 
dehydrogenase, which is not available commercially. 

Fleming et,...al. (7) have described a method using HPLC with 
pulsed amperometnc detection for simultaneously determining 
lactulose and mannitol concentration levels in urine. Unlike gal 
chromatography, HPLC does not require pre- or post-column 
denvatization when used with an anion-exchange column They 

HPL^PAD Zrl~T/0 garliquid "'«‘»"atography, concluding that the 
KPLC PAD method demonstrated better accuracy for lactulose The 

totDossiblera:bUtedit^e problems with the gas-liquid chromatography 
to possible incomplete recovery of the anomers of lactulose P Y 

Laker et al. (8) have described the estimation of 

TheamethodldienS ^ plasma and urine bV gas-liquid chromatography. 
The method invoive3 pre-column crimethylsilyl derivatization ofthe 

Laker^is'thaf " i-hA disadvant^e of the procedure as described by 
Laker is that the anomenc forms of the reducing sugars cause Y 
multiple peaks in the chromatogram. 

for G°aUsr Chromat-^ s°lution described in the Methods Section 
Cataloo lQfi?ri?raP? (pterce Chemical, Handbook and General 

eliminates the Problem of multiple peaks caused by 
the anomenc forms. Mannitol and lactulose are first converted to 
oximes prior to silylation with trimethysilylimidazole The 
resuits demonstrate that the problem with the anomers can be 
corrected when initial conversion to oximes is performed prior to 

araoh^dna’c Fu^thermore' the procedure using gas-liquid chromato- 
d I n°^ recïulre de-salting with ion-exchange resin, a 

necessary step for the HPLC method. ' 

„ . The mean of. 14.816.3 mg/6 hr for the control subjects is in 
g d agreement with the estimate by Behrens et al. (6) of ?1 9 + i 
mg/6 hr usrng 13 control subjects. The i^ts from the burí 
patients support the conclusion by Ziegler et al. m. fhat- 

permeability173 t0 CaUSe increased gastrointelü^il mucosal 

Gas-liquid chromatography appears to be valid method of 
simultaneously determining lactulose and mannitol levels in the 
urine of normal and burn patients. 
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ABSTRACT 

PROJECT NUMBER: 3M161102BS14 RESEARCH 

PROJECT TITLE: Mineral Absorption and Metabolism in a Burned Rat 
Model Using the Everted Gut Sacs Technique 
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PERIOD COVERED IN THIS REPORT: 1 Oct 89 through 30 Sep 90 
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Considering the hypermetabolic state of patients with severe 
burns, it would appear that above normal supplementation of 
essential minerals is warranted. However, little information is 
available to support a rationale for aggressive mineral 
supplementation. The present study used the everted gut sac 
technique to determine the effect of burn injury on zinc absorption 
in a rat model. Although burn injury caused decreased absorption 
on days one and four post i.ijury, absorption reached normal levels 
by day eight. The data are consistent with previous results and 
the hypothesis that during burn injury absorption of zinc is 
unobstructed and that liver zinc stores are increased to insure 
adequate availability for this important trace element. 
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ÏÎSESÎ ^ScS^E^IOTe“01,13“ IN A BDRNED MT M0DEL aSING THE 

INTRODüCTIQM 

h»rn«COnfvderinÆ the hyPermetabolic state of patients with severe 
essential «s a?pear tha} above normal supplementation of 
available m^erals ^ warranted. However, little information is 
available to support the rationale for aggressive mineral 
supplementation. some mix of parenteral and enteral feedina 
modalities is usually needed to meet the increased caloric 
requirements of patients with major burn injuries The aoal i«? 
usuaiiy to taper the parenteral Nutrition as soon as prarticaí 
with oonoomrtant increase in enteral alimentation. There is a 

ahsornt * °f r®searoh c.oncernin9 the effect of burn injury on gut 
absorption of essential minerals. This report describes the 
results of initial experiments involving the use of the everted out 

injury0in1 a“rat°mode 1*! ab30rption durin9 tecovery from a burn 

METHODS AND MATER TAT.?: 

were maintafní?^ righing between 250 and 275 grams 
were maintained in single stainless steel cages and kept on a I2hr 

ad^?fbiÍlghí>,CyCl?‘ RatS W6re fed Purina Chow and deionized water 
ad libitum throughout the experimental period. 

The first experiment was designed to determine the area of 

wMemanesthetizldrPand°n al0?». th® 81,1311 intestine. Four animalf 
TníLí-' th d d aa«ificed by exsanguination. The small 
Fructosp6 ^nS M6í0^ed índ placed in cold buffer (125 mM NaCl, 10 mM 
Fructose, 30 mM Tris, (pH 7.4 at 31°C), 0.5 mM CaCl?, 1 2 mM MgCl) 

excised9 Each seomen?' f°Ur 10 ^ len9ths of sma11 intestine were 
Eu segment was everted by inserting a small crochet 

One end wäl tied 3o«eindath pulling a 8uture through the segment, ena was tied off and the segment everted by pulling the tied 

buffer"^A oiecëaofthe The 3ao wa3 tüled wfth Iml õ? 
A piece of Polyethylene tubing with an inside diameter 

immobilize^with^uture?311^6 needle “â3 “3d ^ tL^acl^d 

flaf^®ithbuffe^contain^rTg'*!0nM^zinc3^!^!)1 and'^O^nci 

3rC fomr 90Tm!nftre1,6nmcYer. flaSk “aa Pla«d in a shah’er "btth set^ï 
. • ., go minutes. Contents of the sac were removed bv asoira- 

volumethrrOUgh ^ plastic tube with a tuberculin syringe ? The 
volume removed was recorded and expelled into a plastic test tube 

td a ^anima counter. The sac was placed on a pre-weighed 
p astic boat and placed in a vacuum drying oven at 78°C for four 
hours to determine dry tissue weight. 
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After it was determined which 10 cm segment gave the maximum 
zinc absorption, eighteen male Sprague—Dawley rats were divided 
equally into burn and sham burn treatment groups. The burn used 
was a 30% total body surface (TBS) full-thickness scald burn 
(100°C, 10 sec). On days 1,4, and 8 postburn, three animals from 
each group were sacrificed ai.d small intestine removed and prepared 
as described above. 

RESULTS AND DISCUSSION 

Figure 1 shows the zinc absorption from the four gut segments 
from the four control, sham burned animals. Maximum absorption 
occurred in the second 10 cm segment. This is in agreement with 
similar studies in rats reported by Kowarski et al. (1). Maximum 
zinc absorption occurs in the upper portion of the small intestine. 

Table 1 shows the zinc absorption (cpm/ml/gr dry tissue) for 
days 1, 4 and 8 postburn. Although burn injury inhibited zinc 
absorption on days one and four postburn, by day 8 absorption was 
comparable to the control animals. 

This is in agreement with our early reports concerning zinc 
metabolism in burned rats (2) . We analyzed the protein bound zinc 
in mucosal intestinal and hepatic cytosol fractions, using gel 
column chromatography. On day 10 postburn there was a dramatic 
increase in zinc bound to the zinc storage protein, 
metallothionein, in liver tissue. However, no increase in zinc 
bound to metallothionein was seen in cytosol preparations from 
mucosal tissue. 

Cousins (3) has proposed a role for intestinal metallothionein 
in the excretion of zinc that is in excess of metabolic 
requirements. Intestinal metallothionein is induced in response to 
zinc loading, binds excess zinc and accumulates in the mucosal 
cells. Subsequently, the zinc bound to metallothionein is lost 
when cells are sloughed into the lumen, thereby increasing fecal 
endogenous zinc excretion. Consistent with this suggested role of 
intestinal metallothionein, it could be hypothesized that the lack 
of an increase in metallothionein binding of zinc in the intestinal 
cytosol of the burned rats would ensure unobstructed zinc 
absorption and decrease obligatory loss of fecal zinc. Our early 
results (2) support this hypothesis in that total endogenous fecal 
zinc excretion for the 10 days postburn did not differ 
significantly between the burned rats and the sham control group. 
The present study showing a return to normal absorption by day 
eight postburn gives further support to the hypothesis. 

Our burned rat model is the first reported instance of a 
differential induction of zinc binding to metallothionein in liver 
and mucosal tissue. Models using excess zinc or cadmium always 
cause increased metallothionein induction in both tissue types. 
Early studies by Pekarek and Evans (4) showed that intraperitoneal 
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injection (IP) of a crude preparation of heat inactivated 
leukocytic endogenous mediator (LEM) in rats caused inrr-M «oh 

TFM0hPtlKn °f Zn~f^ and increased uptake of Zn-65 in liver tissue 
M has been purified and well characterized in the past few years 

hPPn QhnOW *nowt0 be the cytokine, interleukin-1 (IL-1). il-1 has 
and aí^Wrlt0-alter metallothionein gene expression in liver tissue 

êîevated il l'i <5) ' Burn ^3“^ is know to «use 
IL 1 -1^13 in both humans and animals. Hempe et al (6) 

relrâoÎL/Z’ïï'l th?\ intestinal tissue was S^Tetili 
refractory to IL-1 induction of metallothionein. ^ Y 

th« studies using the burn rat model will continue to focus on 
JÍ® ffJcts °,f severe burns on zinc metabolism, adding to the data 
t?on snd eventually leading to a rationale for ¿ptimal supplemen?a- 
tion of trace minerals in burned patients. ««PP^emenra 
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FIGURE 1: Zm-65 absorption from four sham-burn rats using four 10 
cm segments of small intestine. 
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TABLE 1 

Day Post Burn 
(DPM/ml/gr dry tissue) 

4 8 

Control 13353 
9423 

36207 

Mean 19661 
SEM 6818 

15851 16097 
10882 17367 
17194 28491 

14642 20652 
1567 3214 

Burn 5765 9977 17907 
14569 4860 36062 
17209 8890 23678 

Mean 
SEM 

12514 
2825 

7909 
1271 

25882 
4373 

3. 

4. 

Kowarski S, Blair-Stanek C, Schächter D: Active transport of 
zinc and identification of zinc-binding protein in ieiuní 
mucosa. Amar J Phys 226:401-407, 1974 Desuna 

Shippee RL, Mason AD Jr, Burleson DG: The effect of burn 
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c distribution, and T-lymphocyte subset distribution usina 
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ABSTRACT 
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This study is designed to demonstrate selective 
unresponsiveness to skin allografts in a rat model of thermal 
injury using combinations of anti-thymocyte preparations and donor 
specific bone marrow. Using mixed lymphocyte reactions, the time 
course of restoration of responsiveness to third party cells 
following induction of tolerance will be evaluated. 
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INTRODUCTION 

sr«“£ SrÀïHrSr t“:: r«““Â s;s ::.,¾¾¾Jri “£ffiS”s 
£rs"«SrSÂ— 
necessitate^^ermalr artificial .^in substitutes which ultiSa?Iíy 

inconsistent8 itur^Äme^ anïtssociate^^^h 
SSrca^' allograft TÂce“' te°hniqUeS dÍ«Ctad a* 

^í0i5t8cP>°nf 
increases the risk of ?onsPecific immunosuppression, which ™5£iSF^ eV-da“? 

ar^^^tfÍi8n3stated01f0^ Assentiallytinducing 
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thermal injury model is of initial interest. Additionally, the 
time course for restoring immune responsiveness to third party 
cells following induction of tolerance in the burn model may also 
have implications with respect to infectious complications. 
Further, the ability to utilized free/thawed preparations of donor 
bone marrow and skin for inducing immune tolerance has direct 
implications with respect to its potential clinical applications 
and may be investigated in subsequent protocols. 

MATERIALS AND METHODS 

The study will involve two groups. Group 1 will consist of 20 
Lewis rats, which will be subjected to a 30% total body surface 
area burn, and will undergo excision of the burn wound to fascia 
and skin grafting from brown Norway rat donors on the second 
postburn day. Group 2 will also consist of 20 Lewis rats which 
will subjected to a 30% total body surface area burn, and be 
administered anti-thymocyte serum on the first postburn day, 
undergo skin grafting from a brown Norway rat donor on the second 
postburn day, administered anti-thymocyte serum on the second 
postoperative day, and administered the bone marrow preparation 
from the brown Norway rat donor on the sixth postoperative day. The 
wounds of both groups of animals will be examined on postoperative 
day seven, and then daily by tactile and visual inspection for 
rejection of graft. When less than 10% of the graft remains, it 
will be considered total rejection. Each of these two groups will 
undergo mixed lymphocyte reaction surveillance at the time of burn 
injury, at one week following burn injury, and monthly thereafter 
to determine the time course of restoration for the mixed lympho¬ 
cyte reaction. 

RESULTS 

Studies will be initiated during fiscal year 1991. 

DISCUSSION 

It is expected that the use of a combination of anti-thymocyte 
preparations and donor-specific bone marrow will promote long-term 
allograft acceptance in the thermal injury model. Studies will 
commence in fiscal year 1991 and will be presented in the Annual 
Report for FY 91. 

PRESENTATIONS/PUBLICATIONS 

None. 
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and further studies will be performed in an attempt to increase the 
severity of pulmonary injury. 
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animals of comparable gestational age treated with conventional 
positive pressure ventilation and continual positive distending 
airway pressure (2,3). Of interest is the fact that the 
development of hyaline membrane disease was associated with 
increased levels of platelet activating factor-like activity in the 
lung lavage while no increase in PAF was seen in the HFOV treated 
animals. These data, coupled with other experimental evidence, 
have lead to the hypothesis that in the face of surfactant 
deficiency, conventional tidal ventilation leads to epithelial 
injury, mediator release and increased parenchymal injury. Various 
forms of high frequency ventilation have been shown to be 
efficacious in the management of infants and adults with broncho¬ 
pleural fistula or respiratory failure unresponsive to conventional 
respiratory therapy. In some studies, HFOV has been efficacious in 
the management of infants with diffuse alveolar disease although 
other studies have shown no dramatic improvement (4) . High 
frequency jet ventilation has not been shown to be of benefit in 
the maaagement of adults with ARDS. Common to the success of high 
frequency ventilatory therapy in diffuse alveolar disease has been 
the use of a high mean airway pressure. Conversely, those studies 
in infants and adults where high frequency ventilation has not been 
shown to be effective tended to use lower mean airway pressures 
than the conventional ventilatory support (5,6). HFOV will allow 
one to maintain high mean airway pressures while avoiding high peak 
pressures as compared to conventional ventilation. 

Until recently, it has not been possible to use HFOV in large 
animals or adult humans. This was because the efficiency of 
available oscillators was insufficient to deliver an adequate tidal 
volume for adult applications. Development of two new forms of 
high frequency oscillatory ventilation have made it possible now to 
study whether the dramatic results obtained in infant models of 
lung disease can be replicated in adult models. One ventilator is 
a pure high frequency oscillator. The other is a mixed model HFO 
ventilator. It allows one to combine HFO with conventional 
ventilation which may be more advantageous in heterogenous lung 
disease. 

METHODS 

a. Experimental Design: Twenty baboons will be randomized to 
one of four groups: 

(1) Control - no injury, no ventilator, lung lavage only. 

(2) Positive pressure conventional ventilation. 

(3) Southwest Research high frequency oscillatory 
ventilation. 

(4) Percussionnaire Corporation high frequency ventilation. 
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\T*M ^1116 0, animals wil1 be sedated with Ketamine and 
Valium and a peripheral arterial catheter and Swan-Ganz catheter 
inserted under local anesthesia. These will be connected to a 
multi-channel recorder for continual recording of pressures and 

Baseiine cardiac output will be determined by 
thermodilution and arterial and venous ga^es obtained. Blood will 

D«i«,draWn for CBC' platelet counts and routine chemistries. 
Bulmonary function tests will be performed. The right lower lobe 
will then be instrumented using a flexible bronchoscope and lavaged 

TsÜrro"?! iaitqUOïS 0f physioiogic saline. The recovered 
a a?e fluid will then be combined and an aliquot removed for cell 

count with the remainder centrifuged and the supernatant decanted. 
Differential count will be performed on the cell plug The 
supernatant will be frozen at -70°C for later assay for protein, 
surfactant, beta-1 anti-protease, elastase, lipid mediators, and 

After completion of the baseline studies, the 
animal will be allowed to recover for one hour. Sedation will be 
maintained with Ketamine and Valium. 

a ref?eat arterial blood gas, the animal will then be 
a six-unit smoke injury using the techniques previously 

validated at this Institute. * 

^1na.animalS Wil;L remain intubated post exposure and treated 
10°n ?xygen fo.r one hour to reduce the carboxyhemoglobin 

level. Carbon monoxide levels will be measured immediately prior 
to smoke exposure, immediately following smoke exposure, q30 

•fhou53' and q4 hours for 24 hours. Levels will then 
be obtained daily for the remainder of the experiment. 

/, intravenous fluids will be administered at a rate of 80 
cc/kg/day and will consist of D5 1/2 normal saline with 20 mEq of 
KCl/L. Arterial lines will be infused with normal saline with 1 

ïnH he-PariS aodlun}/cc at 2 cc/hr. Changes in fluid composition 
and rate of infusion will be based upon hemodynamic data and 
electrolyte determinations. 

Animals will be paralyzed with pancuronium after placement on 
the ventilator and then sedated with Valium. If Valium sedation is 
inadequate additional sedation will be accomplished by the use of 
sodium pentobarbital. 

., f.1.1 animals will be intubated with a high-low endotracheal 
aHowing proximal airway and distal airway pressure monitoring 
a Valine Pressure transducer. Blood pressure, pulmonary 

artery pressure, heart rate, and airway pressures will be recorded 
continuously. 

Arteria! and venous blood gases will be obtained hourly until 
the animal is stable, and then every 4-6 hours. Electrolytes, BUN, 
creatinine, CBC and platelet counts will be obtained every 12 
hours. Chest radiographs will be obtained daily. Pulmonary 
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function tests will be performed at 0 hours, 24 hours, 72 hours, 
and 130 hours following injury. 

Bronchoalveolar lavage will be performed immediately following 
pulmonary function testing at each time point. Alveolar lavage 
fluid will be processed as previously mentioned. 

Animals will be turned from side-to-side q4 hours. Tracheal 
toilet will be performed every 4 hours and as clinically indicated. 
All animals will receive Gentamicin 2.5 mg/kg q8 hours throughout 
the experiment. 

The animals will be placed on the appropriate ventilator when 
the Pa02 between 80 and 100 torr. Ventilator adjustments will be 
made in response to blood gas determination. PC02 will be 
maintained between 35 and 45 torr by adjustment of tidal volume and 
frequency. PEEP will be maintained at 5 cm in water unless the 
animal requires an FI02 greater than .6 in order to maintain a Pa02 
in the protocol range. In that case, PEEP will be increased to 
increase mean airway pressures. 

High frequency oscillatory ventilation will be accomplished 
using the two different high frequency oscillatory ventilators. 
Initial frequency will be set at 10 hertz with oscillatory 
amplitude sufficient to obtain adequate chest wall motion. Mean 
airway pressure will be adjusted to maintain the Pa02 between 80 
and 100 torr. FI02 following one hour of 100% will be set at 0.21. 
Oxygenation will be optimized by adjustment of mean airway pressure 
and FI02. Ventilation will be optimized by adjustment of the 
oscillatory amplitude. If C02 clearance is inadequate on the max¬ 
mode HFO, then conventional tidal breaths will be superimposed upon 
the high frequency oscillators. If there is a question for either 
HFO ventilator about the adequacy of the mean airway pressure then 
the animal will be manually sighed and pre and post sigh arterial 
blood gases obtained. If the sigh results in an increase of 10 
torr or greater in arterial P02 then the mean airway pressure will 
be adjusted upwards in increments of 2 cm H20. 

Lung V/Q distribution will be measured prior to injury and 
then daily, utilizing the multiple inert gas elimination technique 
previously used at this Institute. Briefly, the animal's IV 
solution will be switched to a Ringer's lactate solution containing 
six inert gases (sulphur hexafluoride, euthane, cyclopropane, 
halothane, ether, and acetone) which will be infused at the rate of 
0.1 ml/kg/min. After 30 minutes, arterial and mixed venous blood 
will be drawn anaerobically into preweighed heparinized syringes 
simultaneously. Mixed expired gas will be obtained from a 
temperature-controlled copper coil one minute after obtaining the 
blood samples. Blood and expired gas samples will be analyzed 
immediately. Repeat cardiopulmonary parameters will then be 
measured. MIGET data will be stored and quantified by a software 
program on the VAX computer system. 
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Ai- WÍ1Ííf suPPcrteci for 130 hours following injury. 
d conclusion of the experiment, or sooner if the opinion of 

the Primary Investigator is that an animal is in irreversible 

Sverdosplmn°fnaíy ^a.llur®' a11 animals will be euthanized with an 
h f barblturates- Necropsy will be performed in the 

standard manner on all animals. Sections of all organs will be 
obtained and fixed for light and possible electron microscopy The 
ieft iower lobe will be inflated to 20 cm of water and fixedbv the 

b^examinpd1 /nSt;Ll^tÍOn °f Carn°y's solution. The trachea^ill 
for. evidence of gross lesions. A ligature will be 

placed at the site of the tip of the endotracheal tube prior to 

n?6 tr,aChea Wil1 be fixed in its entirety, sectîoneS 
lobls wiîîab^y™n eíamiíe?- A section of each of the remaining 
-80°C 11 b removed and frozen in liquid nitrogen and stored at 

b. Data Analysis Plan: Blood gas, blood pressure, airwav 

010^656^3^1161110¾113^ data Wil1 be averaged over intervals and 
piotted at the midpoint of each interval. Physiologic and 

b.looh;",ical data »Hl then be analyze/among9 groups 
using analysis of variance for repeated measures. Data will also 
be compared at specific time points using analysis of variant 
Outcome data will be analyzed using Chi square or the Fisher exact 

Wallis statistic10 WÍ11 b® anall'zed u3in9 the Kruskall- 

KCaUliTS 

The protocol was approved during this fiscal year bv the 
animal use review office of the Office of the Surgeon General 

ÂnbÜÜ?'1^ r° tbîï approval, the Foundation for Biomedical Research 
Animal Use Committee also approved the protocol. The first animals 
are to be studied during the first quarter of FY 1991 animals 

DISCUSSION 

None. 

PRESENTATIONS/PUBLICATTONS 

None. 

1. 

2. 
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UNITED STATES ARMY INSTITUTE OP SURGICAL RESEARCH 
PORT SAM HOUSTON 

SAN ANTONIO, TEXAS 78234-5012 

PRESENTATIONS 

careDUnC Present-pHUr2í-tlÍ-\Uina:tJ iríitial management and standards of 
care. Presented at the Baptist Memorial Hospital School of 
Nursing, San Antonio, Texas, 2 October 1989. 

4-D>!LnCîn DJ: Initial. management of the burn victim. Presented 
4 Octobermi989nCy NurSing Conf®rence, Fort Sam Houston, Texas, 

Pruitt HA Jr: Status of the American Trauma Societv 
at the 49th Annual Meeting of the American Association 

for the Surgery of Trauma, Chicago, Illinois, 5 October 1989. 

Pruitt BA Jr: Review of the Ufa, Russia train/fire disaster 

forS?E«es„™the ,4lth Meetin9 o* the American Association 
for the Surgery of Trauma, Chicago, Illinois, 6 October 1989. 

Firet0sramvD:weekreVK2nSn t- ‘’“J" in3uries- Presented as part of 
8 October l989 V r F°rCe BaSe' San ^tonio, Texas, 

Moltar HC: Needs of families of critically ill oatients 

1989ented at St' Eli2abeth Hospital, Beaumont Texas, 11 October 

PresentedA!t“tho and infection in burned patients. 
nfÜfüÎT w the A"1111®1 Meeting of the Society for Leukocvte 
Biology, Marco Island, Florida, 12 October 1989. y 

ron • Primary and secondary humoral response to sheep 
the bSocipCteJ"1Sf111 aTrat mode1. Presented at the Annual Meeting of 

Ï2 Octoär 1989 L6UkOCyte Biolo9y' Maro° Florida, 

» Medical care in the Soviet Union. Presented at th* 

San Antonio, Texas, 16 October 1989. ' 

Duncan DJ: Standards of care for the large burn victim in the 
center^f^v? P5a®®’ Presented at the Wilford Hall USAF Medical 
Center, Lackland Air Force Base, Texas, 16 October 1989 
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Chapman T: Initial management of burn victims in the theater 
of operation, Bergstrom Air Force Base, Texas, 24 October 1989. 

Burgass M: Developing clinical expertise. Presented at the 
Drusilla Poole Nursing Education and Staff Development Conference, 
San Antonio, Texas, 25 October 1939. 

Duncan D: Developing clinical expertise. Presented at the 
Drusilla Poole Nursing Education and Staff Development Conference, 
San Antonio, Texas, 25 October 1989. 

Moltar N: Developing clinical expertise. Presented at the 
Drusilla Poole Nursing Education and Staff Development Conference, 
San Antonio, Texas, 25 October 1989. 

DaPaw CL: Toxic epidermal necrolysis syndrome. Presented at 
the AACN Spotlights on Critical Care Conference, San Antonio, 
Texas, 26 October 1989. 

Okarbarg CV: Mammary gland and integument system of laboratory 
animals. Presented at the International Life Sciences Institute 
Histopathology Seminary, Baltimore, Maryland, 29 October 1989. 

Kim SH: Viral infection in severely burned patients: a review 
of seven years (1981-1987). Presented at the ASCP/CAP Fall Meeting 
and Exhibit, Washington, DC, 28 October 1989. 

Kaanan J: Initial management of burn victims in the theater of 
operation. Presented as part of the United States Air Force 
Battlefield Nursing Course, Brooks Air Force Base, San Antonio, 
Texas, 31 October 1989. 

Duncan DJ: Emergency treatment of thermal and chemical burns. 
Presented at the Pfizer Safety and Health Conference, San Antonio, 
Texas, 2 November 1989. 

Burgass M: Initial management of the burn victim. Presented 
at the New Rochelle, New Rochelle, New York, 2 November 1989. 

Burgoss M: Initial management of the burn victim. Presented 
at Pace University, Pleasantville, New York, 3 November 1989. 

Pruitt BA Jr: Fluid resuscitation following injury. Presented 
to the Department of Surgery, University of South Florida College 
of Medicine, Tampa, Florida, 3 November 1989. 

Pruitt BA Jr: Diagnosis and treatment of opportunistic 
infections in injured man. Presented to the Department of Surgery, 
University of South Florida College of Medicine, Tampa, Florida, 
4 November 1989. 
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Kim SH: Pitfalls in the evaluation of burn wound bioosies 
at 83rd Annual Scientific Assembly of the Southern 

Medical Association, Washington, DC, 5 November 1989. 

Duncan DJ: Initial management of the burn victim PresenfpH 
at the Wilford Hall USAF Medical Center, Lackland Mr'Force Base 
San Antonio, Texas, 7 November 1989. ' 

resu?cîtàtivf:nh^ndar»dS 0f .Ca5e for the lar9® burn victim in the 
Pbas,e' Presented at the Wilford Hall USAF Medical 

Center, Lackland Air Force Base, San Antonio, Texas, 7 November 

oatientíf¿itl^nh,ÍU.HÍ9^requenCy Percussive ventilation in 
at the ¿ Jl lnhalatlon injury. Presented to the VDR User's Forum 

.the 2l3t Annual Dr. Douglas Davis Pulmonary Symoosium 
Louisville, Kentucky, 9 November 1989. Y y P Um' 

:u Septfc shock- Presented at the Critical Minutes 
Symposium, Oklahoma City, Oklahoma, 9 November 1989. 

ce- 4.PrU*tt ^ Jr: Clinical and research activities of the United 

2Ï Rlvié™yiJnÑoÍember°f989r9ÍCal Research- Presented at the Lab 

Stat^m5L¿ri?í^lb?-ebcaLar“; ALr^:roefd He3a?tahrtSc°ife“:s?1^ 
Sam Houston, San Antonio, Texas, 22 November 1989. 

i-?*CÍÍf.WK: Medical experience in the Soviet Union. Presented 
21 NovemberCei989C1Ub' Randolph Air For°e Base, San Antonio, Texas, 

rmi and electrolytes. Presented as part of the 
United States Army Critical Care Course, Academy Pof Health 
Sciences, Fort Sam Houston, San Antonio, Texas, 22 November 1989. 

™: Families and crisis. Presented as part of the 
United States Army Critical Care Course, Academy? of Health 
ciences. Fort Sam Houston, San Antonio, Texas, 30 November 1989. 

Pruitt BA Jr: Early burn wound excision and closure 
resented at the 14th Annual Meeting of the International Society 

of Burn Injuries, Denver, Colorado, 1 December 1989. Y 
i yn-uPfUÍtt-, ^ Jr.: infections in burn patients. Presented at the 
14th Annual Meeting of the International Society of Burn Injuries 
Denver, Colorado, 1 December 1989. J-njuries, 

man Diagnosis and treatment of infection in injured 
Presented at the University of Colorado Health Sciences 

Center, Denver, Colorado, 2 December 1989. 
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Pruitt BA Jr: Inhalation injury. Presented at the 14th Annual 
Meeting of the International Society of Burn Injuries, Denver, 
Colorado, 2 December 1989. 

Pruitt BA Jr: Unsolved problems in burn care. Presented at 
the 14th Annual Meeting of the International Society of Burn 
Injuries, Denver, Colorado, 2 December 1989. 

Summers TM: Stress management. Presented as part of the 
United States Army Critical Care Course, Academy of Health 
Sciences, Fort Sam Houston, San Antonio, Texas, 6 December 1989. 

McManus WF: Elderly, high risk burn patients. Presented at 
the Comprehensive Care of the Burn Patient Conference, Kansas City, 
Missouri, 8 December 1989. 

DaPaw CL: Pacemakers. Presented as part of the United States 
Army Critical Care Course, Academy of Health Sciences, Fort Sam 
Houston, San Antonio, Texas, 8 December 1989. 

Pruitt BA Jr: Management of the pregnant burn patient. 
Presented as part of the Ninth Annual Comprehensive Care of the 
Burn Patient Course, Kansas City, Missouri, 8 December 1989. 

Salzar R: Initial management of burn victims in the theater of 
operation. Presented as part of the United States Air Force 
Battlefield Nursing Course, Brooks Air Force Base, San Antonio, 
Texas, 12 December 1989. 

Bmckmr NK: USSK train disaster intervention. Presented at the 
Seventh Users' Stress Workshop on Training for Psychic Trauma, San 
Antonio, Texas, 14 December 1989. 

Duncan DJ: Initial management of burn victims. Presented as 
part of the Critical Care Course, Academy of Health Sciences, Fort 
Sam Houston, San Antonio, Texas, 11 January 1990. 

Pruitt BA Jr: Progress and problems in burn care. Presented 
to the San Antonio Surgical Society, San Antonio, Texas, 16 January 
1990. 

Pruitt BA Jr: The pathophysiology of burn injury. Presented 
to the TSI/DNA Combined Injured Core Group, Orlando, Florida, 
17 January 1990. 

Keenan J: Compassion knows no boundaries: USSR burn mission. 
Presented to the South Central Emergency Management Association, 
San Antonio, Texas, 19 January 1990. 
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a»d function after tÄ^nYu^^f^LentJd arthheCÏCoenfPhen0tyPe 
the Immunocompromised Surgical Patien? Mooh/ Conference on 
Trauma and Buins, Snowbir^^utah ^ january ™ a"d in 

miasióm^Presented^t^h^Smii-h110“^ t"“ boundarie3: USSR burn 
Antonio, Texas! 25 January S1O99t0hWeSt TeX3S Methodist Hospital, San 

Antonior'lexas^^S^^aiiu^^! ^9^' Science1 Cent er ,ensan 

if Sdates Ürmyinstitute 
Februa^r 1990. ' t S Houston, San Antonio, Texas, 5 

OT/P^g^ént^TBuWrnUsndComuarnsTmuníted 35 part °f the Surgical Research FnrV^m !' Uni;ted States Army Institute of 
1990. Kesearch' Fort Sam Houston, San Antonio, Texas, 5 February 

onhalati0.n in3ury. Presented as part of the 

Army Institute of^Surgical0 Research6363?Ch a\ United States 

6 February Í990 m Houston' San Antonio, Texas, 

SSSs: lS~ 

ÍS=ÉSpÂ~3H£:S,S; 
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Matta CB: Initial management of burn injuries in the theater 
of operation. Presented as part of the United States Air Force 
Battlefield Nursing Course, Brooks Air Force Base, San Antonio, 
Texas, 13 February 1990. 

Pruitt BA Jr: Burns complicated by pregnancy and mechanical 
injury. Presented as part of the OT/PT Management of Burns Course, 
Fort Sam Houston, San Antonio, Texas, 15 February 1990. 

McManus WF: Burn mass casualty care in Ufa, USSR. Presented 
to the International Society of Burns, Maui, Hawaii, 18 February 
1990. 

Backer WK: American military response to the Ufa train 
disaster. Presented at the Conference on Catastrophic Medicine, 
Ufa, USSR, 22 February 1990. 

McManus AT: Microbiologie observations made by the laboratory 
component of the American burn team sent to aid victims of the 
Baskarian burn disaster. Presented at the Congress on Catastrophic 
Medicine, Ufa, Russia, 22 February 1990. 

Cioffi WG Jr: The use of surfactant replacement in ARDS and 
smoke inhalation. Presented at the United States Army Institute of 
Surgical Research, 7 March 1990. 

Duncan DJ: Initial management of burn victims in the theater 
of operation. Tri-Service Emergency Medical Conference, San 
Antonio, Texas, 7 March 1990. 

Chapman T: Burns/hazardous materials. Presented as part of 
the Emergency Medical Technician Course, Fort Sam Houston, San 
Antonio, Texas, 8 March 1990. 

Kaanan J: Compassion knows no boundaries: USSR burn mission. 
Presented at the FORESCOM Conference, Atlanta, Georgia, 9 March 
1990. 

Pruitt BA Jr: Shock and fluid resuscitation. Presented as 
part of the Advanced Burn Life Support Provider Course, Los 
Angeles, California, 14 March 1990. 

Becker WK: Mass casualty experience in the Soviet Union. 
Presented to the Committee on Trauma at the 68th Annual Meeting of 
the American College of Surgeons, Washington, DC, 15 March 1990. 

Burleson DG: IL2-receptor expression by stimulated lymphocytes 
from burned patients. Presented at the 14th International Meeting 
of the Society for Analytical Cytology, Ashville, North Carolina, 
18 March 1990. 
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M°lt«r NC: United States Army Institute of Surgical Research 

Sciences Fort^am0« ^ Education Tour' Academy of Health 
sciences, Fort Sam Houston, San Antonio, Texas, 26 March 1990. 

Pruitt BA Jr: Shock and Fluid resuscitation. Presented as 

Neïadaf 26°^ SUPP°rt PrOVÍder Cour3e- Vegas, 

. , Epidemiology, pathophysiology, and 

Meeting of the fam=e”lcalnln3ury' Presented at the 22nd Annual 
27 ^¡«h 1990 eriCan Burn Aeeooiation, Las Vegas, Nevada, 

Naymack JP: Effect of prostaglandin E (PGE) on resistance to 
sepsis Presented at the 22nd Annual Meeting of the ^ictn Burn 
Association, Las Vegas, Nevada, 28 March 1990. 

necrõ?C*fao?or f™í,Ct °! Pf°s.ta9landin E (PGE) on endotoxin/tumor 
Meeting Of íhí (.™F). m®tabolism. Presented at the 22nd Annual 
28*March 1990 "n*110311 Burn Association, Las Vegas, Nevada, 

o« cioííi WG Jr: Advanced burn life support Presi»nt-*rt at- 

thS toeriCa" BurnPAssociation^"Las Vegas? 

Presented1 ^ "t'he 

Association, Las Vegas, Nevada, 29 March 1990. 

22nrtBïîîCaîrM™V • Perioperative enteral feedings. Presented at the 

Nev?d^ 2t „areceh in9990O * AmeriCan BUrn ASSOOiatio”' Las Vegas, 

a pa?*11*?1 H:- 5he effect of platelet-activating factor (PAF) and 
a PAF antagonist (CV-3988) on smoke inhalation injury using an 

Meeting oef the^01®91^« Change' Presented at the 22nd Annual 
30 Maî?h 1990 Burn Association, Las Vegas, Nevada, 

Mnr+h^ÎÎÜ* AT: A survey of blood culture data collected from 49 
22nH units with 8642 admissions. Presented at the 

Nevada 3? March r9990Of ^ Burn Association, Las Vegas, 

Driscoll DM: Compassion knows 
mission. Presented at the San Antonio 
30 March 1990. 

no boundaries: USSR burn 
College, San Antonio, Texas, 
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Shipper RL: Quality control of automated clinical chemistry 
data using general purpose commercial software. Presented to the 
Society of Armed Forces Military Laboratory Scientists, March 1989. 

Shippae RL: Effect of zinc nutriture on postburn anamnestic 
response. Presented at the 74th Annual Meeting of the Federation 
of American Societies for Experimental Biology, Washington, DC, 1-4 

April 1990. 

Driscoll DM: Compassion knows no boundaries: USSR burn 
mission. Presented at the Brooke Army Medical Center, Fort Sam 
Houston, San Antonio, Texas, 2 April 1990. 

Keenan J: Compassion knows no boundaries: USSR burn mission. 
Presented at the Brooke Army Medical Center, Fort Sam Houston, San 
Antonio, Texas, 2 April 1990. 

Pruitt BA Jr: Clinical and laboratory studies of inhalation 
injury. Presented at the 1990 Gary P. Wratten Surgical Symposium, 
Walter Reed Army Medical Center, Washington, DC, 4 April 1990. 

Duncan DJ: Emergency management of the burn trauma victim. 
Presented at the Texas Nursing in 1990s Symposium, Texas State 
Emergency Nurses Association Convention, San Antonio, Texas, 
5 April 1990. 

McManus WF: Aeromedical transport of severely burned patients. 
Presented at the United States Air Force School of Aerospace 
Medicine, Brooks Air Force Base, San Antonio, Texas, 6 April 1990. 

Natta CB: Initial management of burn victims in the theater of 
operation. Presented as part of the United States Air Force 
Battlefield Nursing Course, Brooks Air Force Base, San Antonio, 
Texas, 6 April 1990. 

McManus AT: Silver compounds in serious burns. Presented at 
the 2nd International Conference on Gold and Silver in Medicine, 
Manchester, United Kingdom, 10 April 1990. 

Backer WK: Hemorrhage and resuscitation. Presented to the 
Southern Society of Clinical Surgeons, San Antonio, Texas, 11 April 

1990. 

Cioffi WG Jr: High-frequency ventilation for inhalation 
injury: clinical and laboratory studies. Presented to the 
Southern Society of Clinical Surgeons, San Antonio, Texas, 11 April 

1990. 

Buescher TM: Antithrombin III in burn patients. Presented to 
the Southern Society of Clinical Surgeons, San Antonio, Texas, 
11 April 1990. 
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the Southern^Soci^t^o^^Unical^uraeo0 excjsion- Presented to 
11 April 1990. Y al Surgeons, San Antonio, Texas, 

Southern^Society o^°ScaTt^ Presented to the 
1990. Surgeons, San Antonio, Texas, 11 April 

response*^© '’infection1'and* seosis1“0" pC a°id n'etabo:lit®s the 
Society of Clinical Surgeons, ^ Anton”3^,"n 

the Acute^urn Tr^f1 Me"©!fnoThefhan" injur,ie3' ^««"ted at 
institute of Surgical Reseat nn™ ÇhaHenge - United States Army 
24 April 1990. ymposium, San Antonio, Texas, 

substitutes' ™resentedWOaUtdtherAc ftoPioal3' elision, and skin 
Challenge - United líales Arml ln^ïïï6. '"î/raVma: Ma®ting the 
Symposium, San Antonio, Texas! 24 April* mo 91°al Research Bur" 

AcutrBÍ™*rT™uma.tonS!nng0theChaÍÍÍLbUrnS;, Preaantab ab the 
Institute of Surgical Research Rum allen9e United States Army 
24 April 1990. yroposium, San Antonio, Texas, 

ãisü “rÄr-Äv-ÄÄ;:; 
Antonio, Texas, 24 April 1990.9 Research Burn Symposium, San 

Burn^Trauraa: ’’Meetl.n^the'^Challenae^'n ' • r P/îaentSd at tha At“te 
of Surgical ReTearch Burn mi. 9 ‘ »nited States Army Institute 
1990. Research Burn Symposium, San Antonio, Texas, 24 April 

Presented at the Acute^ur^TVinm/^M pathophysiology of burns. 
States Army Institute 1« SuroicVl “aetln9 the Challenge - United 
Antonio, Texas, 24 April 1990.9 Research Burn Symposium, San 
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Rue LW 3d: Management of electrical injury. Presented at the 
Acute Burn Trauma: Meeting the Challenge - United States Army 
Institute of Surgical Research Burn Symposium, San Antonio, Texas, 
24 April 1990. 

Waymack JP: Diagnosis and treatment of burn wounds infections. 
Presented at the Acute Burn Trauma: Meeting the Challenge - United 
States Army Institute of Surgical Research Burn Symposium, San 
Antonio, Texas, 24 April 1990. 

DaPaw CL: Standards of nursing care for the burn patient in 
the resuscitative phase. Presented at the Acute Burn Trauma: 
Meeting the Challenge - United States Army Institute of Surgical 
Research Burn Symposium, San Antonio, Texas, 25 April 1990. 

Bardan N: Physical and occupational therapy ioles in burn 
care. Presented at the Acute Burn Trauma: Meeting the 
Challenge - United States Army Institute of Surgical Research Burn 
Symposium, San Antonio, Texas, 25 April 1990. 

Bollan E: Infection control in the burn unit. Presented at 
the Acute Burn Trauma: Meeting the Challenge - United States Army 
Institute of Surgical Research Burn Symposium, San Antonio, Texas, 
25 April 1990. 

Milnar EA: Nutritional considerations following burn injuries. 
Presented at the Acute Burn Trauma: Meeting the Challenge - United 
States Army Institute of Surgical Research Burn Symposium, San 
Antonio, Texas, 25 April 1990. 

Moltar NC: Pain management. Presented at the Acute Burn 
Trauma: Meeting the Challenge - United States Army Institute of 
Surgical Research Burn Symposium, San Antonio, Texas, 25 April 
1990. 

Rua LW 3d: Management of inhalation injury. Presented at the 
Acute Burn Trauma: Meeting the Challenge - United States Army 
Institute of Surgical Research Burn Symposium, San Antonio, Texas, 
25 April 1990. 

Sunmars TM: Psychosocial aspects of burn care. Presented at 
the Acute Burn Trauma: Meeting the Challenge - United States Army 
Institute of Surgical Research Burn Symposium, San Antonio, Texas, 
25 April 1990. 

Pruitt BA Jr: Infection problems of burn patients. Presented 
at the Second Scandinavian Burn Conference, Bergen, Norway, 
26 April 1990. 

Pruitt BA Jr: Burns in the high risk patient. Presented at 
the Second Scandinavian Burn Conference, Bergen, Norway, 27 April 
1990. 
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.- T: Initial management of burn victims in the theater 
of operation. Presented at the Field Nursing Symposium DarnaL 
Amy Community Hospital, Fort Hood, Killen, Texas, 27 April 19m! 

???*!?“• T: management of the burn victim. Presented 

Wisconsin?"SQ6April WiSOOnsin Sch001 «-ing, Madison"? 

at University1 Hospital? SaSÍ^r^isconsIn?"!^0?^. PreSe"ted 

*<- Init1ial management of the burn victim. Presented 
ie General Hospital, Marshfield, Wisconsin, 1 May 1990. 

i-« Diester burn care: recent experiences. Presented 
to the United States Section of the International rniiorro 
Surgeons, San Antonio, Texas, 4 May 1990. ^ 

Bues cher TM: Wound coverage. Presented to the United <?tai-0Q 

?:xCas?V4th1990InternatiOnal COllege °f SUrge°ns' Sanéenlo! 

<í0o+.?í?ff eInhalation injury. Presented to the United States 

?:xas?"4O„aythie990InternatiOnal COllege °f S“^eons, SantnSnïo! 

McManus WF: Burn wound excision. Presented to the United 

Into®- Se.CtÍOn °f the International College of Surgeons San Antonio, Texas, 4 May 1990. y surgeons, ban 

1-0 JS? Metabolic support of the burn patients. Presented 
to the tilted States Section of the International Colleoe of 
Surgeons, San Antonio, Texas, 4 May 1990. ^ 

burn!rUipms^nted trea^m®nt of patients with extensive 
renîf^. ® e d ^ th® Sur9lcal Grand Rounds, Mt. Sinai Medical Center, Miami Beach, Florida, 4 May 1990. weaicai 

Waymack JP: Postburn immunologic changes Presented i-o i->,Q “Sî.“S","ï£ri,;.“ ---- s: 
or burgeons, San Antonio, Texas, 5 Mav 1990. y 

fo Initial care and fluid ^suscitation. Presented 
to the United States Section of the International fniiorrú «-p 
Surgeons, San Antonio, Texas, 5 May 1990. ^ 
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Pruitt BA Jr: Antimicrobial therapy and wound monitoring. 
Presented to the United States Section of the International College 
of Surgeons, San Antonio, Texas, 6 May 1990. 

Becker WK: Disaster burn care. Presented as part of the AMEDD 
Officers' Advanced Course, Fort Sam Houston, San Antonio, Texas, 

11 May 1990. 

Buescher TM: Disaster burn care. Presented as part of the 
AMEDD Officers' Advanced Course, Academy of Health Sciences, For 
Sam Houston, San Antonio, Texas, 11 May 1990. 

Cioffi WG Jr: Inhalation injury in burn patients. Presented 
as oart of the AMEDD Officers' Advanced Course, Academy of Health 
Sciences? Fort Sam Houston, San Antonio, Texas, 11 May 1990. 

McManus MF: Emergency care and resuscitation of burn patients. 
Presented as part of the AMEDD Officers' Advanced Course, Academy 
of Health Sciences, Fort Sam Houston, San Antonio, Texas, 11 May 

1990. 

Rua LW 3d: Burn patient transfer. Presented as part of the 
AMEDD Officers' Advanced Course, Academy of Health Sciences, Fort 
Sam Houston, San Antonio, Texas, 11 May 1990. 

McManus AT: Klebsiella pneumoniae in burned patients: 
relationship of colonization and infection to severity of injury. 
Presented at the 1990 Annual Meeting of the American Society of 
Microbiologists, Anaheim, California, 14 May 1990. 

Chu CS: lontophoretic treatment of Proteus-mirabilis burn 
wound sepsis using silver nylon dressings. Presented at the 90th 
Annual Meeting of the American Society for Microbiology, Anaheim, 

California, 14 May 1990. 

Keenan J: Compassion knows no boundaries. USSR burn mission. 
Presented as part of the AMEDD Officers' Advanced Course, Academy 
of Health Sciences, Fort Sam Houston, San Antonio, Texas, 16 May 

1990. 

McManus WF: Advances in burn 
Department of Surgery, Staten Island 
Island, New York, 17 May 1990. 

care Presented to the 
University Hospital, Staten 
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