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FOREWORD 

The three princes of Serendip would not be surprised at al I by the 
importance of accidental discovery in clinical research. To effect productive 
research, however-, serendipity must occur in the presence of both a prepared 
mind and a prepared pocketbook. Clinical experience and continuous 
patient care responsibility insures so far as is possi,ble, a prepared mind 
in our investigative staff. With regard to a prepared pocketbook, systematic 
budgetary planning, essential for continuity of operation and long- term 
research evolution, unfortunately ignores the importance bf capturing 
the enthusiasm of an investigator with a frest:i idea which may eroae with 
time, take second place to other ideas, or be totally lost with the departure 
of the individual scientist. The I UR program, however, has provided 
the seed money and funding flexibi lily to exploit such scientific leads and 
is of increasing importance to clinical research at this time of diminishing 
operating funds . 

The success of such opportunistic research is illustrated by the 
pulmonary studies, metabolic studies, gastroenterology studies, and studies 
of physiologic dressings described in this report, all of which were initiated 
in this manner. Each of these fields of investigation has relevance not 
only to burn patients but to all severely injured patients. Moreover, each 
represents expansion and diversification of the professional capabilit ies 
of our staff which have been translated into improved patient care, the 
goal of clinical research. 

Since the Medical Corps can not compete financially for physicians 
with the academic community, let alone private practice, flexible funding 
resources such as are available under the ILIR pro~ram will hopefully be 
increased to counteract that limitation and to maintain the attractiveness 
of our investigative milieu. Furthermore, the lapse of the physician draft 
necessitates other means of recruiting enthusiastic highly competent scientists. 
It is suggested that consideration be given to the ~stablishment of surgical 
research fellowships to ~nsure recruitment of investigators with prepared 
minds and thereby the viability of our research program. 
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Colonel MC 
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Glenn D. Warden, MD, Major, MC 
Gary W. Welch, MD, Major, MC 
Douglas W. Wilmore, MD, Major, MC 
Madeline L. Bluemle, Lieutenant Colonel, ANC 
Betty G. McGranahan, Lieutenant Colonel, ANC 
Wilma F. Hall, Lieutenant Colonel, AMSC 
Steven D. Loveless, Captain, AMSC 
John C. Reardon, Capt~in, AMSC 
Bas i 1 A. Pru i tt , Jr. , MD , Co 1 one 1 , MC 

Reports Control Symbol MEDDH-288(Rl) 

Three hundred patients with thermal injury were admitted to the 
Clinical Division of the United States Army Institute of Surgical 
Research during calendar year 1972. Emphasis has continued to be placed 
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on providing optimal clir.1cal care to military personnel with major thermal 
injury. In addition, clinical investigation has continued into the 
physiological, biochemical and bacteriological aspects of thermal injury. 
The personnel of this institute have also participated in llli1ny education
al programs both military and civilian. This report surm,arizes the 
activities of the Clinical Division of the U.S. Army Institute of 
Surgical Research in 1972 and cites the recognizable complications which 
contributed to mortality in burn patients. 

Clinical evaluation of the metabolic requirements of thermally 
injured soldiers, ketamine analgesia for limited debridement, effective
ness of lntralipid as a caloric source, the use of Sulfamylon-Mycostatin 
cream, 5% aqueous Sulfamylon dressings, the use of human growth hormone 
to promote nitrogen sparing, serial measurement of pulmonary function, 
the lllclnf~,ment of upper extremity postburn edema, contin ed evaluation 
of the Xenon scan for the detection of inhalation injury, and the 
serial measurement of alterations in the coagulation mechanism were 
specific areas of clinical study. 

In 1972 aeromedical evacuation was employed for transfer of 220 
(73.5%) of all patients admitted to the Institute of Surgical Research. 
One hundred and fifty-five Continental United States evacuations for 185 
patients set a new record for such evacuations in 1972. 

Thermal injury 
Topical therapy 
Air evacuation 
Mortality 
Coagulation defect 
Metabolic requirements 
Biologic dressings 
lntralipid 
Subanesthetic ketamine 
Human growth hormone 



1-1 

CLINICAL OPERATION, CENTER FO R TREATMENT 
OF BURNED SOLDIER~ 

The Clinical Division of the US Army Institute of Surgical Research 
continued through the year 1972 to have as its primary objective the 
provision of clinical care for thermally injured patients. An increase 
in the total number of admissions from 268 in 1971 to 300 patients in 
1972 was remarkable in that this reflected an increase in both the total 
of patients and the number of patients admitted early post burn . 

In early 1972 burn teams from the Institute of Surgical Research 
were sent upon request to US Army Hospital, Camp Zama, Japan to prepare 
thermally injured patients for evacuation and to care for them on their 
flight from the Far East. On the 1st of June the burn holding area was 
transferred from Camp Zama, Japan to US Army Medical Center Okinawa. A 
total of 8 such evacuations for 31 patien t s were made in the calendar 
year 1972 from the Far East compared with 13 flights for 93 patients in 
1971. 

There were 155 Continental United States flights for 185 patients 
and in addition 4 other flights for 4 patients including 3 flights for 
3 patients to Alaska and I flight for I patient to Puerto Rico. The 
necessity of having experienced burn team merrbers carry out the aero
medical evacuation of severely burned patients was demonstrated by the 
fact that none of the 220 patients evacuated by our burn teams to this 
Institute expired in flight. 

CLINICAL MANAGEMENT 

Detailed des criptions of the management of patients with thermal 
injury as practiced by this Institute are found in previous Annual 
Reports and in numerous scientific publications. The refore the following 
remarks are limited to new and current methods of clinical therapy. 

Calendar year 1972 completes four years experience with split
thickness porcine cutaneous xenograft as a substitute for fresh human 
allograft. While porcine xenograft appears to enhance the healing of 
partial thickness burns the enthusiasm for its use as a biologic dressing 
has diminished over the past year. Compared to cadaver allograft, human, 
it is clearly a second choice and fails to prepare a full thickness wound 
for autografting as well as human cadaver allograft. Several instances 
occurred in which the porcine xenograft had to be removed from a full 
thickness wound and topical chemotherapy reinstituted. Lyophi ized 
porcine xenograft appears to be less effective than commercia l ly 
prepared "fresh" porcine xenograft and its use has been I imited. Porcine 
xenograft continues to offer the advantages of availability, a lack of 
inmune response (take and rejection phenomenon) and does serve as a 
substitute for cadaver allograft when the availability of cadaver 
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ai log raft is 1 imi ted. Cadaver al lograft howeve r continues to he the 
first choice as a physiologic dressing both fo r the re duction of e vapora
tive losses, the decrease of infection and the preparation of the wound 
for autografting. 

Ten per cent fat emulsion (lntralipid) is being evaluated for i ts 
nitrogen sparing qualities after thermal injury. It offer s the advan t age 
that it can be administered through a peripheral vein thus eliminatin g 
t he necessity for cannulatior of a central ve in. The occurrence of 
thrombosis and thrombophlebitis of central veins relat ed to cannulation 
has been con Firmed and the avai labi 1 i ty of a nutri ent material that may 
be administe red through a peripheral vein is clearly advantageo rs. Three 
parenteral diets are administered to a single patient with variJbl e 
portions of fat, carbohydrates and a fixed caloric and nitroge11 load. 
Urine is collected and nitrogen excretion is calculat ed from the urine 
urea nitrogen and total urinary nitrogen. No untoward febrile responses, 
coagulation abnormalities or complications have been noted thus far with 
use of the fat emulsion. 

Evaluation of aqueous Sulfarnylon, 5%, has continued during 1972 and 
it has primarily been used in wet-to-dry dressings, changed every 6 to 8 
hours. Such dres sings are limited to 20Z of the total body s urface and 
are employed for a day or two after the eschar has separate d and a super
ficial, shaggy, pseudoeschar and exudate still remain s on full thickness 
wounds. In addition it has been used to prot,~ct freshly applied rresh 
autograft to prevent desiccation and to reduce the bacterial concent a
tion until vascularization and ingrowth of the interstices has occurred. 
To date this solution appears to be s uperior to balanced salt solution 
used in a similar fashion. 

Evaluation of resuscitation regimen s has continued throughout the 
year 1972 and approximately 50 acutely burned patients have been res us
citated using 2-3 cc per kg per per cent burn of a sodium containing 
solution usually of a concentration of 130 mEq of sodium per liter in 
the first 24 hours. Blood volume is measured at the end of the first 
24 hours post burn and any measured deficit i s corrected with a colloid 
solution, most often plasma nate. Colloid containing solutions have not 
been admini s tered in the first 24 hours since studies at this Institute 
indicate that colloid solutions are no ;,nre effective than crystalloid 
solutions in the first 24 hours and apparently leak t hrough the capi lla ~y 
defect with equal ease. However with the repair of the capillary de fect 
occurring during the second 24 hours post burn, colloid given in the 
second 24 hours post burn appears to be more effective in restoring 
volume than crystalloid. After 48 hours the fluid admini s tered is pri
marily dextrose 5i in wa t er to replace evaporative losses and supple
mentation with potassium maintains normal serum potassium. The volume s 
of water administered in children have been decreased and they also are 
resuscitated along isotonic guidelines to avoid rapid shifts in serum 
sodium, cerebral edema and an unto.-Jard weight gain. 
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In 1972 approximately 60 patients were given 250 (range from 1-13) 
intramuscular administrations of subanes ·hetic doses of ketamine for 
Hubbard tank debriderrent and dressing changes. A dose of 1.5 mgs per 
kilogram (15% of the usual anesthetic dose) was selected as an effective 
analgesic dose. Useful analgesia lasted about 14 minutes and recovery 
and mental orientation occurred approximately 20 minutes after adminis
tration of the drug. Tolerance was observed in virtually all patients 
receiving more than two exposures, however, for a brief but potentially 
painful procedure administration of an intramuscular subanesthetic dose 
of ketamine has proven to be a valuable technique with minimal compli
cations or interference with oral alirrentation. 

Human growth hormone was administered to 7 burned hypermetabolic 
patients in 1972 who were also receiving calories and nitrogen to meet 
their energy demands. No local reaction or anaphylaxis was seen with 
the administration of this hormone. A reduction of nitrogen excretion 
occurred in 7 of the 8 study periods with the administration of human 
growth hormone, 10 I.U. per day for 7 days. In the six patients who 
demonstrated protein sparing, insulin production appeared to be increased. 
This effect appeared to be dose related and to require nutrient loading 
to augment the insulin response. 

A study of coagulation abnormalities in thermally injured soldiers 
was completed with the inclusion of 50 patients whose coagulation 
factors were serially assayed. The previous findings of marked elevation 
in fibrinogen and a marked platelet concentration elevation at the 10th 
post burn day were confirmed. In addition, five patients who demonstra
ted disseminated intravascular coagulation was marked not only by a 
thrombocytopenia but by a precipitous fall i the fibrino~en concentra
tion and elevation in fibrin split product titers as determined by the 
Staphylococcal clumping technique. Depression of the platelet count 
was also seen in those patients who had invasive infection either 
bacterial or mycotic, however this thrombocytopenia may not be indicative 
of disseminated intravascular coagulation unless there is also a con
current precipitous fall in the fibri~ogen concentration and a rise in 
the fibrin split product titers. 

EDUCATION 

A prirre responsibility of the Institute of Surgical Research has 
historically been one of education of the military and civilian 
medical communities in the care of the thermally injured patient. This 
responsibility has again been fulfilled through numerous scientific 
presentations and publications, in-house training and education of house 
officers, staff physicians, foreign physicians and paramedical personnel. 

During the period encompassed by this report, 3 surgical residents 
from Brooke General Hospital, 3 surgical residents from Fitzsimons 
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General Hospital and 1 each from William Beaumont, Walter Reed and the 
Santa Rosa Medical Center in San Antonio, Texas participated as active 
ment>ers of the medical staff for 2-3 month periods as part of their 
surgical training program. In addition, six medical officers from the 
U.S. Army Hospital Okinawa, (Far East Burn Center), 3 civilian physicians, 
1 US Navy physician, 3 allied officers, 3 reserve officers on annual 
active duty training, 2 medical students and 2 active duty clinical 
clerks had from 2 to 6 week assignments with this Institute. Finally, 
approximately 36 civilians and 123 military physicians, students and 
para"!ll!dical personnel visited this Institute in 1972. Thirty-eight 
foreign visitors from the following countries: Sweden, France, England, 
Germany, Brazil, Portugal, Japan, Canada and Australia received extensive 
briefings on the current status of care of burn patients in general and 
the Institute of Surgical Research in particular. 

In addition, numerous scientific presentations concerning various 
aspects of thermal injury were presented by members of this division 
at local, state, regional and national meetings as listed at the end of 
this sect ion. 

STATISTICAL RESUME 

During the year 1972, 300 thermally injured patients were admitted 
to the Institute of Surgical Research, 25 (8%) of whom were evacuated 
from the Republic of Vietnam. There were 301 dispositions during 1972 
and the subsequent data will be based on those dispositions. The 
patients ranged in age from 6 months to 93 years and included 240 males 
and 61 females. The average age f the patient was 25.8 years with an 
average total burn of 34.2% (17.5% full thickness injury). The average 
burn index was 25.6%. Of the 301 dispositions, 235 had full thickness 
injury (78%). Sixty-five patients were under the age of 15 with an 
average age of 5.1 years. The average total burn in this pediatric age 
group was 34% with 19.9% full thickness injury (burn index 26.2). Of 
the 65 pediatric patients admitted, 57 (87.7%) had some full thickness 
injury. The overall r.ortality for the year 1972 was 34.3% or 103 deaths 
of the 301 dispositions as compared with an overall mortality of 22.6% 
in 1971. The average age of those patients dying was 28.9 years with 
an average total burn of 56.7% (36.3% third degree) and an average burn 
index of 46%. Of the 103 deaths one (1%) was evacuated from the Republic 
of Vietnam as compared with 102 from the Continental United States. This 
increase in crude mortality figures most likely results from a shift in 
emphasis from those patients who are injured in Vietnam and evacuated 
to this Institute after stabilization to those patients who are injured 
in the Continental United States and in general ar. evacuated to the 
Institute of Surgical Research earlier with more se vere and extensive 
Injury. In addition, of the 103 patients who died, 23 (22.3%) were in 
the pediatric age group. Autopsies were performed on 89 f the 103 
patients for an 86.4% postmortem examination rate. The average post burn 
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day of death was 16.4 days. 

Table 1 identifies the source of admission of patients during 
calendar year 1972, The major area shifted from the Republic of Vietnam 
and the Far East as in previous years to the Continental United States. 
Table 2 summarizes the mode of injury in patients from the Continental 
United States in the calendar year 1972. Table 3 illustrates the effect 
of age and total body surface burn on mortality. Mortality of burns 
greater than 60% remains high with only two patients surviving with that 
degree of injury. 

The mortality ates in increments of 10% total body surface burn 
for the years 1969 through 1972 are tabulated in Table 4. Comparison 
with 1969 reveals an increase in the mortality for 30-50% total body 
burn groups. 

The survival and mortality data for patients with greater than 30% 
(1955-1972) are presented in Table 5, No striking change was noted in 
1972, 

In Table 6 a comparison is presented of burn mortality rates In the 
pre-Sulfamylon years 1962-63 and the cummulative experience since 1964 
when Sulfamylon has been used. As previously reported the improvement 
Is primarily in that group of burn patients whose tnJury is in the 30-60% 
range with little if any change in those patients with less than 30% or 
greater than 60% injury. 

The average hospital stay in 1972 was 47 hospital days and when con
valescent leave was excluded it was 40 hospital days . The average post 
burn day of admission of all patients to the Institute of Surgical 
Research was the 7th post burn day. This figure reflect s a decrease in 
average post burn day of admission from 11.2 in 1970 to 9 days in 1971 
and 7 days in 1972 which again emphasizes the fact that the current 
patient population Is being admitted earlier since they originate In the 
Continental United States. 

During the year 1972 2,668 operations were performed on 268 pa,ients, 
an average of 9 oper~tions per patient. There were 602 operations on 
191 patients which required a general anesthetic for an average of 2 per 
patient. A total of 2,057 ward procedures were perfonned which required 
no general anesthesia. One hundred and forty-five patients required 363 
autograft procedures. In addition, 135 patients had 896 cadaver allo
graft applications for an average of 3 per patient while 125 patients 
required 784 porcine xenograft applications for an average of 2.5 per 
patient. Cadaver homograft was aseptically harvested from 70 donors. 

Escharotomies were performed in 75 patients, 25% of 301 dispositions. 
T lrty-elght patients (13%) required an amputation which includes 31 
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Table I. Source of Admission, 1972 

Area A AD AF AFD N ND VAB Other TOTAL 

1st Army 4 0 2 2 0 2 12 

3rd Army 7 9 2 5 6 3 5 11 48 

5th Army 35 25 5 10 4 3 36 46 164 

6th Army 2 2 3 0 5 3 17 

l'()W 0 0 0 0 0 0 0 

Viet Nam 27 0 0 0 3 0 0 0 30 

r.ermany 5 0 0 0 0 8 

Korea 2 0 0 0 0 0 0 0 2 

Alaska 0 0 0 0 4 

Japan 0 0 0 0 0 3 

Canal Zone 0 0 0 0 0 0 0 

Mexico 0 0 0 0 0 0 0 2 2 

Okinawa 0 0 0 5 0 0 0 6 

Guam 0 0 0 0 0 0 0 

Thai 1 and 0 0 0 0 0 0 0 

San Salvador 0 0 0 0 0 0 0 

85 37 11 21 24 9 47 67 )CJ 1 

A - Army N - Navy, Marine Corps & us Coast Guard 
AF - Air Force VAB - Veterans Administration Bene f i c i a ry 
D - Dependent MOW - Military District of Washington 
Other : Ci vi I ian Emergency 03) 

Designee of Secretary of Army (25) 
US Public Health Service Beneficiary (8) 
Bureau of En-.,loyees' Con-.,ensation Beneficiary (I) 
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Table 5. Per Cent Burn Versus Survival, 1955-1972 

Survivors (burns over 30%) Deaths 

Year No. Ave ra51e % Burn No. Avera51e % Burn 
Cases Total 3' Cases Total )"' 

1955 20 39 .5 20.3 21 55.6 38.1 

1956 22 '41.0 17. 3 20 57.8 )7.8 

1957 19 38.'4 2'4 .1 17 57.1 38.8 

1958 15 '42.3 21 .6 23 56 .5 35,3 

1959 29 '43. 1 20.6 2'4 63.1 38.1 

1960 17 ,.,. .2 20 .1 30 57.8 37,3 

1961 18 ,.,. .2 25.0 31 58.0 39. 7 

1962 18 '42. 7 21.'4 5'4 59 .1 '46 .2 

1963 28 '45.8 19.6 57 69.0 '41.0 

196'4 '40 '41.8 1'4.8 37 65.0 '42 ,,. 

1965 '47 '43. 8 21.0 33 66.0 33 ,,. 

1966 68 '41 .5 1'4.9 59 59 .9 31. 3 

1967 103 '42.7 13, 3 51 59,9 32.3 

1968 1'43 ,.,. . 2 12.6 38 5'4 .6 2'4 .6 

1969 113 '43.2 11.1 70 58,7 26.'4 

1970 92 39 ,,. 10.7 70 51.9 32.6 

1971 63 '41.9 1'4.0 68 60.8 38.0 

1972 62 '42 .0 17,2 103 56.7 35,9 
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patients with major amputations. Disarticulation of phalanges was the 
most frequent al11)utation and was carried out on 17 patients. 

Tracheostomy was performed on 60 patients (20 %) for specific indica
tions such as prolonged ventilator support or upper airway obstruction. 
One thousand one hundred and ninety-three blood cultures were drawn from 
205 patients with a yield of 391 positive blood cultures. Thirty-nine 
patients had exploration of previous cutdown sites for a suspected 
thrombophlebitis which was subsequently proven by clinical, bacterio
logical, or microscopic evidence in 16 patients for an overall incidence 
of suppurative thrombophlebitis of 5.5%. 

A total of 869,855 cc of blood was administered in 171 patients. 
Two hundred and ten or 70% of the patients had a cutdown or intravenous 
line established percutaneously. 

Topical Sulfamylon acetate was utilized to control the burn wound 
flora in 292 patients (97% of dispositions) and silve r nitrate in 20 
patients (6.5%). A hypersensitivity of varying degree was d monstrated 
in 20 patients (6.5%) receiving Sulfamylon and usually responded to anti
histamine therapy. 

One hundred patients (33%) had some type of associated injury on 
admission. In add i t ion, 7% (21 patients) had chondritis of 22 ears, and 
17 patients (5.7%) underwent chondrectomy. Sixty patients (20%) had 
gastrointestinal bleeding of some type and in 54 patients (18%) Curling's 
ulcers were diagnosed. Seventeen patients during calendar year 1972 
underwent celiotomy and appropriate operation for massive upper GI bleed
ing or perforation. Eleven patients had a diagnosis of either dCute or 
chronic cholecystitis at postmortem examination, however in no patient 
was it a cause of death. Thirty-one patients (10~) had a chemical 
diagnosis of acute pancreatitis and in 30 of these patients this diagnosis 
was confirmed by postmortem examination. Adrenal hemorrhage was found at 
postmortem examination in 4 patients and a ruptured spleen tn 1 patient. 
Clinical acute renal failure occurred in 25 (8.5%) of admissions and acute 
tubular necrosis was histological ly documented in 26 (8.5%) of admissions. 
Hemolydialysi s was performed in 7 patients. 

Of int e rest acute myocardial infarct ion occurred in 7 patients, 
acute bacterial endocarditis in 9 and congestive heart failure in 5. 

Twenty patients were admitted with fractures, one patient developed 
roentgenographic and clinical evidence of septic arthritis of the gleno
humeral joint which was surgically d:ained and healed without complica
tion. Only one patient developed ectopic calcification about the elbo.-1 
in contrast to previous years' experience when 6 patients developed such 
heterotopic calcifications. 
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Pneumonitis has continued to be a significant problem in 1972. 
Pneumonia was diagnosed in 94 patients (31%) and inhalation injury 
was present in 51 patients (17%). In addition, viral pneumonia was 
diagnosed in two patients, atelectasis in 31 patients (10%), lung 
abscesses in 11 patients, pulmonary emboli in 19 patients and 92 patients 
(30%) required mechanical ventilatory support. In addition bacterial 
or mycotic burn wound sepsis was diagnosed histologically in 48 patients 
(16%), burn wound cellul itis In 19 patients and s~pticemia was diagnosed 
in 97 patients (32%). 

SUMMARY 

Three hundred patients with thermal injury were admitted to the 
Clinical Division of the United States Army Institute of Surgical 
Research during calendar year 1972. ~lewer modalities of clinical therapy 
that were evaluated during the year were ketamine analgesia for limited 
debridement, use of Sulfamylon-Mycostatin cream, 5% aqueous Sulfamylon 
dressings, continued evaluation of 133Xenon scan for the detection of 
inhalation injury and continued evaluation of porcine xenograft as a 
temporary biolog ic dressing . In addition, evaluation of the metabolic 
requirements of the thermally injured, effectiveness of lntralipid as a 
caloric source, serial measurements of pulmonary function and serial 
measurements of alteration in the coagulation mechanism were studied and 
have provided a basis for modification and improvement in the management 
of burn patients. 

Again during 1972 the responsibility of the Institute of Surgical 
Research of education of the military and civilian medical community in 
the care of the thermally injured patient has been carried out by 
multiple presentations, publications and participation in medical 
seminars, in-house training and education of house officers, staff 
physicians, foreign physicians and paramedical personnel by the staff of 
this Institute. 

Comparisons of mortality data since 1969 has revealed a continued 
increase in mortality in the 30 to 60% burn group, in addition, the 
decrease from an average post burn day of admission of 11 .2 in 1970 to 
7th post burn day in 1972 suggests that the patient population is admitted 
earli ~r since they originate primarily in the Continental United States. 

The senior author wishes to express his appreciation and gratitude 
to the entire staff of the Clinical Division of the Institute of Surgical 
Research who are responsible for the care of severely burned p~tients, 
the investigative efforts and.the compilation of data that are summarized 
in this report. This clinical and research ability, devotion to duty, 
enthusiasm and dedication have made the successful completion of the 
mission of this unit possible. 
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PUBLICATIONS 

Pruitt BA Jr: Burns, method of. Current Therapy-1972, W.B. 
Saunders Company, 1972. pp 822-828. 

Pruitt, BA Jr, Moylan, JA Jr: Current management vf thennal 
Burns, in Advances in Surgery, Vol 6, Yearbook Medical Publishers, 
Chicago 1972, pp. 237-288 . 

White, MG: Bartter's Syndrome: A manifestation of renal tubular 
defects. Arch Int Med 129:41-47, 1972. 

Kurtzman NA, White MG, Rogers PW, Flynn JM II I: Relationship of 
sodium reabsorption and glomerular filtration rate to renal glucose 
reabsorption. J Clin Invest 51:127-133, 1972. 

Eurenius K, Mortensen RF, Meserol PM, Curreri PW: Platelet and 
megakaryocyte kinetics following thermal injury. J Lab Clin Med 
79:247-258, 1972. 

Knochel JP, Ootin LN, Harmurger RJ: Pathophysiology of intense 
physical conditioning in a hot climate. I. Mechanism of potassium 
deple t ion. J Clin Invest 51:242-255, 1972. 

Munster AM: Management of diabetic patients with thermal injury. 
SG&O 134:483-484, 1972. 

Dobbs ER, Curreri PW: Burns: Analysis of results of physical 
therapy in 681 patients. J Trauma 12:242-248, 1972. 

Mortensen RF, Johnson AA, Eurenius K: Serum corticosteroid Binding 
fol lowing therr,al injury. Proc Soc Exp Biol Med 139:877-882, 1972. 

Asch MJ, Curreri PW, Pruitt BA Jr: Thennal injury involving bone: 
Report of 32 cases. J Trauma 12:135-139, 1972. 

Moylan JA Jr, West JT, Nash G, Bowen JA, Pruitt BA Jr: Tracheostomy 
in he thermally injured patients: A review of f ive-years' experience. 
The ,1merican Surgeon, 38: 119-123, 1972. 

Silverstein P, McManus WF, Pruitt BA Jr: Subcutaneous tissue infil
tration as an adjunct to split-thickness skin grafting. Am J Surg May 
624-625, 1972. 

Bruck HM, Pruitt BA Jr: Curling's ulce r in ch il ren: A 12-year 
review of 63 cases. J Trauma 12:49-496, 1972. 

Newsome TW, Johns LA, Pruitt BA Jr: Use of n < ir-f luidlzed bed 
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in the care of patients with extensive burns. Amer J Surg. 124:52-56, 
1972. 

Bruck HM, Nash G, Stein JM, Lindberg RB: Studies on the occurrence 
and significance of yeasts and fungi in the burn wound. Ann Surg 176: 
108-110, 1972. 

Newsome TW, Curreri PW, Eurenius K: Visceral injuries. An unusual 
complication of an electrical burn. Arch Surg 105:494-497, 1972. 

Moylan JA Jr, Wilmore OW, Mouton OE, Pruitt BA Jr: Early diagnosis 
of inhalation Injury using 133 xenon lung scan. Ann Surg 176:4,7-484, 
1972. 

Reckler JM, Bruck HM, Munster AM, Curreri PW, Pruitt BA Jr: 
ior mesenterlc artery syndrome as a consequence of urn injury. 
Trauma 12:979-985, 1972. 

Super
J 

Mortensen RF, Eurenius K: Enhanced hemolytic antibody response 
following the rmal injury. Int Arch Allergy 43:321-326, 1972. 

Wilmore OW, Pruitt BA Jr: Fat boys get burned. Lancet 631-632, 
Sep 23, 1972. 

Munster AM, Eurenius K, Mortensen RF, Mason AD Jr: Ability of 
splenic lymphocytes from injured rats to induce a graft-versus-host 
reaction. Transplantation 14: 106-108, 1972. 

Garfield JM, Garfield FB, Stone JG, Hopkins D, Johns LA: A 
comparison of psychologic responses to ketamine and thiopental-nitrous 
oxide-halothane anesthesia. Anesthesiology, 36:329-338, no 4 Apr 1972. 

PRESENTATIONS 

Si 1 ve rs te in P: Enzymatic Debridement of Burn Wound Eschar. Flint 
Laboratories Symp. Palm Springs, CA, 7 Jan 72. 

Pruitt BA Jr: (1) Recommended Procedures for Prevention of Cross
Infection from Sept : c Cases--The Burn Patient, Special Consideration; 
(2) Special Laboratory Support Considerations in the Treatment of 
Burns. Third Symp. on Control of Surgical Infections, ACS, Wash DC 
10, 11 Jan 72. 

Wi lmore OW: Parenteral Nutrition: Indications, Applications and 
Pitfall~. Portland Surgical Society Mtg, Portland, Ore, 1?, Jan 72. 

Pruitt BA Jr: (1) Fungal Infections in Surgical Patients; (2) 
Shock Associated with Thermal Burn. HelT'ber, Panel on Surgical lnfect!ons 
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and Panel on Trauma. ACS Sectional Mtg, Miami. FLA 17-19 Jan 72. 

Rogers PW: Hypercalcemia: Cause and Therapy. Clinical Nephrology 
Conf, Brooke Gen Hosp, BAMC, FSHT, 19 Jan 72. 

Wilroore OW: Recommendations for Evaluation of Patients. AMA Symp 
on Total Parenteral Nutrition, Nashville, Tenn, 19 Jan 72. 

The following presentations were made to the Global Med Course, 
USAF Sch of Aerospace Med, Brooks AFB, TX, 20 Jan 72: 

Inge WW Jr: Topical Therapy 
McManus WF : Complications of Burns 
Moylan JA Jr: Fluid Resuscitation and Initial Care 
Silverstein P: Biologic Dress ings in Burn Wound Care 

Allen GW: Anatomy of the L•mg. Anes th s ia Conf , BGH, BAMC, FSHT 
22 Jan 72. 

The following presentations we re made to th Sympo ium on Military 
Plastic Surgery, WRAIR, WRAMC, 24-26 Jan 72: 

Pruitt BA Jr: Burn Sepsis 
Silverstein P: Treatment of Eyelid De formiti es due to Thermal 

Injury. 

McGranahan BG: Staff Developn~nt. ANC Chief Nurse Course, MFSS, 
BAMC, FSHT 26 Jan 72. 

Salisbury RE: The evaluation of Orenzyme in the Prevention of 
Swelling after Hand Surgery. _ American Soc for Surgery of the Hand Mtg, 
Wash DC 27 Jan 72. 

Johns LA: Psychological Problems of the Burn Patient. Clinical 
Specialist Course, BGH, BAMC, FSHT. 28 Jan 72 

McGranahan BG: Nursing Care of the Burn Pati ent. Flight Nurses, 
Sch of Aerospace Med, Brooks AFB, TX 28 Jan 72. 

The following presentations were made to Physical Therapy Students, 
MFSS, BAMC, Fort Sam Houston, TX, 28 Jan 72: 

McGranahan BG: Nursing Care of the Burn Patient 
Reardon JC: Occupational Therapy for the Burn Patient 
O'Brien WJ Ill: Physical Therapy for the Burn Patient 
McManus WF: Medical Management of the Burn Patient 

Rogers PW: Bilateral Renal Artery Stenosis. Univ of Texas Med Sch 
at San Antonio Dept of Med Combined Conf, San Antonio, TX 2 Feb 72. 

Silverstein P: Treatment of Burns. Off Basic Course, MFSS, BAMC 
Fort Sam Houston, TX, 11 Feb 72. 
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Silverstein P: Trends in Biological Wound Dressings. Univ of Texas 
Med Sch at San Antonio, Dept of Surg Conf, San Antonio, TX 11 Feb 72 

Horris AH: Lung Function Following Nonpulmonary Burns. Washington 
Univ Sch of Med Staff, St. Louis, Missouri 11 Feb 72. 

Hunt JL: The Treatment of Hass Casualties in Thennonuclear Warfare. 
Medical Aspects of Advanced Warfare Course, Sch of Aerospace Med, Brooks 
AFB, TX 14 Feb 72. 

Pruitt BA Jr: Member, Panel on Infection. Presentation: Epi
demiology of Pseudomonas Infections. ACS Sectional Mtg, St Louis, MO 
14-16 Feb 72. 

Horris AH: Lung Function Following Nonpulmonary Burns. Univ of 
Colorado Sch of Med Staff, Denver, Colorado 15 Feb 72, 

Horris AH: Systems Response Considerations in the Measurement of 
Dynamic Mechanical Properties of the Lung. Univ of Colorado Sch of Med 
Staff, Denver, Colorado 16 Feb 72. 

Johns LA: (1) Nursing Research in the Army Nurse Corps; (2) Use of 
Problem-Solving Techniques. MFSS Clinical Head Nurse Course, San 
Antonio, Texas 16 Feb 72. 

Horris AH: Lung Function Following Nonpulmonary Burns. Univ of 
Arizona Sch of Med Staff, Tucson, Arizona 18 Feb 72. 

Morris AH: Systems Res ~onse Considerations in the Measurement of 
Dynamic Mechanical Prope.-ties of the Lung. Univ of Ariz Sch of Med 
St~ff, Tucson, Arizona 19 Feb 72. 

Rogers PW: Evaluation of Urinary Sedirnent. BGH Pediatric Resi
dents, BGH, BAMC, Fort Sam Houston, TX 23 Feb 72. 

Morris AH: Lung Function FollONing Nonpulmonary Burns. Univ of 
New Mexico Sch of Med, Albuquerque, New Mexico, 24 Feb 72. 

Johns LA: Emergency Treatment of the Burn Patient. Emergency Med
ical Technicians (Ani>ulance), Sch of Paramedical Training, Bexar County 
Hospital District, San Antonio, Texas 1 Mar 72. 

Slogoff S: Basic Respiratory Physiology. Dept of Obstetrics & 
Gynecology, BGH, BAMC, Fort Sam Houston, Texas 1 Mar 72. 

Rogers PW: Idiopathic Nephrotlc Syndrome. Rtnal Conf, Univ of Tex 
Med Sch at San Antonio, Texas 1 Mar 72. 
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Wilmore OW: Nutrition in the Surgical Patient. Dept of Surg, Univ 
of Utah Sch of Med, Salt Lake City, Utah 2 Mar 72. 

The following presentations were given to the Brooke General 
Hospital-Univ of Texas Medical School at San Antonio Symp on Surgical & 
Orthopaedic Aspects of Trauma, San Antonio, Texas 6 Mar 72: 

Inge WW Jr: Frequent Life-Threatening Complicat ions of the Burn 
Patient 

Moylan JA Jr: Earl Care of the Burn Patient 
Silverstein P: Coverage of the Burn Wound 
Wilmore OW: Nutrition of the Injured Patient 

Johns LA: Nursing and the Chaplain. Clinical Pastoral Education 
for Chaplains Course, BGH, BAMC, Fort Sam Houston, Texas 7 Mar 72. 

Pruitt BA Jr: Moderator, Panel on Burn Care. Presentation: Fluid 
Resuscitation of the. Burn Patient. Surgical and Orthopaedic Aspects of 
Trauma, BGH, BAMC, Fort Sam Houston, Texas 6-10 Mar 72 

Peche M: Nursing Care of the Burn Patient. Flight Nurses and 
Medical Technicians, Sch of Aerospace Med, Brooks AFB, TX 14 Mar 72. 

Johns LA: Is Gastric Emptying Circadian? 8th Annual Research Conf, 
American Nurses' Association, Albuquerque, New Mexico 16 Mar 72. 

Johns LA: Nursing Care of the Burn Patient. lnservice Program, 
Bergstrom AFB & Univ of Tex Continuing Edu Prog, Austin, TX 20 Mar 72. 

Wilmore OW: Parenteral Nutrition. Dietetic Staff, BGH, BAMC, 
Fort Sam Houston, TX 22 Mar 72. 

Slogoff S: Ketamine Usage in Burn Care. Dept of Anesthesia, 
Jefferson Medical College, Philadelphia, Pa. 28 Mar 72. 

Morris AH: Lung Function Following Severe Nonpulmon~ry Burn. 
Pulmonary Conf, Univ of Mich Sch of Med, Ann Arbor, Mich 28 Mar 72. 

Warden GD: Biological Dressings. Surgical Grand Rounds, Univ of 
Utah Medical Center, Salt Lake City, Utah 5 Apr 72. 

Warden GD: Fluid Resuscitation. Staff Univ of Utah Medical Center, 
Salt Lake City, Utah 5 Apr 72. 

Warden GD: Treatment of Burns. Medical Students, Ur. iv of Utah 
Medical Center, Salt Lake City, Utah 5 Apr 72. 

The following presentations were made to the American Burn Assn 
Mtg, San Francisco, California 7-8 Apr 72: 
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Pruitt BA Jr: Member of panel discussion on "Burn Resuscitation", 
and discussant of two papers. 

Inge W Jr: Herpetic Infection in the Burn Patient 
Wilmore OW: Safety of Parenteral Fat Emulsion as a Caloric Source 

in Thermally Injured Patients 
Morris AH: Lung Function in the lnmediate Postburn Period 
Silverstein P: Enzymatic Debridiement of Burn Wound Eschar 
Johns LA: The Hazards of Intravenous Therapy--A Continuing 

Challenge 
Morris AH: Contamination of Inhalation Therapy Equipment in a 

Burn Unit. 
Spitzer M: The Role of Nursing Service in Providing Caloric Support 

for Burn Patients. 
Palm L: A Method for Splinting the Upper Extremi t y of Thermally 

Injured Patients. 
O'Brien WJ 111: Peri pheral Neuropathy in the Thermally Injured 

Patient. 

Pruitt BA Jr: Discuss ion of Stress Ulcers at Surgical Literature 
Conf, Univ of Texas Med Sch at San Antonio, San Antonio, TX 12 Apr 72. 

Silverstein P: Recent Progress in Burn Therapy. Plastic Surg Dept 
Grand Rounds, Univ of Tex ~ed Sch at San Antonio, TX 19 Apr 72. 

Wilmore OW: Treatment of Burns. MFSS Physician's Assistant 
Program students, USA ISR, BAMC, Fort Sam Houston, TX 19 Apr 72. 

Hall WF: Physical Therapy in the Treatment of the Burn Patient. 
BGH Physical Therapy Dept, BGH, BAMC Fort Sam Houston, TX 20 Apr 72. 

Inge WW Jr: Treatment of Burns. MFSS Physician's Assistant 
Program students, USA ISR, BAMC, Fort Sam Houston, TX 20 Apr 72. 

Hunt JL: Treatment of Burns. MFSS Physician's Assistant Program 
students, USA ISR, BAMC, Fort Sam Houston, TX 21 Apr 72. 

Silverstein P: Biologic Dressings, Dead or Alive. 3M Company, 
St. Paul, Minnesota, 25 Apr 72. 

Welch GW: Treatment of Burns. MFSS Physician's Assistant Program 
students, USA ISR, BAMC, Fort Sam Houston, TX 26 Apr 72. 

Warden GD: Treatment of Burn5. MFSS Physician's Assistant Program 
students, USA ISR, BAMC, Fort Sam Houston, TX 27 Apr 72. 

Silverstein P: Treatment of Burns. MFSS Physician's Assistant 
Program students, USA ISR, BAMC, Fort Sam Houston, TX 28 Apr 72. 
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Pruitt BA Jr: Co-author of presented paper and discussant of paper 
on "Infection in Burn Patients". American Surgical Assn Mtg, San 
Francisco, CA 25-28 Apr 72. 

Slogoff S: Shock. Dept of Anesthesia, BGH, BAMC, Ft. Sam Houston, 
Texas 29 Apr 72. 

McGranahan BG: Nursing Care of the Burn Patient. Incarnate Word 
College nursing stu ents, San Antonio, Texas 3 May 72. 

Salisbury RE: Treatment of Burns. MFSS Physician's Assistant 
Program students, USA ISR, BAMC, Fort Sam Houston, TX 3 May 72 

Wilmore OW: Treatment of Burns. MFSS Physician's Assistant Program 
students, USA ISR, BAMC, Fort Sam Houston, lX 4 May 72. 

The following presentations were made on a "Burn Treatment Panel" 
moderated by L. Palm, Texas State Occupational Therapy Assn Anl Conf, 
San Antonio, Texas 7 May 72: 

Wilmore OW: Medical Management of the Burn Patient 
Canfield C: Nursing Care of the Burn Patient 
Reardon JC: Occupational Therapy for the Burn Patient 
Loveless SD: Physical Therapy for the Burn Patient 

Pruitt BA Jr: Synthetic Drape Materials. Symp of ACS Committee on 
Operating Room Environment, Wash DC 8 May 72. 

McGranahan BG: Nursing Care of the Burn Patient. School of Aero
space Med Flight Nurses and Technicians, Brooks AFB TX 9 May 72. 

~ruitt BA Jr: Member, Panel on Thermal Injuries; Presentations: 
(1) Initial Management of the Burned Patient; (2) Metabolic Sequelae of 
Trauma: (3) Post-traumatic Pulmonary Insufficiency. 16th Annual Post
graduate Course on Fractures and Other Trauma (Chic Comm on Trauma, and 
ACS), Chicago, IL. 10-13 May 72. 

The following presentations were made at the 105th Annual Session, 
Texas Medical Association, San Antonio, Texas 12 May 72: 

Inge W Jr: Burns--New Concepts in Their Management. 
Wilmore OW: Intravenous Hyperalimentation in the Surgical Patient. 

Hunt JL: The Treatment of Thermal Injury. St,,ff USAH Fort Campbell, 
Kentucky 19 May 72. 

The following presentations were made at the Kansas Association of 
Physical Therapists Mtg, Wichita, Kansas 20-21 May 72: 

Inge W Jr: -(1) Initial Care of the Burn Patient; (2) Special 
Problems of the Burn Patient; (3) Co"1)1ications oft e Thermally Injured. 
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Canfield C: (I) Physical Plant of the USAISR; (2) Nursing Care of 
the Burn Patient; (3) Psycho-social Needs of the Burn Patient and His 
Family. 

Loveless SD: (I) Initial Physical Therapy in Burn Patient Care; 
(2) Physical Therapy Goals and Functional Results in Rehabilitation of 
the Burn Patient. 

Palm L: Role of the Occupational Therapist in Rehabilitation of 
the Burn Patient; (2) Fabrication of Splints. 

Palm Land Loveless SD: Ongoing Research in OT and PT at USAISR. 

Hunt JL: Nuclear Weapons Medical Effects-Thermal. Medical Aspects 
of Adv Warfare Course, Sch of Aerospace Med, Brooks AFB TX 23 May 72 . 

Pruitt BA Jr: Current Management of Thermal Injury. Annual Mtg of 
Puerto Rico Medical Assn, San Juan, PR 8 Jun 72. 

Pruitt BA Jr: New Opportunistic Surgical Infections. Staff Conf, 
Dept of Surg, Univ of Puerto Rico Med Sch, San Juan, PR 8 Jun 72. 

Canfield C: Nursing Care of the Burn Patient. Flight Nurses and 
Medical Technicians, Sch of Aerospace Med, Brooks AFB, TX 9 Jun 72. 

Pruitt BA Jr: Autografting of Burn Wounds. Postgraduate Course, 
Care of Thermally Injured, Univ of Tex Southwestern Medical School, 
Dallas, TX 22-23 Jun 72. 

Wilmore OW: Treatment of Burns. Off Adv Course, MFSS, BAMC, Fort 
Sam Houston, TX 27 Jun 72. 

McManus WF: Mission and Function of the Institute of Surgical 
Research. BGH Interns, BGH, BAMC, Fort Sam Haus ton, TX 29 Jun 72. 

Pruitt BA Jr: The Management of Chest Trauma in Burns. Intl 
College of Surgeons, Lake George, N.Y. 5-10 Jul 72. 

Pruitt BA Jr: (1) Stress Ulcers; (2) Initial Treatment of Acute 
Burns. Northwestern Univ Med Sch Postgraduate Course, Chicago, IL 27 Jul 
72. 

McGranahan BG: Nursing Care of Burns. Baptist Memorial Hospital 
Nursing students, San Antonio, Texas 28 Jul 72. 

Hunt JL: The Treatmer.t of Burns. Off Basic Course, MFSS, BAMC, 
Fort Sam Houston, TX 2 Aug 72. 

McHanu~ WF: The Treatment of Burns. Off Basic Course, HFSS, BAMC, 
Fort Sam Houston, TX 3 Aug 72. 
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McGranahan BG: Nursing Care of Burns. Flight Nurses and 
Technicians, Sch of Aerospace Med, Brooks AFB, TX 25 Aug 72. 

Salisbury RE: Treatment of Burns. Off Basic Course, MFSS, BAMC, 
Fort Sam Houston, TX 31 Aug 72. 

Wilmore OW: Treatment of Burns. Off Basic Course, MFSS, BAMC, Ft 
Sam Houston, TX 31 Aug 72. 

McGranahan BG and Breault ET: Care and Treatment of Burns. O.R. 
Nurses, Wilford Hall USAF Hosp, Lackland AFB, TX 7 Sep 72. 

The following presentations were made at the International Congress 
of Nutrition in Mexico City, 4-8 Sep 72: 

Long JH I II: Management of Renal Failure with Essential Aminoacid 
and Hypertonic Dextrose Solution. 

Wilmore OW: Influence of Parenteral Diet on Serum and Red Cell Fatty 
Acid Composition Following Thermal Injury. 

Pruitt BA Jr: Current Management of Severely Burned Patients. 
Surgical Grand Rounds, Scott and Whit~ Hospital, Temple, TX 
(1) Pulmonary Complications of Thermal Injury; (2) Gastrointestinal 
Complications in Burn Patients. Staff Rounds, VA Hosp Temple TX 12 Sep 72. 

McMar.us WF: Advances in Burn Therapy. Postgraduate Course. Univ 
of Nebraska, Omaha, Neb. 20 Sep 72. 

McManus \.JF: Infectious Diseases, Prevention and Treatment. 
Emergency Personnel, Lincoln, Neb. 21 Sep 72. 

Hunt JL: The Treatment of Burns. Medical Aspects of Adv Warfare 
Course, Sch of Aerospace Med, Brooks AFB, TX 26 Sep 72. 

Levine NS: Treatment of Burns. Off Basic Course, MFSS, BAMC, Fort 
Sam Houston, TX 27 Sep 72. 

The following presentations were made to the Amer Assn for Surgery 
of Trauma Mtg, San Francisco, CA 28-29 Sep 72: 

McManus WF: Disseminated lntravascular Coagulation in Burn Patients 
Warden GD: Central Venous Thrombosis. 

Warden GD: Thyroid Adaptation. Intl Transplantation Soc Mtg, San 
Francisco, California 29 Sep 72. 

Wilmore OW: Post Traumatic -Metabolic Response. Grand Rounds, Univ 
of Texas Med Sch at San Antonio, San Antonio, TX 29 Sep 72. 

Pruitt BA Jr: Seventh Annual Meeting Surgical Biology Ill Club, 
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San Francisco, CA 1 Oct 72. 

Pruitt BA Jr: Panelist, "Vascular War Wounds," Vietnam Vascular 
Register Meeting, San Francisco, California. 2 Oct 72. 

Slogoff S: The Use of Nitrous Oxide and Ketamine Anesthesia. Amer 
Soc of Anesthesiologists Mtg, Boston, Mass. 2 Oct 72. 

Wilmore OW: Essential Fatty Acid Deficiency in the Red Cell Membrane 
Following Thermal lnjur): Correction with Parenteral Fat Emulsion. Amer 
Coll of Surgeons Mtg. San Francisco , Calif. 3 Oct 72. 

Pruitt BA Jr: Pre- and Postoperative Care Committee Mtg, 
Panelist, Plastic & Maxillofacial Surgery: ln.terdisciplinary Panel on, 
"Burn Wound Management" 
Television Program-- 11 Emergency Procedures." 
Pre- and Postoperative Care Postgraduate Course on, "Local Treatment of 
Burns." American College of Surgeons Mtg, San Francisco, CA 2-6 Oct 72. 

Warden GD: Treatment of Burns. Surg Staff, Columbia Presbyterian 
Hospital, New York 8 Oct 72. 

Wilmore OW: Nutritional Aspects of Surgical Care. BGH Dietetic 
Interns and Staff, BGH, BAMC, Fort Sam Houston, TX 11 Oct 72. 

Pruitt BA Jr: Current Methods of Burn Care. Tennessee Area Nurses 
Assn Mtg, Chattanooga, Tennessee 16 Oct 72. 

Pruitt BA Jr: Current Methods of Burn Treatment. Tennessee Valley 
Medical Assembly, Chattanooga, Tenn. 17 Oct 72. 

Erickson DR: Treatment of Burns. MFSS Physician's Assistant 
Program students, USA ISR, BAMC, Ft Sam Houston, TX 17 Oct 72. 

Long JM Ill: Treatment of Burns. MFSS Physician's Assistant 
Program students, USA ISR, BAMC, Fort Sam Houston, TX 19 Oct 72. 

Wilmore OW: 
Thermal Injury. 

Fluid, Electrolyte and Metabolic Problems Follo.-Jing 
Burn Symposium, Univ of La., Baton Rouge, La. 21 Oct 72. 

McAlhany JC Jr: Treatment of Burns. MFSS Physician's Assistant 
Prcgram students, USA ISR, BAMC, Fort Sam Houston, TX 24 Oct 72. 

Wilmore OW: Nutrition in the Surgery Patient. BGH Surg Residents, 
BGH, BAMC, Fort Sam Houston, TX 26 Oct 72. 

Agee RN: Treatment of Burns. MFSS Physician's Assistant Program 
students, USA ISR, BAMC, Fort Sam Houston, TX 27 Oct 72. 



1-32 

Pruitt BA Jr: Visited the Pronto Socorro para Queimaduras (Burn 
Hospital of Dr. Nelson Pico ·o), and the Universidade Federal de Goias 
School of Medicine, Goiania, Brazil. The following presentations were 
made to the faculty and students attending the course on •~he Treatment 
of Burns", held at the University of Goias Med Sch, Goiania: The Early 
Resuscitation and Fluid Management of the Seriously Burned Patient. 
Wound Care, Including Use of Topical Chemotherapy, Physiologic Dressings; 
Closure of the Burn Wound 
Gastrointestinal Complications of the Burn Patient 
Diagnosis and Treatment of Inhalation Injury. 22-29 Oct 72. 

Er ickson OR: Treatment of Burns. Off Basic Course, MFSS, BAMC, 
Fort Sam Houston, TX l Nov 72. 

Wilmore OW: Metabolic Response to Injury. BGH Surg Residents, BGH, 
BAMC, Fort Sam Houston, TX 2 Nov 72. 

Long JM Ill: Parenteral Hyperalimentation Theoretical and Practical 
Consi~erations. Dept of Surg, Latter Day Saints Hosp, Salt Lake City UT 
10 Nov 72. 

Long JM 111: Intravenous Techniques. Seminar, Primary Chi ldrens 
Hospital, Salt Lake City, Utah 10 Nov 72. 

Pruitt BA Jr: Attended 4th Annual Symposium on Control of Surgical 
Infections, ACS and participated as follows: 

Co-Secretary for Discussion Group IV; 11Sunrnary of Untoward Effects 
and Dangers of Antibiotics. 11 

Chairman, Discussion Group Ill, "Assessment of Risk to Infection 
Related to Treatment and Associated Factors." 

Presentation: "Special Considerations and Recommendations on Anti
biotic Prophylaxis in Relation to Burns" (with JL Hunt) Wash DC 10-11 
Nov 72. 

McManus WF: Care of the Burn Patient. Clinical Pastoral Education 
for Chaplains Course, BGH, Fort Sam Houston, TX 13 Nov 72. 

Pruitt BA Jr: Hypernatremia in Burn Patients (co-author); 
Opportunistic Infections In Surgery. Western Surg Assn Mtg, Rochester, 
Minnesota 15-18 Nov 72. 

The following presentations were made at the Burn Seminar West Cross 
Timbers Council for Health Development, Tarleton State College, Stephen
ville, Texas 16-17 Nov 72: 

Hunt JL: (1) The Treatment of Burns; (2) Co111>lications of Burns. 
Shaffer G: Nursing Care of the Burn Patient. 
Loveless SD: Physical Therapy for the Burn Patient. 
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McGranahan BG: Progressive Patient Care. Health Care Admin Course, 
MFSS, BAMC, Fort Sam Houston, TX 20 Nov 72. 

McGranahan BG: Nursing Care of the Burn Patient. Flight Nurses 
and Technicians, Sch of Aerospace Med, Brooks AFB, TX 21 Nov 72. 

Long JM 111: Potential of Total Intravenous Feeding Complications. 
Food and Drug Admin Board Mtg, Rockville, Md. 22 Nov 72. 

McManus WF: Air Evacuation of Burn Patients. 375th Air Evac Wing, 
Scott AFB, 111. 27 Nov 72. 

Hunt JL: The Treatment of Mass Casualties in Thermonuclear Warfare. 
School of Aerospace Medicine, Brooks AFB, TX 27 Nov 72. 

Long JM I II: Treatment of Burns. Off Basic Course, MFSS, BAMC, 
Fort Sam Houston, TX 1 Dec 72. 

Warden GD: Evacuation and Early Treatment of Thermally Injured 
Patients. Airmen and Flight Crew 507th Med Co (Air Arm) Ft Sam Houston 
TX 1 Dec 72. 

Taylor JW: Burns and Grafting. O.R. Technicians, BGH, BAMC, Fort 
Sam Houston, TX 4 Dec 72. 

Pruitt BA Jr: Panelist, Postgraduate Case on Plastic Sur~ery & 
Burns. Facial Burns. 20th Annual Symp on Trauma, Detroit, Mich 7-9 Dec 
72. 

Reardon JC: Burns - General O.T. Treatment. Occupational Therapy 
Staff BGH, BAMC, Fort Sam Houston, TX 11 Dec 72. 

Pruitt BA Jr: The Institute of Surgical Research as a National 
Resource. Assn Mil Surgeons Anl Mtg, San Antonio, TX 10-12 Dec 72. 

Pruitt BA Jr: What's New In Burn Therapy. Plastic Surgery Grand 
Rounds, Univ of Tex Med Sch, San Antonio, TX 12 Dec 72. 

McManus WF: Advances in Burn Therapy. Medical and Nursing Staff, 
Jenny Edmundson Hospital, Council Bluffs, l<1,1a 13 Dec 72. 

Wilmore OW: Treatment of Burns. Health Class, Roosevelt High 
School, San Antonio, Texas 15 Dec 72. 

S1ogoff S: Shock Lung and Pulmonary Complications of Burns. Dept 
of Anesthesia Residents, BGH, BAMC, Fort Sam Houston, TX 16 Dec 72. 
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The following presentations were made to Physical Therapy Students, 
MFSS, BAHC, Fort Sam Houston, TX 18 Dec 72: 

HcAlhany JC Jr: Treatment of Burns. 
Hall WF: Physical Therapy of Burn Patients. 
HcGranahan BG: Nursing Care of the Burn Patients. 

EXHIBITS 

The following exhibits were displayed at the American College of 
Surgeons Anl Conv, San Francisco, Calif., 2-6 Oct 72: 

"Vascular Complications of Thermal Injury" 

"Evaluation and Utilization of Biologic Dressings on Thermally 
Injured Patients" 

HOTION PICTURES 

The following motion pictures were sho.-Jn at the American College of 
Surgeons Anl Conv, San Francisco, Calif., 2-6 Oct 72: 

11Heterotopic Calcification of the Elbow in Burn Patients" 

"Laboratory and Clinical Evaluation of Porcine Xenograft as a 
Temporary Burn Wound Cover" 
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ABSTRACT 

PROJECT NO. 3Al611O2B71R-O1, RESEARCH IN BIOMEDIC:AL SCIENCES 

REPORT TITLE: CLINICAL OPERATION, SURGICAL STUDY BRANCH FOR 
TREATMENT OF INJURED SOLDIERS 

US Army Institute of Surgical Research, Brooke Army Medical Center, 
Fort Sam Houston, Texas 78234 

Period covered in this report: 1 January 1972 - 31 December 1972 

Investigators: Douglas W. Wilmore, MD, Major, MC 
Albert J. Czaja, MD, Major, MC 
Basi I A. Pruitt, Jr., MD, Colonel, MC 

Reports Control Symbol MEDDH-288(Rl) 

The Surgical Study Branch has contlnued to render clinical care 
to burn and trauma patients admitted to the Institute from all three 
branches of the Armed Forces, in addition to veterans and civilian 
emergencies. 

In addition to the clinical care of the seriously injured, the 
embers of this branch have been concerned with problems relating to 

the metabolic changes following burn injury and alterations in func
tion of the gastrointestinal tract and liver. Both branch members 
have participated actively in various teaching programs both ·on a 
local, national, and international basis. 

Research projects include the definition of the post-traumatic 
metabolic response, the neuroendocrine mediators for this response, 
and the re lationship between energy metabolism and ambient conditions. 
In addition, stress ulcers have been studied extensively by endoscopy, 
biopsy of the gastric mucosa, measurement of acid secretion and back 
diffusion from the stomachs of seriously Injured soldiers. Liver 
function and bllirubin conjugation studies have been determined to 
reflect hepatic alteration following trauma. 

Trauma 
Post-traumatic metabolism 
Combat casualty 
Gastrointestinal function 
Liver fun ct I on 
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CLINICAL OPERATION, SURGICAL STUDY BRANCH FOR 
TREATMENT OF INJURED SOLDIERS 

The three major activities of the Surgical Study Branch are: 
1) primary delivery of medical and surgical care to acutely burned 
soldiers admitted to this institute; 2) clinical and laboratory 
research in problems related to the care and rehabilitation of burned 
patients; and 3) the education of medical and paramedical personnel 
in the care of the seriously injured. 

The delivery of medical care is the prime purpose of this branch 
with emphasis placed on the application of knowledge gained from 
clinical research integrated into management of the seriously injured 
patient. The branch chief serves as ward officer and medical officer 
for Ward 138, and all branch members provide consultation and care 
in the areas of ·metabolism, nutrition, gastrointestinal function, 
and liver function. Techniques and modalities developed in this 
unit are currently applied to the care delivered to seriously injured 
patients who remain hospitalized until all wounds are healed. At 
time of discharge, the patients are referred to their local phys icians 
or specialty centers for attention to specific reconstructive and 
rehabilitation programs or for return to duty. 

Clinical and laboratory research may be placed in the following 
categories: 1) to define the various components of the metabolic 
response following thermal injury; 2) to modify the afferent stimuli 
or neuroendocrine response to injury so as to prevent the ongoing loss 
of lean body mass and body weight. 3) To evaluate the in f luence of 
ambient temperature on energy production following injury. 4) To 
describe the evolution of stress ulcers of the gastric mucosa in burn 
patients and to interrelate with the observed changes such factors as 
gastric mucosa! blood flow, back diffusion, gastric ac id production, 
bowel reflux, and mucus production. 5) To describe the liver dys
function which occurs following injury and specifically relate the 
alterations in bilirubin conjugation to the neuroendocrine response 
which characterizes the catabolic phase of trauma. 6) To optimize 
nutritional support of injured troops, particularly to insure optimal 
energy and nitrogen support by enteral feedings, and safe and effective 
nutritional support by parenteral feedings. 

Finally, all branch members p9rticipate in teaching activities by 
discussing methods of care, research findings and techniques with 
others, both locally and nationally. This has aided understanding 
of the post-traumatic metabolic changes and organ dysfunction which 
occur following thermal injury and added to scientific Interchange 
In these areas of study. 

PUBLICATIONS AND/OR PRESENTATIONS: 
See report of Clinical Division, USAISR 
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US ARMY INSTITUTE OF SURijlCAL RESEARCH 
BROOKE ARMY MEDICAL CENTER 

FORT SAM HOUSTON, TEXAS 78234 

January 1972 - 31 December 1972 

Investigators: 

Gary W. Allen, MD, Major, MC 
Stephen Slogoff, MD, Major, MC 

Reports Control Symbol MEDDH-288(Rl) 

UNCLASSIFIED 



3-ii 

ABSTRACT 

PROJECT NO. 3A161102B71R-01, RESEARCH IN BIOMEDICAL SCIENCES 

REPORT TITLE: ANESTHESIOLOGY 

US Army Institute of Surgical Research, Brooke Army Medical Center, 
Fort Sam Houston, Texas 78234 

Period covered in this report: 1 January 1972 - 31 December 1972 

Investigators: Gary W. Allen, MD, Major, MC 
Stephen Slogoff, MD, Major, MC 

Reports Control Symbol MEDDH-288(R1) 

In 1972, 183 of 301 patients whose disposition was completed at 
the United States Institute of Surgical Research were given 575 anes
thetics at this institute. Of the anesthetics given, 40.9% were 
halothane, with or without nitrous oxide and oxygen, 44% were ketamine, 
with the remainder consisting of nitrous oxide, neuroleptic analgesia, 
and regional blocks. Of those patients receiving anesthesia at the 
Institute of Surgical Research, the mean number of anesthetics per pa
tient was 3,14. Five major intraoperative complications occurred 
during the year and will be discussed in detail in the text. No intra
operative deaths occurred. In addition, approximately 60 patients 
underwent about 250 exposures to subanesthetic ketamine for debride
ment or dressing change in the Hubbard tank. This also will be dis
cussed in detail in the text. 

Anesthesia 
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ANESTHESIOLOGY 

The following is a description of current anesthetic practices 
and techniques at the US Army Institute of Surgical Research. Per
tinent statistical data are included in this report. 

PREOPERATIVE PREPARATION 

Patients for elective surgery are held NPO after midnight. This 
usually Involves a fasting period of some 8-14 hours. Infants and 
children through age four are permitted clear liquids until 0400 hours. 
Using this regimen, we have had no vomiting or aspiration of stomach 
contents on Induction In patients for elective surgery. Seriously ill 
or dehydrated patients are given intravenous fluids preoperatively, 
including Ringer's lactate and 5% dextrose in Ringer's lactate or 
saline solution. Solutions designed for pediatric use are given to 
Infants and children. 

HEHODYNAMIC AND RESPIRATORY ASSESSMENT 

All acutely ill patients have arterial blood gas determinations 
made dally until their status improves at which time the frequency 
of determinations ts decreased. By knowing these values preoperatively 
in all seriously ill patients, we are able to adjust our anesthetic 
techniques accordingly. Patients who are hypoxemic and require ven
tilatory assistance are transported to and from the operating room with 
the administration of 100% oxygen, given by positive pressure, uti
lizing either a Jackson Rees modification of the Ayre's T-piece (Smith 
R, Anesthesia for Infants and Children, St. Louis, C. Mosby Co., 1968) 1 
or a Bird respirator. Once In the operating room, patients requiring 
ventilatory assistance may be ventilated manually or with an Air Shield 
anesthetic ventilator. Circulatory status is assessed by hematocrit, 
serum electrolytes and serum osmolality, and urine output, in addition 
to direct or indirect measurements of blood pressure. Central venous 
pressure measurements are taken on seriously ill patients. 

PREHEDICATION 

In general, no narcotics, barbiturates, or anorectics are given 
preoperatlvely to adult patients. Rather, atropine, 0.01 mg/kg, is 
given intravenously 10 minutes prior to Induction of general anesthesia. 
Patients receiving regional anesthesia (regional nerve blocks, spinal, 
and epidural anesthesia) do receive premedicatlon consisting of a bar
biturate, antlcholinergic, and occasionally a narcotic (morphine or 
DemerolR) or anorectic (VallumR). Pediatric patients generally receive 
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a narcotic plus an anticholinergic agent preoperatively in order to 
allay anxiety and induce a state of quiescence (Smith R, Anesthesia 
for Infants and Children, St. Louis, C. Mosby Co., 1968). 

TYPES OF ANESTHESIA 

A. GENERAL ANESTHESIA 

1. Halothane with or without nitrous oxide in oxygen 

Approximately 40% (40.9) of the anesthetics at our insti
tution are performed with this combination of agents due to ease of 
administration, tranquil induction and emergence, relative lack of long 
lasting cardiovascular depression, and nonflammabil ity. We have to 
date observed no cases of halothane hepatotoxicity. Since the inci
dence of this complication is approximately one in 10,000 patients, 
this seems to be an acceptable risk when it is weighed against the 
great advantages of the use of this agent in the burn patient (Klatskin 
G, Kimberg DV, New Eng J Med 380:512-522, 1969) .2 Thiopental (2 to 
4.5 mg/kg) or ketamine, intravenously (2 mg/kg) are used in about half 
of these patients for induction of general anesthesia with no deleter
ious effects observed. The remainder are induced with inhalation tech
nique. Using this form of anesthesia, we have not observed any signifi
cant incidents of prolonged emergence or postoperative grogginess, even 
in patients who receive thiopental or ketamine inductions, provided that 
the last incremental dose of the intravenous agent was given more than 
30 minutes before the end of the case. 

2. Nitrous oxide-relaxant 

This technique is often used In very seriously ill patients 
for laparotomies and other major procedures (amputations, etc . ) du~ to 
Its relative lack of cardiovascular depression. Since the technique 
requires controlled respiration, the trachea is intubated. Relaxants 
employed include d-tubocurarine and gallamine, both nondepolarizlng 
relaxants. The latter has been shown not to raise serum potassium in 
burn patients (Carr J, Kitchings OE, Garfield JH, e t al, Unpublished 
data presented at annual meeting of the American Society of Anesthesi
ologists, San Francisco, California, October 1969) .3 Succinylcholine 
is rarely used except for acute emergencies due to its tendency to 
cause severe rises in potassium from about postburn day 15 through 
postburn day 90 (Schaner PJ, et al, Anesth Analg (Cleveland) 48:768-
770, 1969),'+ 
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3, Ketamine 

Ketamine is an intravenous "dissociative" general anes
thetic which has been available for clinical use for approximately 
three years. Approximately one-half (44%) of our anesthetics in the 
operating room are now administered with this agent. Its use for 
debridement, skin grafting, various orthopedic procedures, and for 
certain ward procedures, has been an excellent addition to our anes
thetic armamentarium. Since cardiovascular reflexes and tone are wel 1 
preserved and a patent airway with good ventilation is usually main
tained, even in the lateral and prone pos i tions, this anesthetic has 
permitted numerous operations to be carried out without the use of an 
artificial airway. This fact alone should significantly decrease 
anesthetic morbidity. However, it must be emphasized that occasionally 
airway stability is not maintained. One intraoperatlve complication 
occurred with ketamine in 1972 and will be discussed in the Case 
Report Section. 

4. Subanesthetic ketamine 

Ketamine has been demonstrated to have analgesic effects 
in subhypnotic doses, both experimentally and in limited clinical 
trials of postoperative pain relief. This year, 60 patients were given 
250 (range 1-13) intramuscular administrations of subanesthetic keta
mine for Hubbard-tank debridement and dressing changes consequent to 
thermal injury. A dose of 1.5 mg/kg (15% of the usual anesthetic dose) 
was selected after a brief pilot study showed that larger doses pro
duced complete unconsciousness in a high percentage of patients and 
smaller doses resulted in a high incidence of reaction to surgical 
stimulation. 

Onset of action occurred two to six minutes after injection and 
was heralded by nystagmus, psychic relaxation, and a blank affect. 
Useful analgesia lasted an average of 14 minutes, and recovery or orien
tation occurred approximately 20 minutes after administration of the 
drug. The mean time from Injection to acceptance of oral alimentation 
was one hour. 

During debrldement, the patients were observed for signs of inad
equate effect. Involuntary movements, a problem commonly found with 
ketamine anesthesia, occur red in 8% of all exposures; minimal restraint 
was required in only 2%. Vocalization or screaming in response to pain 
occurred in 9% of exposures. However, many patients were able to par
ticipate In intelligent conversation while denying the sensation of 
pain. Withdrawal from painful stimuli requiring supplementation did not 
occur. Amnesia was complete in al 1 exposures. 
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Tolerance to ketamine, a previously undescribed phenomenon, was 
observed In virtually all patients receiving more than two exposures. 
This was manifested by a decreasing duration of effective anal~esia 
despite a progressively increasing amount of ketamine required and 
administered to achieve the proper level of anesthesia. Complications 
occurred In only two trials and were easily managed. 

In summary, for brief but potentially painful and unpleasant ex
periences, administration of intramuscular subanesthetic doses of 
ketamlne has proven to be a valuable technique with minimal compl ica
tions or interference with oral alimentation. 

B. REGIONAL ANESTHESIA 

Our criteria for regional anesthesia are that a candidate for 
a nerve block must not be septic, must have a normal mental status, 
and must not have burns or local infection at or immediately adjacent 
to the site of the proposed nerve block. By following these guide
lines for selection of patients, we have had no complications with 
regional anesthesia and no incidence of infection or sepsis after nerve 
blocking was noted. 

MONITORING TECHNIQUES 

Below is an outline of our current monitoring techniques for pa
tients under anesthesia: 

A. CIRCULATION 

1. Precordial and/or esophageal stethoscope. 

2. Pulse monitoring by (a) one finger over pulse; (b) optical 
pulse sensor placed on finger. 

3. Blood pressure cuff (when feasible to apply). 

4. Central venous pressure (CVP) assessment. 

5. EKG (major cases and seriously ill patients). 

6. Sponge weighing; major cases. 

7. Special measurements of urine output during surgery. 
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B. RESPIRATION 

1. Counting of respiratory rate. 

2. Observation or chest and rebreathing bag. 

3. Auscultation of chest. 

4. Determination of tidal volume by Drager respirometer inanes
t~esla circuit. 

5. Periodic assessment of blood gases intraoperatively when indi
cated. 

C. TEMPERATURE 

1. Rectal or esophageal thermistor · probe; routine for cases lasting 
more than 45 minutes and in all children. 

It should be noted that the K-thermia heating-cooling blanket has 
proved to be of significant value in maintaining body temperature when 
large areas of the body are exposed. In addition, it can help to lower 
body temperature rapidly and safely when a febrile episode occurs intra
operatively. Ambient temperature in the operating room is maintained at 
71-72° F., and this has been shown to be of benefit in minimizing heat 
loss. Difficulty In maintaining the temperature of most children and 
some adults is still a problem and techniques and devices to overcome 
this are being evaluated at the present time. 

COMPLICATIONS 

Case No. I 

Presentation of Tracheo-esophageal Fistula During Anesthesia 

This 18 year old white male sustained a 56% total body surface burn 
In an automobile accident. This burn was comp I icated by a severe in
halation Injury which required intubation and mechanical ventilation. 
Tracheostomy was performed on the fourth postburn day. His course was 
complicated by pneumonia due to Pseudomonas aeruginosa, intermittent 
gastrointestinal hemorrhage, and persistent respiratory failure. On the 
20th postburn day, the gastrointestinal hemorrhage increased signifi
cantly and an attempt of local epinephrine Infusion through the celiac 
artery produced no diminution in bleeding. He was taken to the oper
ating room for gastrectomy on the 21st postburn day. Anesthesia was 
Induced with ketamlne and maintained via the tracheostomy with nitrous 
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oxide and oxygen, and supplemental ketanlne and gallamlne. Approxi
mately one and one-half hours into the procedure, it was noted that a 
gas leak had developed In the trachea, and emergency bronchoscopy 
confirmed the presence of a tracheo-esophageal fistula approximately 
3 cm above the carlna at the site of the tracheostomy tube. The 
operation was canpleted with the Insertion of a Carlens tube for venti
lat Ion. · The patient tolerated the procedure wel 1. No aspiration was 
apparent. After the operation, two 6.5 mm nasotracheal tubes were in
serted In each malnstem bronchus and the patient was adequately venti
lateJ in the Intensive Care Unit. The patient did well for approxi
mately one week; renal failure then developed, and he died 11 days 
postoperatively secondary to electrolyte imbalance associated with 
renal failure. 

Conment. This is the first known case of the presentation of a 
tracheo-esophageal fistula during operation. Management of the airway 
was as described In one other case In the literature, and it is felt 
that this canpl ication played a minor, If any, role In the patient's 
demise. 

Case No. 2 

Cardiac Arrest During Surgical Oebrldement 

This 19 year old male received a 24% second and third degree elec
trical burn. Extensive muscle necrosis occurred In the left upper ex
tremity and right lower extremity. Acute tubular necrosis developed on 
the first postinjury day. On the second postburn day, the patient was 
taken to the operating roan where extensive debridement was performed 
and tennlnated after blood loss exceeded 4,000 cc. Replacement was 
deemed adequate at that time. On the fifth postburn day, the patient 
was again taken to the operating room for insertion of an AV shunt and 
further debridement. Anesthesia was Induced with halothane and 50% 
nitrous oxide and oxygen, and Intubation was carried out without diffi
culty. Monitoring was limited to electrocardiogram, central venous 
pressure, and peripheral pulse. 

After two hours and 45 minutes of the procedure, the peripheral 
pulse suddenly ceased and the electrocardiogram exhibited a straight 
line. Resuscitation was carried out utll izlng sodium bicarbonate, 
lntracardlac epinephrine, calcium chloride, and an lsuprel drip. Hear 
beat returned to a nonnal sinus rhythm with adequate peripheral perfu
sion. The patient was returned to the Intensive Care Unit and was 
placed on a ventilator. No localizing signs were present on neurologic 
examination; however, the patient was extremely obtunded and would 
respond only to deep pain. His course went progressively downhill with 
Increasing renal failure, and, on the seventh postburn day, he was 



3-7 

taken to the operating room for tracheostomy and fu r ther deb r idement. 
Significant hemorrhage occurred, which required large volumes of blood 
replacement. Hernodialysls was carried out on that day, and the patient 
demonstrated some electrolyte improvement. On the ninth postburn day, 
the patient was noted to have fixed and dilated pupils with no response 
to pain. On that day, blood pressure and pulse fell rapidly, and the 
patient was pronounced dead. 

Co:nnent 

Cardiac arrest in the operating room occurred after an extensive 
debridement with significant blood loss in a patient in renal failure. 
It Isbel ieved that the etiology of the cardiac catastrophe was secon
dary to hypovolemia and probable hyperkalemla secondary to renal fail
ure. There Is no doubt that this complication contributed to the pa
tient's demise; however, considering the patient's preoperative condi
tion and the limited ability to monitor this patient during a prolonged 
surgical procedure, prevention of such a complication Is almost Impos
sible. 

Case No. 3 

Apnea and Seizures Following Ketamlne Induction 

This 45 year old white male sustained a 22% total body surface 
electrical burn when he fell across a power line that was down and was 
unable to get disengaged. Entry point was at the right side of the neck 
and exit point In the right ankle. Physical examination at the time of 
admission demonstrated the electrically induced lesions and an organic 
brain syndrome. Resuscitation and hospital course were uneventful, and 
several debridements were carried on In the operating room utilizing 
halothane anesthes·a. On the 20th postburn day, he was taken to the 
operating room for split-thickness autografting. Induction was carried 
out utlllzlng ketamine, 2 mg/kg. The patient became apneic and did not 
start breathing properly. Diffuse tonic and clonic seizures developed 
coincidentally. The patient was easy to ventilate manually. Paralysis 
was Induced with gallamlne and anesthesia was converted to halothane, 
nitrous oxide, and oxygen. The rest of the operation and anesthetic was 
carried out without difficulty. The patient recovered postoperatively 
with no sequelae. 

C01m1ent 

Seizure-like activity Is being described more frequent)~ with keta
mlne anesthesia and has been defined In subhuman primates by several 
Investigators. There Is some speculation that this Is the mechanism of 
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ketamine anesthesia. Although ketanine is widely used In this insti
tution, we rarely see such complications. In a previous such episode, 
no sequelae were observed, as was the case here. 

Case No. 4 

Cardiac Arrest During Bronchoscopy 

This 19 month old male sustained an 83.5% total body surface third 
degree burn secondary to a gas water heater explosion. He was trans
ferred to the Institute of Surgical Research, where resuscitation was 
extremely difficult and the patient required three to four times what 
would be predicted by thE Brooke Formula. On the second postburn day, 
massive edema had developed In his burn wounds but serum electrolyte 
levels were within normal limits. On that day, he developed a respira
tory arrest, presl.111ably due to cerebral edema. He was intubated and 
mechanical ventilation begun using the Bird respirator. He was stable 
for 24 hours when he experienced an atelectasls of the right upper lobe. 
He was taken to the operating room for bronchoscopy, which was performed 
with oxygen adnlnlstratlon via the ventilating bronchoscope. Shortly 
after Initiation of the procedure, a cardiac arrest developed, which 
responded to Intubation and good ventilation. The patient left the 
operating room with a cardiac rate of 30. A tracheostomy was performed 
on the ward that same day. Repeat chest film demonstrated an 80% 
pneumothorax on the left and a chest tube was placed. He remained 
stable throughout the day, but required an lsuprel drip to maintain an 
adequate cardalc output. Renal failure developed rapidly over the next 
few days, at which time the patient experienced a cardiac arrest and 
resuscitation was unsuccessful. 

Conwnent 

Ventilating bronchoscopes are probably extremely safe In people 
without significant shunts. In this particular case, with a right 
upper lobe atelectasls, the combination of a significant intrapulmonary 
shunt and the somewhat borderline ability to ventilate adequately 
through the ventilating bronchoscope contributed to this cardiac arrest 
on the basis of hypoxemla. 

Case No. 5 

Cardiac Arrest During Debrldement and Autografting 

This patient was a 31 year old male caucasian, who sustained a 
74.5% total body surf~ce burn during a house fire. Bronchopnell11onia 
and a severe tracheobronchltls necessitated a tracheostomy approximately 
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two weeks postburn, and the patient required positive pressure venti
lation intermittently throughout his hospital course. He had required 
numerous anesthetics for burn wound debridement, various orthopedic 
procedures, and bronchoscopies prior to the anesthetic in question. On 
the 64th postburn day, he was brought to the operating room for split
thickness skin grafting of his chest, both upper extremities, and both 
lower extremities, and for disarticulation of the second, third, and 
fourth left toes at the DIP joints. Anesthesia was induced with halo
thane, nitrous oxide, and oxygen, given via the tracheostomy. Blood 
pressure was not monitored because of the absence of appropriate moni
toring site. The patient's status was assessed by the quality of 
peripheral pulses and by assessment of adequacy of ventilation. Two 
hours after induction, peripheral pulses were lost and ventilation 
ceased. External cardiac massage was immediately begun, and the patient 
was ventilated with oxygen. One milligram of epinephrine and 88 mEq of 
sodium bicarbonate were given intravenously and volume replacement was 
begun. Good perfusion, manifested by peripheral pulses and constriction 
of pupils was maintained throughout the arrest, which lasted approxi
mately five minutes. Pulses returned approximately three minutes after 
epin phrine administration. The procedure was terminated; two units of 
whole blood were administered, and the patient was returned to the re
covery room where he was noted to be alert and could respond rationally 
to conmands. The patient subsequently died approximately two and one
half months later following superior mesenteric artery occlusion with 
necrosis of the small and large bowel, with severe suppurative perito
nitis and septicemia. 

Comment 

Cardiac arrest In this case resulted from Inadequate volume re
placement in a patient whose circulatory status could not be properly 
evaluated. Blood loss at the time of arrest was estimated at 500 cc. 
This, combined with peripheral vasodilatation from halothane anes
thesia, was poorly tolerated in this seriously 111 patient who may have 
had borderline hypovolemia prior to his operation. 
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Table 3. Techniques of Anesthesia, USAISR - 1972 

Technique 

Halothane 

N20, 02 

Ketamine 

Ketamine alone 171 

Ketamine with N20 82 

Neuroleptanalgesia 

Total General Anesthetics 

Local Infiltration & Topical 

Axillary Block 

Spinal Anesthesia 

Total Local Anesthetics 

All Anesthetics 

Number 

235 

75 

253 

1 

564 

9 

1 

1 

11 

575 

Per Cent 

40.9 

13.0 

44.0 

.2 

98.1 

1.6 

.2 

.2 

1.9 

100 
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Humans 
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CLINICAL OPERATION, METABOLIC BRANCH, RENAL SECTION, 
FOR TREATMENT OF SOLDIERS WITH RENAL FAILURE 

The renal section is composed of the Chief of the section, a 
nephrologist, Medical Corps and th~ee enlisted technicians, including 
an NCOIC and Is physically located on Ward 13B. The unit encompasses 
a one bed acute dialysis unit and two hemodialysis machines, one a 
proportioning unit and the other a portable system for use in instances 
where the patient cannot be moved to the Hemodialysls Unit. The primary 
mission of the Renal Section is to support the operation of the Clinical 
Division of the Burn Unit providing both consultation for patients with 
renal and metabolic problems and hemodialysis in cases of renal failure. 
A secondary mission of the unit has been to support the Nephrology 
Service of Brooke General Hospital. The USAISR hemodialysis unit now 
provides backup support when necessary and assists in treatment of 
cases of acute renal failure ccurring at Brooke General Hospital. 
The USAISR nephrology staff continue to participate actively in the 
hospital nephrology training program. The chief of the Metabolic 
Branch directs the BAMC Nephrology Service and the Chief of the Renal 
Section directly supervises the Brooke Army Medical Center Hemodialysis 
Unit. 

Patients are dialyzed using an external A-V sialastic shunt or 
an internal A-V fistula to provide access to the circulation. One pa
tient during the reporting period wa~ dialyzed using a Sheldon cath
eter inserted into the femoral artery with return through a peripheral 
vein. Also during the reporting period the unit acquired a Vital 
Assist Unicontrol Pump System which enables one to dialyze using only 
one venous catheter. In general acutely ill patients are dialyzed 
using regional heparinization but the patients with chronic renal fai
lure are dialyzed using systemic heparinization. Dialyzers used during 
the reporting period include the Travenol 145, UF 100, Ultra Flow II, 
Extracorporeal EX-II, and EX-P. 

From I January to 31 December 1972 a total of 28 patients were 
dialyzed for a total of 678 dialyses (Table I). 

In addition to the dialysis support provided to the Hospital and 
the unit, several pilot studies have been initiated. A new technique 
for measuring blood clotting times on patients receiving regional 
eparlnization while being hemodialyzed is being investigated. This 

technique(Bason Clotting Test) would provide a faster clotting time 
thus allowing better control of heparin administration. Also under 
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investigati{o~ are the changes in dialysance of creatinine, urea, 
and Glofi 1 RJ with 50, 100, and 150 mm Hg of pressure applied to 
cellophane or cuprophane dialyzers via an external cuff around the 
dialyzer. 

PRESENTATIONS: 

Rogers N: Renovascular Hypertension, Grand Rounds , Dept of Med , 
Brooke Army Medical Center, 21 July 1972 

Rogers N: What is Diabetic Glomerulosclerosis - Combined Renal 
Conference, University of Texas Southwest Medical School at San 
Antonio, San Antonio, Texas 78229 , 2 Augu s t 1972 

Rogers N: Uncontrollable Thirst As socia ted wi t h Hy pe r reni nemi a 
in a Patient on Chronic Hemodialysis. 11 Southeas l f' ,·n Di a ly i & 

Transplantation Association 7th Annual Meet in g, Bolixl, Mi s i ss ippi, 
12 August 1972 . 

Bristow BF : Renal Diet Exchange System, Food Sv Div , BGH , For t 
Sam Houston, Texas, 14 August 1972. 

Rogers Pw: Evaluation of the Urina.-y Sedimen t , Neph ;0 lo!) ~• T~aching 
Conference, Department of Medicine, BAMC, 13 Septembe r 1972 

Bristow BF: Dietary Management of Home Dialysis Patients . Kidney 
Foundation, Univer s ity of Texas Medical School, San Antonio , Texas 
September 1972 

Rogers Pw: A Study of the Renin Angiotensin System in the Thermally 
Injured Patient , V International Congress of Nephrology, Mexico City 
Mexico, 12 October 1972 

Merrill RM: Anatomy of the Kidney, Nephrology Teaching Conference, 
Dept of Med, Brooke Army Medical Center, 4 October 1972 

Bristow BF: Nutrition in Renal Disease, Calculation of Diets. BGH, 
Dietetic Interns, BHJ, Fort Sam Houston, Texas 19 October 1972. 

Rogers Pw: Renal Physiology, Anesthesiology Staff, Brooke Army 
Medical Center, Fort Sam Houston, Texas, 28 October 1972. 
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Rogers PW: New Concepts Related to the Renin-Angiotensin-Aldosterone 
System, Dept Med., BAMC. 6 November 1972. 

Rogers PW: Water Metabolism - Renal Physiology Seminar, Dept of 
Medicine, BAMC, 13 November 1973 

Rogers PW: Renal Artery Stenosis, Hypertension, and Hyporeninemia, 
Combined Renal Conference, UTSW Med School at San Antonio, San Antonio, 
Texas, 15 November 1973. 

Merrill RM: Renal Tubular Acidosis, Nephrology Teaching Conference, 
Department of Medicine, BGH, 4 December 1972. 

Rogers PW: Idiopathic Nephrotic Syndrome, Combined Renal Conference, 
UTMS at San Antonio, San Antonio, Texas, 10 January 1973, 

Rogers PW: Chronic Renal Failure, Nephrology Teaching Conference, 
Dept of Med, BAMC, 5 February 1973, 

Rogers PW: Primary Aldosteronism, Noon Conference Beach Pav.,Dept 
of Med, BAMC, 8 February 1973. 

Rogers PW: Consequences of Chronic Renal Failure, Veterans Admin
istration Medical Staff, San Antonio, Texas, 22 February 1973. 

Rogers PW: Metabolic Alkalosis, Anesthesiology Staff, BAMC, 3 March 
1973, 

Rogers PW: Hyperreninemia in the Thermally Injured Patient, American 
Burn Association Meeting, Dallas, Texas, 3 April 1973. 

Rogers PW: Availability of Hemodialysis in 1973, Southwest Kidney 
Foundation, University of Texas SW Medical School at San Antonio, 
San Antonio, Texas, 19 April 1973. 
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CLINICAL OPERATION , METABOLIC BRANCH, RENAL SECTION, 
FOR TREATMENT OF SOLDIERS WITH RENAL F ILURE 

DEVELOPMENT OF A DIET MANUAL FOR PATIENTS WITH RENAL 
FAILURE 

US Army Institute of Surgical Research, Brooke Army Medical Center, 
Fort Sam Houston, Texas 78234 

Period covered in this report: I July 1972 - 30 June 1973 

Investigators: Mary E. Spitzer, Captain, AMSC 
Barbara F. Bristow, Lieutenant, AMSC 
Philip W. Rogers, MD, Major , MC 

Dietary management is a major part of the treatment for renal 
disease, requiring attentive and thorough instructions. As a 
result of advances and improvements in hemodialysis , an extremely 
restricted diet is not necessary. 

The diet manual discussed has been developed for use by both 
dietitians and patients. Based on a food exchange system, it has 
greatly simplified the dietitian's work in planning and calculating 
a meal pattern. 

Values were obtained from USDA Handbook #8 with additional 
values for Na and K+ from analyses performed at the USAISR. 

This diet system has been in use for the past 10 months, and 
has greatly increased the time av~ilable for patient instruction. 

Dietary management 
Food exchange system 
Diet manual 
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DEVELOPMENT OF A DIET MANUAL FOR 
PATIENTS WITH RENAL FAILURE 

The patient with acute or chronic renal failure faces many problems 
throughout the course of treatment. One such problem is learning to 
manage a diet with controlled amounts of protein, sodium, potassium and 
fluid. 

In the hospital the patient's diet is calculated exactly each day 
to within two grams of the prescribed amount of protein, and one milli
equivalent of sodium and potassium. This is tedious and requires time 
that could be spent instructing the patient. 

A simple, straight forward system that both the patient and dietitian 
could use was needed. The outline below gives the major areas of discus
s ion: 

I. Introduction 

A. Kidney Function 

B. Purpose of Diet 

II. Dietary Constituents 

A. Fluid 

B. Calories 

C .• Protein 

D. Sodium 

E. Potassium 

III. Renal Diet Exchange System 

A. Explanation of Food Groups 

B. Learning Activities for Patients. 

IV. Food Preparation Techniques 

A. Measuring 
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B. Recipe Se I ect ion 

C. Buying & Storing Foods 

D. Ideas for Seasoning 

v. Food Groups and Nutritive Values 

A. Sunmary of Exchange Values 

B. Meats I & II 

C. Breads & Cereals I & II 

D. Fruits & Juices 

E. Vegetables 

F. Potatoes 

G. Dairy 

H. Beverage 

I. Items that may b used f ree ly 

The basis of the diet exchang , system consists of the food 
groups mentioned above. The meat I and bread and cereal I contain 
less sodium (0.9 , 0.24 mEq/serving les s than meat II and bread and 
cereal II which contain 3.6 and 8.6 mEq/per serving respectively.) 

Values for calories, protein , sodium, potassium, calcium, and 
phosphorous were obtained from USDA Handbook #8 . Sodium and Potassium 
values for some foods were calculated fro~ analyses performed at USAISR. 

The values for the meat groups are based on I ounce (30 gm) 
cooked-weight portions. Values for the remaining food groups are 
based on the gram weights of small to average portions (1/4 cup , 1/3 
cup, or 1/2 standard serving). 

Mean values for calories, protein, sodium, potassium, calcium 
an.d phosphorous were calculated for each group. These values were 
then used to calculate the diets according to a given prescription. 
Table I is a sunmary of the exchange va lues. 
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TABLE I 

SUMMARY OF EXCl'ANGE VALU[S 

FOOD LIST CAL PROTEIN SODIUM POTASSIUM CALCIUM PHOSPHOROUS 
g mEq mEq mg my 

MEATS 63 8.4 0.92 2,90 4 70 
21 mg 112 mg 

MEATS 11 81 S,6 3,60 1.40 29 67 
83 mg SS mq 

BREAD & CEREAL 103 2,3 0.24 I ,OS 11 "8 
6 mg 41 mg 

tlREAO & CER l llL II 100 2.s 8.60 I. 20 24 40 
197 mg 47 mg 

FRUITS & JUICES S9 o.s O. II 2.7S II 11 
2 mg 107 mg 

VEGETABLES 19 1.1 o. 37 2.89 21 23 
9 mg 11) mg 

POTATO 91 1. S D.SO 6.os 18 42 
12 mg 2)6 mg 

DAIRY 147 3,7 2 ·"o 4.00 120 96 
SS mg IS6 mg 

BE VE RAGE 46 0,31 0.11 
7 mg 4 mg 

* Coffee and tea frOffl the BEVERAGE LIST contain an avcqgc of ) ca lorh s, 
0 grams protein, trace of sodium, and 1.4 m( q (SS mg) ~otassium p<-r 120 ml, 
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Tables II and III illustrate Breads & Cereals I and Breads 
and Cerea Is II. 

In using this type of system, it is possible that a patient 
might select foods with actual values higher than the mean. To 
evaluate this, a menu plan for 70 grams protein, 50 mEq potassium 
and 43 mEq sodium was calculated from the exchange values. Using 
the foods from the hospital menu, the actual value of the foods 
used was calculated. 

The differences b~tween the exchange and actual food values 
are indicated in Table IV. The differences noted were not signi
ficant when patients followed the exchange plan. The range for 14 
days was 65.l - 79.6 grams protein, 50.6 - 58.7 mEq potassium, and 
34.8 - 49.5 mEq sodium. These values were random, not from the same 
day's menu. 

Table V shows a sample menu plan for a 70 gm protein, 50 mEq 
potassium, and 43 mEq sodium diet. This is only one possibility; 
varied plans may be calculated to suit the individuals needs. 

An extensive file of recipes was developed for use by renal 
patients. These require the use of a special baking mix and high 
carbohydrate supplement. These recipes can be attached to the diet 
manual in a separate annex for those patients who need or wish to 
use them. 

The exchange system has considerably reduced the time needed 
to calculate renal diets, allowing the hospital dietitians to spend 
their time instructing the patient. 

PRESENTATIONS AND P BLICATIONS: 

Dietary Management of Home Dialysis Patients. Kidney Foundation, Univ 
of TX ~ed School, SAn Antonio, Texas September 1972. 

Nutrition in Renal Disease, Calculation of Diets. BGH Dietetic Interns , 
BGH, Fort Sam Houston, Texas, 19 Oct 1972. 

No Pul:>l lcations. 
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TABLE 11 

FOOD LISTS 

BREADS AND CEREALS I 

One serving contains an average of 103 calories, 2.3 grams 
protein, 6 mg sodium, 41 mg potassium, II mg calcium, and 48 mg 
pho~phorous. 

YOU ARE ALLOWED SERVINGS PER DAY ---
FOOD ITEM HOUSEHOLD MEASURE WEIGHT 

BREADS : 

White bread, low sodium 
RF White bread ·.~ i thout sa It 
RF Rye bread without salt 

TORTILLAS : 

Masa Harina, Quaker 

CEREALS : 

Dietetic cornflakes , Van Broce 
Ri r. e , puffed, Quaker 
Wheat, puffed, Quaker 
Wl,eat, shredded, Quaker 
Oc1tmea I, c:ooked 
arina , regular, enriched, cooked 

Crnamof rice, cooked 
Cream of wheat, cooked 
Corn grits, cooked 

Rice, white , cooked 
Rice, brown, cooked 
Rice , precooked instant 

Noodles, enriched, cooked 
Macaroni, enriched , cooked 
Spaghetti, cooked 

RF Coffee cake 

ADDITIONS : 

s I ice 
s I ice 
s I ice 

1/3 cup dry or 
2 corn tort i 11 as 
611 in diameter 

cup 
1/4 cup 

I 1/3 cup 
2 biscuits 
1/2 Clip 
1/2 cup 
1/2 cup + 2 Tbsp 
1/2 cup 
1/2 cup 

3/4 cup 
1/2 cup 
3/4 cup 

1/2 cup 
1/2 cup 
1/2 cup 

1/8 cake 

23 

30 
15 
15 
38 

127 
75 

128 

80 
70 
80 
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TABLE II I 

BREADS AND CEREALS II 

One serving contains an average of 100 calories, 2.S grams protein, 
197 mg sodium, 47 mg potassium, 24 mg calcium, and 40 m3 phosphorous. 

YOU ARE ALLOW ED ____ SERVJNGS PER DY 

FOOO ITEM 

Biscuit, home recipe 
White bread, regular 
Rye bread, Ameri can 
Whole wheat bread 
Raisin bread, plain 
Cornbread, hcrne recipe 
French or Vienna bread 
I ta Ii ar. bread 
Hamburger bun 
Hot dog bun 
Dinner rol 1 
Sweet rol 1 

Hasa trigo, wheat tortillas 

Graham crackers 

Cherri e s, General Hills 
Cornflakes, Kelloggs 
Crapenuts, Post 
Crapenuts flakes, Post 
Honeyccrnb, sweet corn cereal 
Lucky charms, General Mills 
Pep, Kel loggs 
Rice Krispiu, Kel loggs 
~ugar Pops, Ke 11 oggs 
Wheaties M Total, Gen Hi 11 s 

AODITIONS1 

HOUS EHOLD MEAS URE 

one , 2" di ame tcr 
I s Ii ce 
I slice 
I slice 
I sli ce 
2" square 
I s i ice 
I s li cc 
I rol I 
I rol I 
I medium 
I medium 

1/3 cup uncook ed 
2 tort i I las, 611 diametH 

4 squares 

1 cup 
: 1/3 cup 

¼; cup 
2/3 cup 
I 1/3 cup 
I cup 
I cup 
I cup 
I cup 
I cup 

GR~ WEIGHT 

35 
23 
23 
23 
23 
4S 
20 
20 
50 
50 
so 
50 

28 

25 
30 
28 
28 
28 
26 
30 
28 
30 
28 
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TABLE II 

SAMPLE M[NU PLAN 
Calculated from exchange 

70 grams protein 
50 m[q potassium 
43 mEq sodium 

gm m[q mEq mg mg FOOD GROUP SERI/ CAL PRO SODIUM POTASSIUM Ca p 
Fruit & Juices 59 0 .5 0 . II 2,75 II II Bread & Cereal 10] 2 , 3 0 . 24 1.05 II 48 
Bread & Cereal II 100 2. 5 8.60 I . 20 24 30 Meat II 2 162 II . 2 7. 20 2 .80 58 1]4 
Dairy 

147 ] . 7 2.40 4.00 120 96 

Meat I 2 126 16 .8 1.84 5.80 8 140 
Potatoe 

91 I . 5 0 . 50 6 .05 18 42 
Vegetables 2 ]8 2. 2 0. 74 5. 78 42 46 
Fru It 

59 0.5 0 . II 2.75 II II 
Bread & Cereal II 100 2, 5 8.60 I . 20 24 40 

Meat I 2 126 16 .8 1.84 5 . 80 8 140 
Bread & Cereal 10] 2.] 0. 24 I. 05 II 48 
Vegetabl e 19 1.1 0. ]7 2.89 21 2] 
Fru i I 2 118 I . ll 0.22 5. 50 22 22 
lread & Cereal II 100 

2+- 8.60 1. 20 24 40 TOTAL i"lisr 67. 4T6I 49.°82 m 881 
lut ter , SF 10 I sp 509 ]58 0 . ]0 0 . 23 0 . 34 10 8 Jelly , 2 Tb sp 30g 81 0,03 0 .22 0. 58 Whipping er am 609 211 I . 3 I 0.83 I . ]8 45 ]5 Sugar . 4 tsp 20y 77 Coffee, 240 cc - ~ 1.60 2 -L 11 7,, W,ol; 9 5].72 7;jo 929 



a. Nfl "•Iv ,v .. •• •· •••• o, tu1111••• 
72 07 01 D. CHANGE 

10. NO, / CCl OH:• .. ,. .... 
1. '"'"'' , ~ ............. c,..., ....... c ... 

(U) Detection of Endotoxin in Burned Soldiers with Sepsis (44) 

& OA fll/1,,IC T' IVI : la"taATMNI: 

·*"" . 1 5 It. •v••••i• 
C. '""•= 'AIIOU• T: •••• --..,.....---it---------+--------1 

r. CUM . AIIIT • 74 .2 8 
.•. ···"°"'' ... 000 ........ , ... • . ... ••-ONOA•ll&T 

··••·· · US Arrrry Institute of Surgical Research 

78234 

••••• US Army Institute of Surg!cal Research 
•-••• Cl lnlcal Division 

Ft: Sam Houston, Tx 78234 Ft Sam Houston, Tx 

Hlt'ON .. 91.I 1•0tV1DIIAL. 

"""" Basil A Pruitt, Jr, COL, HC 

ac1••1. .. ve,,, •• ," ,,..., ...... "u., .• .....,. ,.,........, 
•-•• Robert B LI ndberg, PhD 
..... -.,5, 12-221-2018 

.,_••~'-;.;.'"-"°~••;.• . .....;.5_1 _2_-_22_1 _-_2..;..7_2_0 ____________ --1 eoc,a._ 11cu•n •ccouH "-•• 

'· ........ "'' AtlOCIITI 1•v• IT1eAT ... 

FOREIGN INTELLIGENCE NOT CONSIDERED ... , , V I rg In I a C Eng 1 I sh, HS 
•-• Basil A Pruitt, Jr, COL, HC 

(U) Endotoxln; (U) Sepsis; (U) Assay; (U) Humar,, 

DA 

I , TICM•ICAL. OaJICflVI .• I& At' ... IClt, II.._ __ , ,,.,_. .. ,_,,.,..,,_..,.,,..,_.,,,-. ... __._, ,_. .. ,..,_, -- •· ..._,.,. CINeleH.,_ C .. :J 
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a cl lnlcal suspicion of endotoxemla or septic shock exists, are admitted to the study. 
Seven ml of heparlnlzed blood are drawn, the plasma Is separated by centrifugation 
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0.05 and the supernatant fluid Is tested for endotoxln. Serlat observations are 
maintained ~en possible to broaden the base for Interpre t ation of results. 

25. (U) 72 07 - 73 06 Sources of error In the present test have been Identified 
and technical modifications have Increased the sensitivity and specificity of the 
reaction. Fifty four patients w~re tested; of these, 41 had positive bl ood cultures 
during their Illness. Endotoxln was demonstrated In 15 of these septicemic patients, 
Out of 19 patients with Staph aureus septicemia, three had endotoxemla; gram-negative 
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Application of Limulus amoebocyte assay to burn patients wi lh bacter

emia and/or shock yielded increased numbers of positive reactors over 

previous trials. Over 30% of bacteremic patients exhibited positive l~nl!o

toxin reactions. When only gram-negative bacteremia was included , lhe 

proportion of positive reactors was sti II higher. Intermittent negat i ve periods 

were shown to occur in the presence of bacteremia. A pro-zone phenomenon 

was discovered to be obscuring positive reactors ; dilution of the plasma 

extract permitted detection of endotoxin in patients negative by the undiluted 

technic. 

Endotoxin 
Sepsis 
Assay 
Humans 
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DETECTION OF ENDOTOXIN IN BURN D OLDI R 
WITH SEPSIS 

The availability of a reasonably simple laboratory procedure for detec

tion of endotoxin in human plasma has aroused intense interest among workers 

in shock and sepsis. The clinical term " endotoxin shock" is commonly used 

to connote the spectrum of symptoms that crin accompany sepsis due to gram

negative baci Iii. The abrupt fall in peripheral pressure, hypothermia, 

i leus, and other aspects of the shock syndrome are interpreted as due to 

introduction of endotoxin into the circulation. The presence of gram- nega

tive bacilli, known to be a primary source of endotoxin, would offer a 

plausible source of this extremely toxic entity. Reliable detection of endo

toxin should offer an added means of diagnosing the shock syndrome, and it 

has been postulated that detection of endotoxin could be a more rapid method 

than blood culture for detecting gram negative septicemia. 

These optimistic projections have not been substantiated by experience 

with detection of endotoxin in the burned patient, but neither has the test 

failed to an extent that would justify abandoning efforts in this direction . 

This report summarizes experience with detection of endotoxin in a series 

of burned patients who were, at the least, sufficiently .i II to merit blood 

cultures being taken . 

METHODS 

Heparinized blood was collected in sterile pyrogen-free syringes and 

placed in sterile pyrogen-free tubes. Samples were iced until processed. 

(A series of bloods were held and processed at room temperature to test the 

assumption that cryoglobulins, separating out in the cold, might sequester 

endotoxin.) Plasma was separated by centrifugation and aspirated with 

pyrogen-free plastic pipettes. The extraction of endotoxin from plasma was 

carried out by the pH adjustment m,,thod of Reinhold (Rt1inhold RB. Surg. 

Forum 21 : 1, 1970) 
1

. When indications were obtained that the activity of the 

extract might be altered or masked by variations in pH of the resultant 

plasma extract, a micro-electrode was used to adjust the pH to 6.25 - 6 . 3. 

Parallel tubes were used to titrate the pH, then adjust the parallel aliquot 
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without exposure to the electrode, which could not, of course, be rendered 

pyrogen- free. 
The Limulus polyphemus amoebocyte lysate had been collected in 1971, 

(Lindberg RB, Inge WW,Jr, Pruitt BA,Jr, Mason AD, Jr. USA Inst Surg Res 

Ann . Rpt. FY 1972, Sec.55) 2 , titrated by lot, and stored at 4°C . During the 

subsequent year a major part of the lysate was stored at -7o
0 c in an effort to 

assure retention of activity of stocks of this unique and valuable mater :at . 

The ultimate effect of storage at various temperatures remains to be assessed; 

it is the opinion of informed observers in the field (Levin J . Personal commu

nication) 3 that freezing wi II maintain activity probably indefinitely, but when 

thawed, aliquots must be used promptly, since some lots of lysate appear to 

have a shorter period of stability after freezing . 

The test, as originally described, used undiluted plasma extract as 

the only reactant needed to detect presence of endotoxin. If positive, dilu

tions could then be run to determine quantity. Howev er, it was observed 

that in some cases an inhibiting effect was present in undiluted extract, 

and that this prozone could be eliminated by diluting the extract . This has 

been done , nd higher dilutions as wet I as undiluted extract were tested 

after this phen9menon was recognized . 

RESULTS 

Sixty- one patients who met the criteria of burns of more than 30~ of 

body surface, over 5 years of age, and with physical findings or positive 

culturl:! to delineate the status of being septic, were tested. A total of 282 

tests were carried out. Fourteen patients exhibited positive reactions .Thus, 

23% of patients examined had endotoxin present. However, 15 of these 

patients had no positive blood cultures at .iny time, and were on further 

consideration not valid inclusions on the list of plausible sepsis cases. A 

more valid basis for level of positive reactions is shown in Table 1. 

There were 14 cases positive for the Limulus assay, out of 46 who 

could be listed as plausible prospects for diagnosis of sepsis or septic shock. 

This level of 30. 4% of reactors is higher than has been reported by some 

investigators, and lower than reported by others . Obviously the test did not 
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Table 1. Endotoxin Reactions Among Patients with 

Bacteremia and/or Signs of Sepsis 

Blood culture negative. sepsis inconclusi11e 15 

Endotoxin reactions negative 15 

Blood culture positive, Endotoxin negative 32 

Blood culture positive, Endotoxin positive 13 

Blood culture negative, Endotoxin positive 1 

(See text for this case) 

Total patients with endotoxemia 14 

% of bacteremic/sepsis cases with positive reactions 30.4 
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supplant blood culture as a diagnostic tool, but it offers encouragement to 

continue the study since earlier trials, with less experience in technic of 

the reaction, gave a positive rate of only 5% (Inge WW, Jr , Lindberg RB, 

Mason AD, Jr, Pruitt BA, Jr. USA Inst. Surg. Res. Ann. Rpt. FY 72, Sec. 

54) 
4

. However, the presence of sepsis did not denote continuous presence 

of demonstrable er otoxin. Many patients had numerous positive b lood 

cultures with negati,·e endotoxin, but they also had positive endotoxin 

findings at some point in their septic course. There is a strong implication 

that endotoxemia may be deh~ctabte only at intervals; prolonged bacteremia 

may be accompanied by disappearance of endotoxin from the blood stream. 

Negative endotoxin reac',ors with positive blood cultures are summari zed 

in Table 2. There were 41 patients with negative endotoxin reactions. Thirty

two of these had positive blood cultures. Out of these 32, only 8 had a gram 

negative bacteremia; 11 had only staphylococcal bacteremia, and 12 had a 

mixed gram-positive and gram-negative succession of blood cultures. Since 

staphylococci are described as not giving rise to endotoxemia, these results 

are consistent with the conclusion that most of the bacteremic cases with 

negative endotoxemia were bacteriologically not of the category in which 

endotoxemia would be anticipated. 

A detailed summary of positve reactors is shown in Table 3. The 

succession of bacteria listed in patients with multiple positive blood cultures 

does not attempt any breakdown of predominance or the ti me i nterva I between 

positive culture and presence of detectable endotoxin. 

There were 3 patients with only Providencia bacteremia, 2 with 

Klebsiella, and one with Enterobacter cloacae. All other positive reactors 

exhibited a succession of more than one species of gram-negative bacillus 

antemortem. 

Patient No. 24 had repeated blood cultures drawn in an attempt to 

explain his repeated positive endotoxemia. The test was rechecked and 

carefully controlled; the reactions were unequivocally positive. The patient 

was afebri le and convalescing for 8 days before his intermittent endotoxemia 

subsided. The fact that such a condition can exist denotes d potential for 
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Table 2. Patients with Negative Limulus Lysate 

Reaction : Clinically Possible Sepsis 

Blood Culture Endotoxin No. of Patients 

Negative 

Staph aureus 

Prov stuartii 

Ps aeruginosa 

Klebsiel la pneumoniae 

Aeromonas sp 

Staph, Candida, Providencia 

Staph, Candida, Prot mirabilis 

Staph, Pseud, Prov, Kleb 

Staph, Pseud, E coli, Prov 

Staph, Prov 

Staph, Entero cloacae 

Staph, Serratia 

Kleb, Entero cloacae 

Prov, E coli 

Prov, Candida 

Staph only 

Total Patients 

Staph plus Gram-negative bacilli 

Gram-negative baci Iii only 

Gram-negative bacillus, Candida 

Negative 

Negative 

Negative 

Negative 

Negative 

Negative 

Negative 

Negative 

Negative 

Negative 

Negati ve 

Negative 

Negative 

Negative 

Negative 

Negative 

15 

11 

3 

1 

1 

1 

1 

1 

5 

2 

1 

1 

47 

11 

12 

8 



Patient Nr. 

36 

42 

26 

10 

26 

32 

35 

14 

18 

28 

27 

35 

22 

24 
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Table 3. Pati ents with Positive Limulus Lysate 

Reactions : Correlation with Bac teremia 

Blood Culture 

Providencia s tua rti i 

Providencia stuartii 

Providencia stuartii 

Prov, Ps aeruginosa 

Prov, Klebsiella 

Prov, Klebsiella 

Prov, Kleb, Staph aureus 

Klebsiella 

Klebsiella 

Limulus Lysate 
Reaction 

Posi tiv ~ 

Positive 

Positive 

Positive (2) 

Positive 

Positive (3) 

Positive (3) 

Positive 

Positive 

Kleb, Entero cloacae, E coli Positive 

Entero cloacae Positive 

E coli, Proteus mirabilis Positive 

E coli, Staph, Pseud Positive 

Prov, Kleb Positive 

Negative; No positive Positive (4) 

Blood Cultures 

Endotoxin 
ug/ ml 

0.008 

0.01 

0.04 

0.168 

0. 168 

0.02 

0.64 

0.08 

0.32 

0.008 

0 .019 

0.02 

0. 168 

0.04 

0.005 

0.04 

0.42 

0.04 

0.07 

0.038 

0. 16 

0 .16 

0. 16 
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endotoxemia. or the possible existence of unknown reacting substance that 

can interfere with the lysate r eaction . The plasma from this patient will be 

assayed by other techni cs to confirm the identity of the endotoxin found . 

Effect f Dilution on Detection of Endotoxin . When negative r esults 

were obtained on sever a l patients who ~xhibi ted classical endotoxic shock. 

the technic of the procedure was scrutinized to determine whether a manipu

lative error could be found . In view of early observations in this laboratory 

that a prozone pattern of inhibition could be shown in dilution of endotoxin

containing plasma, a pattern of dilution of extract of plasma w as set up. 

Specimens were tested undiluted and at dilutions with pyrogen- free dis-

ti I led water up to 1: 128. Six out of 10 patients so tested revealed presence 

of endotoxin w 1 .n the extract was di luted but not in the undiluted extract. 

Typical results are illustrated in Table 4. 

The effect was clearcut and unequivoca l: in many patients, endotoxin 

would be detected only if the plasma extract were tested at higher dilutions. 

The explanation of this phenomenon is not yet available. It can be described 

as diluting out unknown inhibitory substances. In any event, the procedur_e 

is much more sensitive when this dilution is made. It makes the reaction 

more expensive , of course, in terms of lysate used, but the added sensitivity 

makes it a necessary procedure . 

DISCUSSION 

The significance of endotoxemia as indicated by the Limulus amoebo

cyte lysate test has not been elucidated completely by the applications of the 

test thus far made . Technical detai Is of the procedure remain incompletely 

clarified. The introduction of a dilution titration in the test may yet uncover 

presently undetected endotoxin. However. the potential for explaining more 

fully the real nature of "endotoxic shock" in traumatized patients is very 

great. Further investigations using this unique and valuable naturally 

occurring assay substance are planned. 
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The major cause of death in burned patients is bacterial sepsis, con-

trol of which must rely heavily on use of antibiotics . Since in many instances 

antibiotics must be chosen prior to completion of testing of offending organ 

isms, a guide to seledion of the most suitable antibiotic can be a valuable 

adjunct in management of burn patients . Ongoing su rveillance of bacterial 

populations in the burn ward has been summarized, with cumulative sensi 

tivity levels presented for Staphylococcus aureus, Staphylococcus epidermidis, 

Pseudomonas aeruginosa, Klebsiel la pneumoniae, Enterobacter cloacae, 

Serratia marcessens, Enterobacter aerogenes, Escherichia ~oli, Proteus 

mirabilis, Providencia stuartii, and several minor species. Staph aureus 

strains included 26% sensitive to Unipen and Lincocin, and 35% sensitive 

to Gentamycin; 43% were totally resistant. All Providencia strains were 

totally resistant. A serious problem of resistant strains is present. 

Burn wound flora Antibiotic sensitivity Pseudomonas 

Providencia Humans 



7-1 

ANTIBIOTIC SENSITIVITY OF CURRENT MILITARY BURN 
PATIENT FLORA 

An increasing population of antibiotic- resistant strains in the burn 

wound patients has been observed on an annual basis since 1969 . Thi s has 

been observed for staphylococci as well as for members of the enteri c g roup 

and Pseudomonas . Since sepsis has always been a major component in 

mortality due to burns in this lnstitute,a highly resi s tant microbi al flora 

can present the physician with a problem that at this point is often insuperable . 

Episomal transfer of antibiotic resistance in gram- negative bacilli has been 

demonstrated so often ·hat its occurrence is now assumed as the rule r ather 

than the except(on (Ar. Je r son EO. Ann Rev . Microbiol. 22 : 131, 1968) 1. Re

cently, DNA- carri ed resistance factors, transmitted by transduction, have 

been described as effecting the acquisition of resistance by staphylococci . 

In each instance, the prospect of increasing cross - resi s tance of large number s 

of opportunistic pathogens looms. The evaluation of such res istance and the 

status of antibiotic sensitivity of burn wound flora are presented in this 

report. 

TECHNIC AND SOURCE OF STRAINS 

Tube-dilution technic has been employed routinely for sensitivity 

testing at this Institute. To minimize the tendency of dilute solutions of 

antibiotic to deteriorate even when frozen, a revised procedure for con

ducting tests was developed . 10 mm plastic tubes containing 1. O ml of 50 ug/ml 

of reagent-grade antibiotic were capped and stored . Dilutions of antibiotic 

in broth were prepared at time of testing to constitute a series of 6 tubes 

with dilutions ranging from 50 to 1. 5 ug/ml. An equal volume of a 4 to 6-

hour broth culture containing 2 X 10
4 

organisms/ml was added , to give a 

final concentration of 10
4 

organi sms/ml . Incubation for 18 to 20 hours was 

followed by assessmnt of the MIC, the last amount of antibiotic which would 

inhibit visible growth as viewed by oblique light against a dark background. 

When needed, the Minimum Lethal Concentration (MIC) was determined by 

plating on blood agar ::ifter 18 hours incubation in antibiotic and determining 

the dilution which permitted cells to survive . 
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Table 1. Sources and Principal Species Tested for MIC 
of Antibiotic, ISR, 1972 

Species No. Tested 

Staph aureus 117 

Strep gp A 11 

Ps aerugi nos a 50 

Prov stuartii 84 

Klebsiella sp 43 

Proteus mirabilis 32 

E coli 28 

Enterobacter cloacae 12 

Serratia sp 11 

Source and % of All Strains Tested 
Blood Lung Wound Other 

73.5 5. 1 16. 1 5.3 

9.0 9.0 63.6 18 . 4 

42.0 38.0 12.0 8.0 

71.4 22.6 1 . 1 4.9 

34 . 8 39 . 5 13. 9 11 . 6 

62.5 12 . 5 15 . 6 9.3 

42.8 32 . 1 10 . 7 14.4 

50 . 0 41. 6 8.4 0 

100.0 0 0 0 

------------- ------------ --------- -------- ---------------------- ---- ---
Totals Tested 388 232 80 48 26 

% of All Strains 60. 1 20 .6 12.3 6 . 7 
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Of the 9 si-- !des shown, 388 strains were t ~sted. Sixty per cent of 

these were from blood cultures ; i.e., the presumption of the presence of 

sepsis was high. Twenty per cent were from sputum and Luken's tube 

cultures with a strong indication of pneumonia present. Twelve per cent 

were from wound and biopsy cultures; all other sources together made up 

less than 7%; i.e., they were of minor importance as far as sepsis was 

concerned. 

Staphylococcus aureus strains and Providencia stuartii were 

conspicuous as blood stream invaders; over 70% of each species tested 

were from positive blood cultures. Other numerically important species, 

including Pseudomonas aeruginosa and Klebsiella (essentially Klebsiella 

pneumoniae) were significantly less frequent in blood culture. A greater 

proportion of tested strains of these species were from sputum cultures . 

The relative invasiveness of these species, at least under conditions of 

therapy used here, was l~ss than that of Staphylococci and Providencia. 

Antibiotic batteries used for gram-positive cocci and for gram

negative baci I Ii shared some antibiotics and differed on others. The spectra 

covered in 1972 were as follows : 

Sy mbol Antibiotic Gram-positive Gram- negative 

cocci baci Iii 

u Nafci llin (Unipen) X 

Ps Oxaci I lin (Prostaphlin) X 

Sc Methaci llin (Staphci llin) X 

L Lincocin (Lincomycin) X 

T Tetracycline X X 
K Kanamycin X X 

Kf Keflin (Cephalathin) X X 

G Gentamycin (Garamycin) X X 

Amp Ampicillin X 

Co Colymycin (Colistimethate sulfate) X 
* Cb Carbenici llin X 

* Pseudomonas only tested 
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Penicillin G was run against strains of Proteus mirabilis, since sensi 

tivity of this species to penicillin has been reported. Sensitive strains were 

r are. Sequential tests on strains recovered during intensive antibiotic 

therapy increased the likelihood of recovering strains selected for tolerance 

of antibiotic. 

RESULTS OF SENSITIVITY TESTS 

The sensitivity .pattern for the major species occurring in severely 

ill burn patients is presented in terms of cumulative sensitivity. Gram

positive cocci are designated as sensitive if they are inhibited by 6.25 ug/ml 

or less; gram-negztive baci I Ii. those strains inhibited by 12. 5 ug/ml or less 

(Finland M. Ann In t Med 76 : 1009. 1972) 3. 

Staph aureus . Sensitivity of 117 strains of Staph aureus are summa

rized in Table 2 . At the sensitive level. the most effective antibiotic inhibi 

ted only 35. 6% of . trains; Lincoci n and Uni pen were equal at 26. 0 %; and 

Oxacilli.n and Methicillin were progressively less effective at 18. 8% and 

13. 1 % of strains r e,;pectively . Ke I fin was effective against 22. 6% of strains. 

while Kanamycin and Tetracycline were of neg I igible effect. 

This level o f resistance was not unexpected in a species that was 

described in 1971 as constituting a Methicillin - resistant monotype P.pidemic. 

It is of real importance, however. to establish the degree of total cross

resistance that occurred in this population. Fifty of the 117 strains that were 

assayed were regarded as resistant to all antibiotics . They required at least 

12 . 5 ug/ml of antibiotic for inhibition . Twenty-eight of this 50 were even 

more resistant, and required 25 ug/ml or more of antibiotic for inhibition. 

Consideration of the bluod stream isolates separate from the total 

population showed no si nificant difference in the level of sensitivities. 

Thus. there did not appear to be a significant sorting effect in the septi

cemic phenomenon. although the preponderance of blood stream strains 

would tend to obscure minor differences in the mean level of sensitivity 

of strains from other sources. 

The progression of events regarding the increase in resistance of 

strains of this major pathogen are shown in detail in Table 3. It is at once 
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evident that. from a population of relatively susceptible strains in 1967. there 

has been {with occasional fluctuations) an inexorable progressive emergence 

of more and more resistant strains. Kanamycin dropped from a high leve l of 

effectiveness in 1968 (42. 8% of strains sensitive) to 2. 8° in 1970; it has 

essentially lost its value. Tetracycline followed asimilar course; it has been 

replaced by Minocin in the test battery. The synthetic penicillins have each 

tended to drop in effectiveness; this precipitous fall has pos sibly levelled 

out. since the decline in numbers of sensitive strains slowed in 1972. Genta

mycin was introduced into the schema in 1969; it may be relatively stable in 

its level of activity . Keflin , which was ve y promising in 1971, dropped to 

22 . 6%ofstrains sensitive in 1972. It will e observed continuously, but the 

fall in number of sensitive strains is not encouraging. Additional antibiotics 

are being tested; Clindomycin and Minocin both show promise of being more 

effective than are antibiotics in the presently employed battery . 

Staphylococcus epidermidis. There were 9 strains of Staph epidermidis 

tested. Five were from blood cultures, 2 from urine and 2 from sputum. 

Twenty - five per cent of the strains were sensitive to Keflin and Lincocin, 

one- third to Prostaphlin, Methicillin, and Tetracycline; one- half of them 

to Unipen, and sensitivity to Keflin occurred in 85% of these strains . 

Ps aeruginosa. Ps aeruginosa strains tested total led 50, of which 42 9c, 

were blood stream isolates and 38% from sputum. The cumul ative sensitivity 

of these strains is summarized in Table 4 . The sensitivity level was even 

less encouraging than had been seen in previous years. Only Tetracycline, 

Colymycin, Gentamycin and Carbenici llin offered any inhibitory activity . 

Of these, Colymycin was slightly more effective than Centamycin; at the 

maximum level of 12 . 5 ug/ml these drugs inhibited 70%of the strains tested . 

The effective or attainable level of Carbenici llin is much higher, and these 

results showed that at least a third of the strains might be effectively treated 

with Carbenicillin . The prospect of antibiotic therapy remains restricted 

primarily to the aminoglycoside antibiotics and Carbenicillin. A recurring 

concern has been the presumed continued increase in incidence of totally 

resistant strains of Ps aeruginosa . A comparison of pertinent antibiotics 



T
a
b

le
 4

. 
P

se
u

d
o

m
o

n
as

 a
e
ru

g
in

o
sa

: 
C

u
m

u
la

ti
v

e 
In

h
ib

it
o

ry
 C

o
n

c
e
n

tr
a
ti

o
n

s 
fo

r 
SO

 S
tr

a
in

s,
 

IS
R

 -
19

72
 

A
n

ti
b

io
ti

c 
L

ev
el

 
A

n
ti

b
io

ti
c 

a
n

d
 

%
 o

f 
S

tr
a
in

s 
In

h
ib

it
ed

 
u

g
/m

l 
T

 
K

 
K

f 
A

m
p

 
C

o
 

G
 

C
b

 

-
-

>"
 2

5 
10

0 
10

0 
10

0 
10

0 
10

0 
10

0 
>

 12
50

 
10

0 

25
 

3
4

.6
 

4
. 

1 
0 

0 
72

 .
0

 
7

4
.0

 
12

50
 

5
7

. 
1 

--
--

--
--

--
--

--
--

--
--

--
--

--
--

--
--

--
--

--
--

--
--

--
--

--
--

--
--

--
--

--
--

--
--

--
--

--
--

--
--

--
--

--
--

--
--

-
co

 
12

. 5
 

20
.4

 
0 

0 
0 

7
0

.0
 

6
6

.0
 

62
5 

51
. 0

 
I ,-..
.. 

6
.2

5 
4

.0
 

0 
0 

0 
6

0
.0

 
5

4
.0

 
31

2 
3

6
.7

 

3
. 

12
 

0 
0 

0 
0 

4
6

.0
 

2
6

.0
 

15
6 

34
.6

 

1
. 

56
 

0 
0 

0 
0 

2
2

.0
 

4
.0

 
78

 
3

4
.6

 

0
. 7

8 
0 

0 
0 

0 
0 

0 
39

 
2

8
.4

 

(0
. 

78
 

0 
0 

0 
0 

0 
0 

1
9

.5
 

1
8

.3
 

9
.5

 
1

0
.2

 

4
.5

 
4

.0
 

N
o.

 
te

st
e
d

 
46

 
49

 
49

 
49

 
50

 
50

 
49

 



7-9 

over the past 4 years is shown in Table 5. It was apparent that little con

sistent change t as occurred. A reciprocal slight increase in sensitivity to 

Colymycin has appeared at the same time that a comparable slight rise in 

resistance to Gentamycin has occurred . Tetracycline sensitivity fluctuated 

over the same period, and Kanamycin and Keflin were never of consequence 

with this important pathogen. Carbenicillin sensitivity, encouragingly, has 

not diminished; it was initially effective on approximately 33% ol ,solates, 

and is still effective in this range. 

Klebsiella pneumoniae was, with the exception of Providencia, the mos t 

conspicuous species of the Enterobacteriaceae in burned patients. It was 

equally prominent in septicemia and in the lung of patients with severe 

pneumonia. Sensitivity of 43 strains of Klebsiella are summarized in Table 

6. Gentamycin, Colymycin, Kanamycin and Tetracycline were antibiotics 

that were effective often enough to merit their consideration in cases where 

active infection was suspected. There was no significant change in the 

sensitivity levels of strains of Klebsiella, in contrast to the often reported 

increase in numbers of resistant strains of Enterobacteriaceae as a result of 

dissemination of resistance transfer factors. Indeed, a marked rise in 

Tetracycline- sensitive strains occurred. There were 11 strains that showed 

complete cross-resistance. 

Enterobacter cloacae, closely related to Klebsiella, was common in 

sputum, but only 12 strains were tested for sensitivity. Six of these were 

from blood cultures. Half of the strains tested were sensitive to Gentamycin, 

Tetracycline and Colymycin. Two were totally resistant to al I antibiotics. 

Escherich i a coli with 28 strains tested, had 12 strains recovered from 

the blood. Sensitivity at the 12. 5 ug/ml level was recorded at the following 

rates; Gentamycin, 57.1 %; Tetracyc ine, 46.1 %; Ampicillin, 32.1 %; Colymycin, 

53. 5%. Keflin and Kanamycin were essentially ineffective. 

Proteus mi rabi lis. Thirty-two strains of Proteus mj rabi lis were 

examined. Twenty of these were from blood cultures . A as be n the case 

over the past 4 year , only Keflin, Ampici llin and Gentamycin were effective 
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Table 5. Antibiotic Sensitivity of Pseudomonas aeruginosa 
ISR - 1969 - 1972 

Antibiotic Year and % Sensitive at 12. 5 ug/ml 
1969 1970 1971 1972 

Tetracycline 22,8 7.9 12.5 20.4 

Kanamycin 12.0 1. 5 0 0 

Ke flin 5.4 0 5.8 0 

Colymycin 61 63.4 73.3 70.0 

Ge ntamycin 75.8 71 . 6 71.4 66.0 

Carbenici II in 50 33.9 30.0 34.6 

156 ug/ml ( 12 strains) 

No. tested 65 68 55 50 
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Table 6. Klebsiella pneumoniae, Cumulative Sensitivity 
for 43 Strains, ISR - 1972 

Antibiotic Level 
ug/ml 

> 25 

25 

G 

100 

67.4 

Antibiotic and ~ lnhibi led 
T Amp Kf Co K 

100 100 100 100 100 

47.2 4.6 23. 2 67.4 39 . 5 

-----------------------------------------------------------------------
12.5 60.4 30.S 4.6 18.6 48.8 32.5 

6.25 S 1 . 1 13.8 2. 3 2.0 37.2 11. 6 

3. 12 37.2 S.S 0 0 23.2 2.3 

1. 56 13.9 0 0 0 2.3 0 

0.78 2.3 ,, 0 0 2.3 0 

< 0.78 0 0 0 0 2.3 0 

Tota I tested 43 36 43 43 43 43 

Total resist;mce present: 11 strains 
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to any degree. Comparison of sensitivity levels for the past year is 

presented in Table 7. The progressive disappearance of Kanamycin-sensi 

tive strains resembles that seen with Ps aeruginosa at the same time. Keflin 

sensitivity fell drastically; at present only Gentamycin is a promising anti 

biotic for treatment of Proteus infections. Twelve out of these 32 strains 

were resistant to all antibiotics. This degree of cross-resistance was spread 

across strains from all sources . Penicillin G was virtually ineffective 

against these strains. Our observations have never corroborated accounts 

of sensitivity of~ mirabilis to penicillin. 

Year 

Table 7. Comparison of Sensitivity of Proteus mirabi lis Strains 
ISR - 1969-1972 

Antibiotic and of Isolates Sensitive to 12.5 ug/ml 
T Amp K Kf Co G 

1969- 1970 10. 1 7. 0 39. 5 0 50 

1971 8.3 33 .3 8.3 76.4 0 58.8 

1972 0 18 . 7 0 21. 8 0 50 

Providencia stuartii. As has been pointed out in Table 1, Prov 

stuartii is the major pathogen presnetly infecting patients in this Institute. 

· While staphylococcal septicemi a is also extremely common, it does not carry 

the connotation of high mortality that is associated with Providencia septi 

cemia . This exotic opportunistic pathogen has colonized patients in this 

Institute at least since 1963, in a gradually increasing frequency which, 

in 1969, virtually exploded into a major infection problem. The incidence 

of Prov stuartii was higher in blood, sputum and wounds in 1972 than it 

had been previously. 

The sensitivity pall rn fo r Prov tuartii in 1972 was complete resis 

tance. The transition from a rel atively resistant species to a completely 

resistant one occurred between 1969 and 1972, as shown in Table 8. There 
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is no indication that this pattern of complete resistance is in prospect of 

being ameliorated, at least by any direct effort exerted by the Institute 

staff. As has been shown, Prov stuartii are not unique to this Institute, and 

their transmission is most probably secondary to patient care activities. New 

antibiotics including experimental ones are being tested. The role of 

Providencia as opportunistic invaders is well established. Its control is not 

yet achieved. 

Table 8. Providencia stuartii : Comparison of Sensitivity to 
12. 5 ug/ml of Antibiotic, 1969-1972 

Antibiotic 

G 

T 

Amp 

K 

Co 

Kf 

No strains tested 

Year and % of Strains lnhibi led 
1969-1970 1971 1972 

23.4 7.3 0 

17.4 1. 4 0 

0 

7. 8 I. 4 0 

15.7 0 0 

3.7 0 0 

144 68 82 

Several species of minor numerical importance were tested, and these 

results are summarized for completeness. Gram-positive strains included 

hemolytic streptococci Group A, non-hemolytic streptococci Group D, 

Corynebacterium sp and Bacillus sp. The number tested and the number 

sensitive to 6 . 25 ug/ml or less of antibiotic are shown in Table 9. 

The hemolytic streptococci were largely sensitive to the spectrum of 

antibiotics used. Group D streptococci were resistant to al I those tested. 

as were two-thirds of the ~orynebacterium sp and the Baci flus. 

Gram negative baci Iii in lesser numbers included Serratic.1, Entero

bacter sp, Citrabacter, Salmonella, and 1ima. The proportion of these 

strains which were sensitive to 12. 5 ug/ml or less of antibiotic is summar

ized in Table 10. 
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Enterobacter sp we r e most frequently sensitive to Gentamycin, Tetra

cycline and Colymycin; Keflin was effective against 3 of the Enterobacter 

aerogenes strains. Serratia sp strains were relatively resistant; only 

Gentamycin was a promising agent. Citrobacter strains fel I in a similar 

pattern . The infrequently encountered strains offer little information on 

probability of sensistivity . 

DISCUSSION 

Among the numerically important species which colonize burns and 

which may cause sepsis in burn patients, antibiotic sensitivity displayed no 

major variations from 1971. Staph aureus antibiotic-resistant strains increased 

slightly in numbers . but for the synthetic penici I I ins the change was nominal. 

The fall in the number sensitive to Gentamycin and especially to Keflin is , 

however, discouraging. The value of Keflin, based on in vitro data , has 

fallen sharply. Methici I lin-resistance is not complete but is very high in 

this population against Ps aeruginosa. Colymycin and Gentamycin remain 

the mos ' effective antibiotics . lnter~stingly. Carbenici llin resistance which 

appeared early in the history of this drug. has not increased; about two

thirds of the isolates for each of the past 3 years were resistant. 

The role of Klebsiel la pneumoniae is of particular conce ·n in pulmon

ary cqmplications of burn injury. Effective antibiotics are available for 

75% of isolates; Gentamycin, Colymycin, Kanamycin, and Tetracycline have 

remained at a constant rate of effectiveness over the past 3 years. 

The major infective agent in most sites on the burn ward population 

was Providencia stuartii . There is, at the time of this writing, no anti 

biotic available that controls this organism. It is totally 'resi stant. to all 

agents in routine use. Experimental antibiotics are being investigated. 
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The staphylococcal population in the burn w, rd o f the Ins titute of 

Surgical Research h as been assessed by phage typing and antibioti c sensi 

tivity tests. Since 1967, a heterogeneous popul ati on, exhibiting acceptable 

sensitivity to antibiotic, h as been replaced progress ive ly by a type 84 

population th at constitutes a monolype epidemic. Simultaneously with the 

incursion of type 84 a progressive drop in sensitivity occurred, so that 

the melhicillin group of antibiotics became relatively ineffective . Keflin, 

recently added lo the spectrum, was highly effective in the first year, but 

far less so in the second . Minocin shows a high level of effectiveness in 

late 1972, ut as a tetracycline is not the ideal antistaphylococcal drug . 

There is no present solution to the problem of a burn ward seeded with an 

antibiotic- resistant Staphylococcus aureus. 

Staphylococcus 
Burns 
Septicemi~ 
Infection 
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EMERGENCE OF METHICILLIN-RESISTANT 
STAPHYLOCOCCUS AUREUS TYPE 84 IN BURN PATIENTS 

The role played by Staphylococcus aureus in infection in burned patients 

was regarded as minor for the period from 1962 through 1968 when control 

of Pseudomonas burn wound sepsis was regarded as the major bacterio-

logic problem confronting this Institute. Antibiotic sensitivity during 

that period was such that antibiotic resistant staphylococci were not 

common. With the introduction of methicillin and its several analogues,the 

problem of avoiding the resistance generated by beta-lactamase production 

was considered solved. During the middle 1960 1s most Staph aureus strains 

were of phage Group I, but in the latter part of the decade a series of re-

ports of the change to Group Ill strains, and of sharply rising rates of anti

biotic resistance, appeared (Jessen O, Rosendo K, Bulow C. NEJM 281 : 677, 

1969
1
; Bulo P. Ann NY Acad Sci. 182 : 21, 1971 2) . In the Institute of Surgical 

Research a rise in rate of staphylococcal septicemia and a rapid fall in anti

biotic sensitivity of staphylococcal strains has necessitated a continuing 

study of these strains, to clarify the current status of staphylococcal infec-

tion in burns and its significance in the pathogenesis of infection in burn 

patients. 

OBSERVATIONS 

Bacteremia. The relative number of blood stream infections caused 

by staphylococci indicates the seriousness with which staphylococcal infec

tion must be viewed . Table 1 sets down the incidence of Staph aureus 

bacteremia in patients with positive blood cultures at some time during their 

stay in the Institute of Surgical Research. There are 3 natural divisions 

into which patients may be sorted : In 1963 topical therapy was non-existent, 

a'nd it was introduced in 1964. Whether this had a specific effect on reduction 

of staphylococcal sepsis cannot be answered. The Sulfamylon burn cream 

was designed and directed toward control of Pseudomonas burn wound sepsis, 

although its anti-staphylococcal spectrum is on the same level as its anti 

Pseudomonas spectrum. 
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The years 1965 through 1968 were the period in which topical therapy 

and the entire therapeutic regimen of burn care produced the optimal results 

in terms of burn patient survival. These were years when the rate of sepsis 

and of septicemia reached its lowest level. 

The period from 1969 to 1972 coincided with the appearance of methi

ci I lin-resistant staphylococci and with a mark ed increase in the incidence 

of staphylococcal bacteremia. 

Table 1 summarize~ the extent of staphylococcal bacteremia in this 

Institute during the 3 periods noted. The very low level of bacteremia 

of all kinds, and the correspondingly low level of staphylococcal infection, 

was obvious in the 1965-1%8 interval. The change in 1969 and in the 

succeeding years was very obvious. More patients exhibited positive blood 

cultures; from an average of 29 the number rn P tP 80 per year. The 

percentage of all blood cultures positive fo ~ staphylococci rose from 11. 9% 

in 1965-1968 to 49.6% in 1969-1972. It should be emphasized that these 

patients did not, in most instances, exhibit staphylococcus as the only 

organism recovered from the blood. In m st instances successive cultur s 

would yield other organisms. Survival of patients with only Staph aureus 

recovered in culture was far greater than it was in patients who had other 

species ultimately recovered . 

Antibiotic sensitivity of staphylococci in successive years since 1967 

is shown in Table 2. It was obvious that the upturn in staphylococcal sepsis 

coincided with the appearance of more resistant strains of staphylococci. 

Kantrex and tetracycline were virtually ineffective after 1968; Lincocin and 

the methicillin group of antibiotics dropped drastically in proportion of 

sensitive strains, in 1969, and this drop has continued in each year since. 

Methicillin reached a low point 0.f 13. 1% of strains sensitive in 1972; oxacillin 

and nafcillin were slightly more active. Lincocin and nafcillin were each 

effective against 26% of strains tested in 1972. Gentamycin was aJded in 

1969 in an effort to improve the armamentarium; it · effectiveness has fluctu

ated on an annual basis. Keflin in 1971 appeared promising but resistant 

forms increased markedly in 1971. Minocin in 1972 he. , shown itself active 
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against half of the strains tested, although like all tetracyclines is not a 

recommended drug for staphylococcal infections. 

Complete cross-resistance occurs among antibiotic resistant staphy

lococci. This attribute was observed in 39. 2% of all strains tested, i.e., 

these s_trains were not inhibited by any antibiotic. This value has fluctuated; 

in 1970 it was 40%; in 1971, 24%, and in 1972, it rose again to 39%. This is 

a high level of complete cross-resistance. Recent reports of transduction 

as one of the mechanisms by which antibiotic resistance in staphylococci 

is transmitted offer a plausible mechansim by which the segregation of large 

numbers of totally resistant strains could be derived. The fact that the 

predominant strain is a single type of staphylococcus makes such segre

gating mechanisms more likely. 

PHAGE TYPES OF STAPH AUREUS IN BURNED PATIENTS 

There has been a dramatic rise in the incidence of Staph aureus in 

burn patients, or at least, many more cultures have been submitted during 

the past year than in previous years. In 1968, 108 strains were collected 

for phage typing. In 1972, this figure was 1155. 

Predominant phage types and the percentage of nontypab le for the 

period 1968-1972 are shown in the figure . The per cent of each phage type 

is the proportion of strains of that type to the total number of strairis collec

ted for that year. The percentage of patients harboring a certain type is set 

down in relation to the total number of patients from whom s rains were 

coll·ected in that year. 

In 1968 , nontypable strains predominated. They were found in 31. 7% 

of the patients cultured and accounted for 26. 8% of all strains. Phage type 

84 was the most common type; it was found in 27% of the patients and made up 

20.4%ofall strains. The classic hospital type of the 1960's, 52,52A,80,81, 

was sti II found in 1968, but that was its last appearance. 84, 85 as an entity 

di tin t fr m type 84 was present in small numbers. Nontypables and 84 

mad up 47 . 2% f all strains . 

In 1969, typ 84 was the predominant form, being found in 37.6%of 

th patients and accounting for 28. 2% of all strains. Nontypable strains were 
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found in 35% of the patients and made up 20. 6% of the strains. These 2 

categor ies made up almost half of all the strains as they had in 1968. Type 

84, 85 was little changed from its proportion of the population in 1968, and 

type 53 and 80. 81 were present in smal I numbers. 

In 1970, with antibiotic resistance now a conspicuous fea ture of the 

staphylococcus population. a complex of closely related types with the 

designation of 47, 54, 75, 84, 85 appeared and predominated for the entir 

year. Out of 624 strains typed, 47. 4% were of this type, and it was 

harbored by 55.6% of all patients harboring staphylococci. Type 84, which 

was most closely related to the 47. 54 ....... complex as indicated by th ~ 

frequency with which it appeared in successions of cultures, was the second 

most frequently encountered type; it appeared in 41 . 7°o of the patients, 

and 24. 8% of all strains . Nontypable strains and a small population of type 

84, 85 made up the remainder . 

In 1971, the population of staphylococci converted to the unequivocal 

epidemic of type 84 that has now persisted for 2 years. Eighty--two per 

cent of the patients harbored type 84, and it made up 72 % of all strains. 

Nontypable strains made up 21 % of all strains . The proportion of type 8LI 

in 1972 was exactly the same in patients, and in percentage of all strains. 

Nontypable strains were still 20 % of all s trains. although their incidence 

in patients had increased . The fact that the proportion of nontypable strains 

was low in proportion lo the percentage of pati ents with such strains is 

explainable by the fact that 2 new phages were incorporated in the typing 

set in March 1972. D- 11 and WH - 1 accounted for a pat t of the previously 

untypable population. The total picture of types recovered in 1972 is 

summarized in Table 3. It is important that all type identities be accounted 

for but the minor importance of the 6 types that were recorded is apparent 

in the fact that together they made up only 4. 7% of a l I strains. 

PHAGE TYPES OF STAPH AUREUS FROM BLOOD CUL TURES , ISR, 1972 

The overall picture of staphylococcal epidemiology is based on the 

type distribution of all strains collected . Ther e remains th~ question 

of the existence of virulent or invasive st ains that might differ from the 
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whole population, which includes a numerical predominance of surface and 

sputum strains. Ninety-six strains of Staph aureus from blood cultures of 

50 patients were typed;76% of these strains were type 84, and 23% were 

nontypable. Their identity exactly fol lowed that of the whole population 

of staphylococci. Sixty-eight per cent of the patients harbored only type 

84, 16% had only nontypable strains, and 16% harbored · in succession both 

nontypable anq type 84 strains. One patient harbored type 71. 

PHAGE TYPES OF STAPH AUREUS FROM POSTMORTEM LUNG TISSUE OF 

BURN PATIENTS, 1972 

From 21 fatal cases a total of 45 strains of Staph aureus were re

covered. The type identity was scrutinized to learn whether any distinctive 

type pattern existed in patients who developed pneumoni due to staphylo

cocci. The distribution was not significantly different from that of the 

whole population; 71. 1% of the strains were type 84, 26. 7% were nontyp

able, and 2. 2% were type 71. Two-thirds of the patients had only type 84, 

20% had nontypable strains, and 14% had both type 84 and nontyable 

strains. 

DISCUSSION 

The evolution of an exceptionally antibiotic-resistant population of 

Staph aureus in the burn wards of the Institute of Surgical Research has 

been documented by MIC determinations on staphylococcal isolates and by 

phage typing. During the past 5 years a population with many untypable 

strains and several phage types present has evolved, after passing through 

a period when an exotic phage pattern was predominent, to a situation which 

has existed since 1971, i.e., a monotype epidemic, with type 84 vastly pre

dominant over a consistent component of nontypable strains. A high rate 

of septicemia and staphylococcal sepsis has appeared within the past 2 

years, and the antibiotic susceptibility of these st.:·ains is markedly reduced. 

The problem is serious, and no obvious solutions to arrest the spread of 

this organism in the burn ward are apparent. The mechanisms of trans

mission in the hospital ward involves a large component of patient-to

patient transfer via attendant personnel. Since with staphylococci a con-
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stant shedding from desquamating epidermis occurs, there is introduced 

a transmission potential that cannot be curbed if patients are to share space 

physically as is inherent in the structure of the burn ward . 

This problem did not become acute until a monotype epidemic 

appeared. The sorting out of a highly resistant group of strains has 

increased the likelihood of incoming patients being seeded with staphylo

cocci which can be expected to maintain their position of dominance for 

some time . 
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Four hundred and sixty- three s train of Pseudomonas ae ruginosa, 

collec ted from severely burned patients, wer e tes ted for ens itivity to 

Sulfamylon . A marked ri se in the proportion of s trains with a hi gh Minimum 

Inhibitory Concentration (MIC) was found. The m di an sensitivity I v e l rose 

from 0 . 125% to 0. 316%. 6 . 3% of all s tra ins howed an MIC of 1.25~, and 45.8% 

had an MIC of O. 625%. This level of r es i s tance had not previously been seen 

in annual r evi ews of sensitivity of Ps aeruginosa to thi s drug. Res istant 

strains were concentrated in a group of strains, nontypable by the estab

lished phage typing system, which w e r e recognizable as NT- 2 strain~. by use 

of a pyocin- typing technic us ing undiluted phage fluids. No increase in 

Pseudomonas burn wound sepsis nor in complications due to type NT- 2 

strains was detectable, despite the rise in resistance to Sulfamylon. The 

strains were amenable to treatment when tes ted in a burned rat laboratory 

model. The epidemicologic significance of these resistant strains is not 

yet known . 

Pseudomona 
Burns 
Sulfamylon 
Topical therapy 
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SENSITIViTY OF PSEUDOMONAS AERUGINOSA RECOVERED 
FROM BURNED SOLDIERS TO SULFAMYLON 

Monitoring of strains of Pseudomonas ~eruginosa for sensitivity to Sulfa

mylon has been an ongoing project since the adoption of topical Sulfamylon 

as a primary agent for burn treatment. The history of chemotherapy is 

replete with examples of therapeutic agents to which resistance appeared 

among previously sensitive bacterial populations . The phenomenon of per

sistence of strains of Pseudomonas in the burn ward for long periods of time, 

with continuous exposure to Sulfamylon, constitutes an obvious mi lieu for 

deriving resistant strains. There has been no indication of a marked increase 

in the incidence of Pseudornonas burn wound sepsis in the past several years, 

but the organism remains ubiquitous and its fr quent app arance in blood 

cultures of terminally ill patients is a constant reminder o it i nvasive poten 

tial in the compromised individual . 

METHODS 

The technic for assessing sensitivity has been described (Lindberg 

RB, Contreras AA, Moncrief JA, Mason AD.Jr . USA Surg Res Unit Ann 

Rpt FY 1965, BAMC, Ft Sam Houston, Tx. Section 18) 1. It consists of 

incorporating doubling increments of Sulfamylon acetate in agar, from O. 019 ~ 

to 2. 5% Sulfamylon acetate, since it is the clinical compound used, is also 

used for the senstivity assay, although Sulfamylon hydrochloride which was 

more active against Pseudomonas than is the acetate, was originally used. 

The inoculum size has been shown to be critical; the optimal seeding number 

is 1000 cells/drops of inoculum . Heavier inocula result in less sensitive 

readings. 

RESULTS 

There were 463 cultures tested in 1972, or 60 '\ more than were tested 

in 1971. This increase is directly related to the increase in sampling that 

was occasioned by an unexplained increase in mortality and in morbidity 

associated with infection in 1972. Changes in the sensitivity of a bacterial 

population are most readily expressed in a chronologic sequence, and these 

changes are summarized in Table 1, starting in 1967. It may be seen by 
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inspection that i n 1972 a major change occurred in the population of 

Pseudomonas . Prior to this year, only once, in 1967, had any strains required 

1.25% for inhibition. Indeed in 1970 the upper inhibitory limit was 0.312 %. 

However, in 1972, 6% of isolates actually r equired 1. 25 % of Sulfamylon for 

inhibition. Even more disturbing as an indication of increas ng resi stance, 

45 . 8% of the strains tested required 0. 625% for inhibition . The highest 

previous proportion with such an MIC had been 17% in 1971. At the opposite 

end of the spectrum, only 18.9% of strains were inhibited by 0 . 078% Sulfa

mylon or less . The lowest figure pr viously seen for this concentration had 

been 27.0 %ofstrains, in 1969 . 

This numerical distribution of sensitivity is illustrated succinctly in 

the cumulative sensitivity on an annual basis in Table 2. For 1970 and 1971, 

almost half the strains were inhibited by 0.078 .; of Sulfamylon; in 1972, only 

19%were inhibited al that level. It was necessary to use 0 .3 12 %, or 4 times 

as much Sulfamylon, to inhibit one- half of the strains in 1972. Most of the 

remainder were inhibited with 0 .625 %, but never before had such a large 

proportion of Pseudomonas strains )een resistant to the lower concentrations 

of Sulfamylon. It is not possible to say that the drug would be ineffective 

against Ps aeruginosa on burns eeded with s trains of this degree of resis

tance; but certainly the change was in a direction that did not bode wel I 

for antibacterial chemotherapy against thi population . 

The median value of sensitivity lo Sulfarnylon, calculated on an 

annual ba is, shows the trend in re pons e of these strains. Table 3 

presents th e median values for each year s i nee 1967. The pattern is one 

of increasing resistance until 1970, with that year being exceptional for its 

sudden increase in sensitivity. In 1971 the level rose, and in 1972 a marked 

rise occurred, to an unprecedented level of resistance. The median value 

of 0 . 316% is not reassuring as to the future usefulness of Sulfamylon, if this 

trend continues. 

The total incidence of Ps aeruginosa in the burn flora fel I during 1 72, 

and there was no increase in cases of Pseu omonas burn wound sepsis that 

would connote treatment failure. In terms o incidence of disease, frequency 
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with which high c.oncentrations of Ps aeruginosa were found in burn wounds, 

an'1 of presence of Ps aeruginosa as the predominant organism in the wound 

at autopsy, it may be concluded that Sulfamylon remained effective in control 

of burn wound sepsi •_; . Strains which required 0.625 % or 1. 25% for inhibition 

were tested for vi r ulence in the burned rat model, treated with Sulfamylon 

cream. These strains could be effectively treated in the experimental animal. 

Nevertheless, the shift of sensitivity of Ps aeruginosa to Sulfamylon remains 

a matter of concern and of more intensive monitoring, to be sure that any 

treatment failure due lo increased drug resi stance will be detected . 

Ps aeruginosa strain are differenti ated by bacteriophage typing, 

using the set of typing phages derived by Latta, Brame and Lindberg 

(Lindberg RB, Latta RL. Brame RE , Moncri ef JA. Bact . Proc. 1968, p. 85)
2 . 

The epidemiology of colonization and of nosocomial infection by trains of 

this ubiquitous spe ~1es ~an be monitored and evaluated by having avail ab l 

a means of differenti ating s trdin identity. Without such a tool, no rationa l 

differ entiation of s train behavior is pos s ible . In 1972, a marked change 

took place in phage type identities over that recorded in observations during 

t e preceding decade. A large part of the Pseudomonas population r ecovered 

in 1972 was non- reactive with the phage set that had previously been an 

effective typing system. A new modification was devised, in which the 

phage nontypahles were differentiated using lytic patterns of the pyocin 

type with undiluted phage typing fluids. Together these technics permitted 

differentiation and characterization of the type identities of over 95 % of al I 

strains examined. 

Typai'>le strains from 41 patients are presented in Table 4. These 

include nly the more frequently encountered types; as always. a large 

number of individual types which occur but rarely are not listed. since 

their incidence has no bearing on transmission on the burn ward . Type C- 26, 

D- 41, and F-21, together with several closely related types in the "D" 

group, showed a sen. itivity leve l within the limit of inhibition shown by 

the whole population tested . The majority were inhibited by 0. 156% of Sulfa

mylon . In type F- 21, a group of 4 patients, widely separated in time of 
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Table 4 
SULFAl'YLON S~ NSITI VJTY REArTJ0N or PPE0 0~INANT 

PHAG [ TYPES - 1972 

PATIENT ISOLATES WITH l'IH l'l!T IN : CC' NC [ NTRAT!ONS* AT 
NO. 1.25 0.625 0,312 o. 1 S6 1) ,078 0.0)9 0.019 
104 1 

114 1 
142 1 
qi. 1 1 
21) 2 

1 s 1 
8) 1 

100 1 
98 1 

2 37 2 

I 
199 2 

78 1 
247 2 

L ~ 1 

166 1 
278 1 1 (<, 0 19) 
2Sl ' I 2) 1 1 
21 6 1 (0-4 ) 2( 0 -4 ) ) 

I 167 1 
64 l(0-42) 

I 6) I (0-42 ) 
1)4 1(~42) 

1 z ) ) 

I 
1 oz 1 
118 2 
!4l 2 ' - ' 9 S 1 
124 ' f, ' 202 ' 4 
160 ' 192 ' 'r 2 

' !qi ' ' 5 16 1 

11)4 ' 02 ' I 54 1 
Hd ' 124 ' ' 2 ' 

,. 2 
,~ A 11 co,.cent rat i ons i n C.111,. / 100 "''· 
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admission, all required 0 . 31n of Sulfamylon for inhibition, and a com

parable proportion of D-41 strains showed an MIC of 0.312 %. The greater 

part of these strains were sensitive to 0.156% or less. 

Type F-12 was represented by only 6 strains, but the balance of 

sensitivity was clearly on the resistant side. At O. 625%, this type Y as more 

resistant than the average, even in 1972. The existence of resistant types, 

pers isting in the burn ward over at least several months. was again 

demonstrated . 

The nontypable strains were designated as NT-1 through NT- 2. 

depending on the lytic patterns which undiluted typing fluids elicited . 

Reactions of strains from 143 patients, collected during the entire year, 

are summarized in Table 5. There was an unequivocal cluster of relatively 

resistant strains in the group designated NT- 2,2a,2b, and 2c. Here, the 

great majority of strains were relatively resistant to Sulfamylon. One 

hundred seventy- three out of 183 strains required 0.6 5%or 1.25% for 

inhibition. These strains were the most common e ,countered during 1972; 

the higher types in numerkal order, from NT-3 to NT-20 1 totalled only 

32 strai 1s. Nine of these, in 2 types, required 0.625% for inhibition. The 

remaining 23 strains fell in an MIC range from 0.312 to less than 0.019. 

It was, then, apparent that the predominant types of Ps aeruginosa 

included a preponderance of relatively resistant strains. This group of 

organisms did not constitute an overwhelming majority. There were 175 

strains in the 0.625% and up brdcket of resistance; 104 were inhibited by 

0. 312 % or less, and of these. 74 had an MIC of O. 156% or less. 

There was no unusually high rate of wound invasion seen with strains 

of the NT- 2 group. Since they were nume r ically predominant, it would be 

expected that they would also be frequentl y encountered among isolates from 

blood, tissue and sputum, and t.his was indeed the case. Eighteen patients 

yielded NT- 2 types in blood cultures; 15 patients had other types. The NT-2 

group occurred in proportion to their overall incidence. In lung tissues 

at autopsy. 18 patients harbored NT-2 types; 29 harbored other types out 

of 47 patients with Ps aeruginosa present in the lung at autopsy. 
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Table S 
StJLC:-AMYLON-SENSTTTVJTY REA CTTONS or VARTntJS NON-TYPAl!LE STRAINS 

Non-typable Mo,of No.of 1. ?~ o. f-2 5 o. 312 0.156 o.oni 0,1"139 0.019 
5 train Pts. Strains gms. gms. o/ gms,o/. gms. o/ gmso/ gms,% gms,o/, 

o/, 

NT-1 13 19 5 12 1 1 

NT-2 4 6 3 3 
NT-211 17 48 11 36 1 
NT-2b 24 44 10 31 1 2 
NT-2c 44 85 4 75 1 4 1 

NT-3 1 1 I 

NT-5 4 5 5 

NT-6 2 2 2 (co19) 

NT-7 1 I I 

NT-8 3 7 1 1 3 2 

NT-11 2 2 2 

NT-13 4 5 2 I I 1 

NT-14 2 2 2 

NT-20 6 7 7 

Other 
Non-typ1t, les 16 33 18 4 j 6 2 

TOTAL: 143 267 28 177 22 18 7 9 6 
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DISCUSSION 

After several annual intervals in which it could correctly be stated 

that no Sulfamylon-resistant forms of Ps aeruginosa had been observed, a 

shift in identity of strains occurring on the burn wards of this Institute was 

accompanied by an abrupt increase in tolerance for Pseudomonas to a range 

of 1. 25% MIC. A large part of the total population of Ps aeruginosa belonged 

to one distinctive group designated as NT-2 on the basis of a pyoci n-phage 

lytic identification technic. It was found that this group of strains accounted 

for most of the resistant strains found . All NT-2 strains were not resistant 

but the great majority were. The strains were not refractory to trea ment 

of experimental burn wound sepsis, and the term "resistant" is used to 

designate their position at the upper end of the scale of sensitivity testing. 

They appear to be amenable to treatment with 10% Sulfamylon burn cream , 

and may well represent a transient phenomenon, in view of previo sob

servations on variations in types of Ps aeruginosa populating the burn ward. 

No previous incursion and persistence of a specifically identifiable type of 

Pseudmonas has been seen before, and the phenomenon merits further study 

to be sure that current concepts of topical therapy in burns remain valid. 
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ABSTRACT 

PROJECT NO. 3A161102B71R-01, RESEARCH IN BIOMEDICAL SCIENCES 

REPORT TITLE : BACTERIAL FLORA ON MILITARY BURN PATIENTS AT 
TIME OF ADMISSION TO THE INSTITUTE OF SURGICAL 
RESEARCH 

US Army Institute of Surgical Research, Brooke Army Medical Center, 
Fort Sam Hou_ston, Texas 78234 

Period covered in report : 1 July 1972 - 30 June 1973 

Investigators : Robert B. Lindberg, PhD 
Anthony A. Contreras, MS 
Virginia C. English, MA 
Ruth L. Latta, BS 

Reports Control Symbol MEDDH- 288 (R 1) 

Routine swab culture technic was used to sample 139 patients at 

time of arrival at the Institute of Surgical Research . The technic reflec

ted proportional distribution of species but was less sensitive in detection 

of small numbers of bacteria. Only 104 patients yielded positive cultures. 

Eighty-five per cent of the negative cultures were from patients sampled 

within the first 2 postburn days . Predominant flora on admission included 

Pseudomonas aeruginosa, Klebsiella pneumoniae, Enterobacter cloacae, 

Escherichia coli, and Staphylococcus aureus. Pseudomonas was most com

mon after 10 days postburn, as was Klebsiella. Enterobacter and Provi

dencia stuartii were most common at 3 to 5 days postburn; Staph aureus 

was at its maximum incidence soon after burning (0-2 days) or after 10 

days postburn. The incidence of species which predominate throughout 

the patients' course indicate that a continuous re-seeding of the burn ward 

population by incoming patients is virtually inevitable. It renders less 

probable the presence of an unmanageable indigenous flora peculiar to the 

burn ward. 

Burns Microbiology of burns Pseudomonas Providencia Humans 
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BACTERIAL FLORA ON MILITARY BURN PATIENTS AT 
TIME OF ADMISSION TO THE INSTITUTE OF SURGICAL RESEARCH 

With the reduction of forces engaged in ground combat in Vietnam during 

1972 , the proportion of patients admitted to this Institute from the Far East fell 

precipitously. This change in the patient population was accompanied by an 

altered bacterial population on the incoming patient. The flora of the incoming 

burn patient is important in offering clues as to the source of species and 

strains of bacteria that colonize the burn wound and which may be the 

offenders in actual wound infection. When an increase in incidence of a com

mon pathogen, such as Staphylococcus aureus, is believed to have occurred, 

any control measures must take into consideration the input of this species 

which occurs as part of the flora of the burned patient on admission . Attempts 

to eradicate a colonizing species from the burn ward population are fruitless 

if the organism is to be introduced into the burn ward with new admissions. 

This report is based on culture data obtained from 139 patients at time of 

admission to the Institute burn ward. 

METHODS 

Previous studies have emphasized the importance of contact plates 

as a technic for collecting the most precise information regarding surface 

wound flora (Lindberg RB, English VC, Pruitt BA,Jr. USA Inst Surg Res Ann 

Rpt FY 1969, BAMC, Ft Sam Houston, Tx . Sec 13) 1. The marked decrease 

of input of burn patients from the Far East, and altered emphasis on study 

priorities, led to suspension of this time-consuming technic, but admission 

cultures on an adequate sample of patients were obtained by using moistened 

cotton swabs for sampling, with a stable holding medium used for trans-

port of swabs to the laboratory. Unquestionably, this technic produced a 

smaller yield of positive cultures than did the use of a 100 mm diameter 

contact plate (Lindberg RB, Switzer WE, Moncrief JA, Mason AD,Jr. USA 

Surg Res Unit Ann Rpt FY 1968, BAMC, Ft Sam Houston , Tx. Sec 7) 2, 

but the positive findings still show the likelihood of presence of significant 

flora. These positive findings, compared with those obtained with contact 
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plates, indicate the relative distribution of flora on incoming patients in a 

more conservative manner: if these cultures are positive, then certainly 

more sensitive detection technics would only increase the number recovered . 

RESULTS 

The incidence of positive cultures on 139 patients sampled on admis

sion to the Institute of Surgical Research is shown in Table 1. It was 

evident on inspection that the rate of positive cultures was far below that 

obtained with the contact plate technic: that procedure yielded virtually 

no completely sterile p iates . However, the proportion of cultures positive 

for various species was not markedly unlike that obtained in 1970 with con

tact plates . Since the recovery rate was lowered by a less sensitive technic, 

a more realistic comparison with contact plate technics was obtained by 

presenting the incidence rate of species among those patients whose cul

tures were positive. The predominant species were Staphylococcus aureus, 

Klebsiella pneumoniae, ~scherichia coli, Enterobacter cloacae, and Pseudo

monas aeruginosa. Among all patients cultured, Providencia stuartii was 

recovered from 9. 3%, or 12. 5% of those with positive cultures. Thus, the 

opportunity for introduction of these species, which include those pre

senting the greatest problem of sepsis in the burned patient, is high. When 

more sensitive culturing technics were used, the recovery rates were in 

many instances much higher. 

Since the incidence rate of various opportunistic colonizing or invading 

species may vary with changes in the antecedent history of patients, and 

since the sampling technic was less sensitive than that used in earlier 

years, a comparison was made of the i1lcidence of the major species on an 

annual basis. These comparisons arP- presented in Tables 2. J., and 4. 

Each group of cultures is pre ented in terms of proportion of patients with 

positive cultures who harbored each individual species, over the period 

from O to over 21 days postburn at time of admission. 

Pseudomonas aeruginosa : Over the past 5 years, the rate of seed

ing of the burn with this important pathogen has been relatively low . Prior 

to 1972. a sharp rise in carrier rate on admission had always been seen. 
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Table 1. Cultures on 139 Patients on Admission to ISR: 
Swab Culture of Burn Surface - 1972 

Species 

Pseudomonas aeruginosa 

Klebsiel la pneumoniae 

Enterobacter cloacae 

Escherichia coli 

Serratia marcessens 

Citrobacter freundii 

Proteus mirabilis 

Providencia stuartii 

Mima-Herellea sp 

Staphylococcus aureus 

Staphylococcus epidermidis 

Streptococcus, non- hemolytic 

Corynebacterium sp 

Bacillus sp 

Candida sp 

No growth on swab culture 

Total patients cultured: 

Patients with positive cultures : 

% of a ll Patients 
Positive 

14. 3 

27.3 

30.9 

20. 1 

2 . 8 

1. 4 

8.6 

9.3 

4 . 3 

25. 1 

9 . 3 

2.8 

2.8 

8.6 

13 . 5 

25. 1 

139 

104 

% of Each Species 
Among Patients 

Positive 

19 . 2 

35.5 

41 . 1 

26.9 

3.8 

1. 9 

11. 5 

12.5 

5.7 

33.6 

12.5 

3. 8 

3.8 

11 . 5 

18.2 
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Table 4. Staphylococcus aureus and Staphylococcus epidermidis 
on Burn Wounds at Time of Admission to ISR : 1968- 1972 

Postburn Species and % of Patients Positive 
Interval Staph aureus Staph epidermidis 

68 69 70 72 68 69 70 72 

0 - 2 14 20 21 38 48 52 70 20 

3 - 5 13 26 36 22 30 26 27 14 

6 - 10 24 64 54 21 17 11 15 5 

11 - 20 28 43 54 38 30 21 8 5 

21+ 18 30 48 62 27 23 22 12 

It is distinctly possible that with increasing use of topical therapy on the 

burn at the hospital of initial admission, the general seeding rate is 

suppressed for a longer period. After the first week postburn, the likeli 

hood of presence of Ps aeruginosa increases somewhat but the rate has not 

been near the 50% rate recorded for 1968 and 1969. Agai n , more widespread 

use of topical therapy could explain this change . However, in the 11 to 20 

day postburn period, the seeding rate rises to half of the admissions. It 

has long been observed (Lindberg RB, Moncrief JA, Switzer WE, Mason . 

AD, Jr. Antimicrobial Agents & Chemotherapy, 1964, p. 708) 3 that the 

seeuing rate with Ps aeruginosa increases during the third postburn week, 

even with continued topical therapy . This pattern has continued to the 

present. The unexpectedly low value of 38% of positives after 21 days in 

1972 may reflect a relatively small sample of patients. 

Klebsiella pneumoniae and Enterobacter cloacae. E coli . The 

initial high seeding rate with these common enteric forms reflects the ease 

with which fecal contamination occurs. Klebsicl la and E coli are in the same 

range in the early burn; the higher rate of Enterobacter may reflect a greater 

affinity of this species for the early wound, since it is not that much more 

common in the grit . Klebsiella rises to a soi to 60% level on burns at 
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admission in later periods, and persists to the latest observations. The 

Enterobacter incidence stays high for the first week, then tends to drop some

what. Although it remains relatively common, ~coli, unlike the Klebsiella 

never really reaches a high level of incidence on incoming patients. Its in

cidence has remained relatively constant over the last S years. 

Proteus mi rabi lis and Providencia stuartii are closely related species. 

Other species of Proteus have appeared on wounds infrequently during 

hospitalization at this Institute, but have not been found at time of admis

sion. Neither of these species is common on the wound in the first 48 

hours, but they are consistently found. Thus, the presumed uniqueness of 

Providencia in this Institute is refuted by its appearance early in the post

burn period. Its incidence was higher in the 3 to S day interval in 1972 

than it •Nas previously, but its incidence rate has fluctuated widely in sub

sequent intervals postburn. The lessened inciden e in the admissions 

arriving more than 10 days postburn in 1972 has no immediate explanation; 

again, less sensitive sampling technic and a smaller sample contribute to 

such changes. This change was less marked with Proteus, the ubiquitous 

nature of the latter on older wounds may make its recovery more uniform. 

Staphylococci: Staph aureus has appeared as a major lethal factor 

in various forms of sepsis supervening in burn patients in 1972, and there 

is a natural desire to eliminate its presence in the burn population. Such 

control, were it to be achieved, would obviously need to start with diminish

ing the input of seeded patients as ready sources of new contamination. The 

record of seeding with Staph aureus on incoming patients is not encouraging 

in this regard. The carrier rate on arrivi;1g patients has fluctuated, but it 

is obvious that it has never been low enough, nor was it in 1972, to suggest 

that incoming patients wou Id not soon reexpose the ward population. The 

decrease in carrier rate in the 6 to 20 day postburn period since 1970 cor

responds to the reduction in patients from the Far East late in their post

burn course; it is probable that the heterogeneous patient population 

transported in CONUS offers less opportunity for cross-seedirg than 

occurred in long trans-Pacific flights with groups of patients in close 

proximity. 
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The pattern of cultures of Staph epidermidis has been one of initial 

seeding, presumably from the patients' endogenous flora, with a rapid de

crease in the carrier rate after the first week. This species rarely has 

caused infection in the burned patient. 

One-fifth of the Staph aureus strains arriving on incoming patients 

has been type 84, the epidemic type that has been persistent in the burn 

population of this Institute for over a year. 

DISCUSSION 

In view of a current problem which has been described as epidemic 

presence of Providencia stuartii and of Staph aureus type 84 on the Institute 

of Surgical Research burn ward, the bacterial flora of incoming burn 

patients remains of interest. The bacteria on incoming patients represents 

a source of new seeding of patients already on the wards and describes the 

natural history of typical burn wound microbiology at progressive intervals 

postburn. The early postburn wounds continue to exhibit a consistent low 

level of seeding with Ps aeruginosa, through the first 2 weeks. Normal 

fecal flora constitutes a major part of the admission flora, especially 

Klebsiella sp. Providenci~ stuartii was less common on incoming patients 

than was the case in 1970, but it sti II is present on significant numbers of 

incoming patients. Staph aureus is a major part of the early burn flora on 

incoming patients; the incidence was lower than in 1970, although this may be 

due to changes in sampling technics. The incoming patient harbors a flora 

that may readily be supplanted by resident microepidemic flora, but a com

pletely sterile burn ward would, with such patients, promptly acquire a 

population of bacterially seeded patients. 
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Sepsis has continued as a major cause of morbidity and death in burned 

patients, and the role of opportunistic bacteria in this situation is studied 

by assessing the bacterial population of wound, lung, urine and other 

pertinent sources in the burn patient. The predominant flora of the wound 

surface, deeper tissues, viscera, lung, and blood stream included Staphylo· 

coccus aureus, Pseudomonas aeruginosa, Klebsiel la pneumoniae, and 

Providencia stuartii. The occurrence of Escherichia coli increased slightly, 

but Proteus mirabilis decreased further in incidence in a pattern now of 

2 years' duration. Gram positive cocci tended to prevail in the early post

burn period , only to be replaced by Enterobacteriaceae, with a marked 

terminal increase in sepsis due to Providencia. Staphylococcal sepsis was 

more common in 1972 than was the case at any time in the past 6 years. 

Control of infect ion with antibiotic was hampered by the high incidence of 

resistant forms. 

Burns Staph aureus Providencia stuartii Sepsis Humans 
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PATHOGENESIS OF BURN WOUND INFECTION: 
BACTERIAL FLORA OF BURN WOUNDS OF MILITARY PERSONNEL 

RECEIVING SULFAMYLON TREATMENT 

Control of infection in the severely burned patient has been, and con

tinues to be, a major facet of burn care. Topical treatment with Sulfamylon 

has reduced the incidence of Pseudomonas burn wound sepsis (BWSJ to a 

low level. Those cases of BWS which do occur are, in most instances, late 

invasive sepsis occurring several weeks after injury in a patient who had 

surmounted the initial phases of injury through separation of eschar, with 

subsequent failure to form a granulating wound bed capable of accepting 

graf•-;. Such wound surfaces remain a serious threat to survival, and their 

involvement with a mixed flora of Enterobacteriaceae of several species, 

together with Pseudomonas and Staphylococcus aureus constitutes an infec

tion problem less c learcut than the classical Pseudomonas burn wound sepsis 

which occurred essentially as an infection caused by a single species, with 

onset usually within 10 to 12 days after injury. Changes in the in~ider.ce of 

the ·principal bacterial species concerned with infection in the burned patient 

occur, and these patterns of colonization and predominance have been 

assessed in this Institute with study of the variol.:s categories of cultures 

collected. The totals reported include strains collected in various prospec

tive studies which have been carried out during 1972. 

The bacterial flora observed during 1972 includes those species which 

were observed during colonization of the patient as well as strains recovered 

from specimens collected in attempts to diagnose and manage episodes of 

pneumonia and other systemic or local forms of bacterial sepsis in the burn 

patient. 

ANTEMORTEM BACTERIOLOGY IN BURNED PATIENTS 

Total Cultures. The bacterial flora recovered from clinical speci

mens in 1972 is shown in Table 1. The largest numbers of isolates were 

collected from burn wounds, sputum, and biopsies. The number of blood 

cultures taken was presented as the total specimens inoculated; 2 blood 
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l ,tbl e 1 bACTER IOlOCY or ANTEMORTE" 8URN PATIENTS 1972 

ORCANI S" SOURCE Al'IO NU"BER I SOlATES 

WOUNO STOOl BlOOC LUKENS URINE CATH . TIP IIOPSY TOTAl 

Surfaces Tube I. V. foley I SOlATES 

St a ph . coag. po , . 520 IOJ 107 26 61 26 78 924 

co•g . neg. 52 4 35 15 · 12 7 9 IJ5 

A I pl,• h""°I . \ trep 60 I 3 I 195 

Bet • h-,1 . \trep 66 I 8 I 80 

Group A ~trep S6 I I 2 63 

Non•h""°I. st rep 78 10 8 20 II 5 8 23 16 ) 

Di pl ococcus pneumon i ae 

Coryneb•c ter i um s p. 49 6 6 66 

Qac i I lu s sp. 22 II 5 7 50 

Pseudomona, sp, HI 45 J05 58 32 34 75 887 

Mim••Herel lea !lop. 41 4 2 54 

Aerorond S I iquefac i en'i J 5 8 22 

Kleb, l el la s p. 278 57 l7 221 37 23 40 80 773 

[nterob•cter •~rogenes 19 2 2 47 5 8 2 8 93 

c loacae 108 6 8 52 6 I J 12 SI 256 

hafn iae 2 2 5 

Serrat i a s p. 24 22 21 4 6 10 88 

E. coli 219 73 15 II 3 57 9 56 SI 41 S 

18 
Ci trobacter s p. 4 

8 
S.ilmooel l a typh irnur ium 6 

Proteus mi r ,._1b l 1 i \ 19S 22 JO 89 SJ 8 19 25 441 

vulgar is 2 I I 5 
2 

rett ge r i i I 
mo rga n ii 27 

4 40 

Prov i dence stuart ii 526 10 124 4J5 125 109 74 149 1S52 

Ne i!.ser-ia sp. 29 77 
106 

Candida sp. 70 23 7 I 21 J I JO 253 

No. of Specimens 1478 81 3520 721 528 62 0 205 J62 

No . of I solate s 2809 198 427 I 722 490 J 18 J 19 622 6696 

No. Patients Cultured 224 so 209 122 175 185 11 6 IOI 

Total Spec imen s Re ceive d: 7525 
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culture bottles were collected in each instance, so that 1760 sets were 

cultured. The proportion of patients regarded as possible bacteremia sus

pects obviously increased over the 1971 figure, when 1331 sets were 

collected. At least 28 species of bacteria were recovered. Predominant 

were Staph aureus, Pseudomonas aeruginosa, Klebsiella pneumoniae, am .. 

Providencia stuartii. These species constituted 61. 6% of al I isolates recovered . 

These same species were predominant in 1971. No significant increase in 

new opportunistic invaders occurred in 1972. The principal alteration from 

previous years was an absolute increase in the recovery rate of Prov. 

stuartii . 

The proportion of all isolates which the 4 predominant spec ies contribute 

has remained relatively constant over the past 4 years despite variations in 

emphasis on various aspects of infection in burn patients which has occurred 

during that time . The distribution of these species is summarized for this 

period in Table 2. The proportion of al I isolates made up by these 4 species 

varied from 52 to 61%. 

Bacteriology of the Burn Wound Surface. The burn wound surface 

is inevitably colonized by bacteria, no matter what type of antimicrobial 

topical therapy is used. Sulfamylon was not designed to prevent coloni za

tion, but to control BWS due to Pseudomonas invasion . The massive and 

prolonged colonization that is present from the first few days of burn to the 

time of closure by grafting plays a role that is not clear in the pathogenesis 

of infection in burn patients. In any event, the surface flora is invariably 

a matter of concern in burn therapy, and it represents the essential milieu 

for the bacterial population of the burn ward. 

There were 26 species (or genera) of bacteria recovered on burn 

wounds in 1972 (see Table 1) ." Many of these were numerically inconsequen

tial, but their capability to colonize the b n wound is thus documented. 

Species of enteric bacilli on ce considered in cuous opportunists, have today 

become problem species in burn patients; there is no assurance that this 

cannot occur with other speci es . 

Predominant species, and those of particular interest as pathogenic 
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agent in wounds are listed in Table 3. Seventy per cent of all patients admitted 

in 1972 were cultured at least once . This number of patients cultured is a 

higher proportion of admissions than had previously been recorded; it reflects 

the increased concern which has developed over the possible contribution 

of burn wound infection to an increased mortality rate in burn patients in 

thi s Institute . 

Staph aureus was the most common pathogen recovered on burn wounds. 

Th c train w r e predominantly phage type 84, and the homogeneity of this 

populat ion supports the conclusion that this type constituted a monotype epi

u •ml . p r p tuatcd by patient - to- patient transfer of strains on the burn ward 

(Bulow P . Ann NY Acad Sci . 182: 21-39, 1971) 
1

. The antibiotic resistance 

I •v •I of taphylococci was high. 

It h ould be noted that 30% of patients cultured did not harbor staphylo

~L I . Many of these patients were heavily colonized by gram-negative 

b a : •r ia . Ev n taphylococci thus could not be regarded as ubiquitous in 

th i ' burn p opulation. 

Kl eb s ie lla pneumoniae increased in incidence in 1972 to 43. 8% of all 

patients cultured, from the 25 .2% incidence recorded in 1971. Enterobacter 

c loacae showed a similar rise, but most of the other enteric species showed 

little change in incidence from previous years. An exception was Prov. 

stuartii, which increased from an incidence of 34% in 1971 to 49. 5% in 1972. 

Streptococci on Burn Wounds . In previous years, group A hemolytic 

streptococci were relatively rare on burn patients. The predominant strepto

coccus was a group D organism, essentially Enterococcus (Lindberg RB, 

Contreras AA, Pruitt BA, Jr, Smith HOD, Jr, Kirchgessner PM. USA Inst 

Surg Res Ann Rpt FY 72, Sec 19) 2 . However, in 1972 a new picture appeared; 

group A streptococci appeared in a series of explosive episodes. The rela

tive frequency with which this organism had previously been encountered 

is shown in Table 4. 

In November 1971, a change in prophylactic regimen for incoming 

patients was instituted. Prior to this date every patient admitted was plac d 

on a 5-day course of Penicillin G. The assumption was that this procedure 
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Table 4. Incidence of Group A Streptococci on Burn Wounds 

Year 

1969 

1970 

1971 

1972 

Nr. of Strains of Group A 
Streptococci Rec.overed 

8 

2 

1 

56 

would minimize the introduction of carriers of group A streptococci into the 

burn wa:-ds. On the premise that this constant use of p nici llin might exert 

a predisposing effect toward emergence of a resistant opportunistic flora, 

the regimen was discontinued. On 30 December 1971, the firc;t of a series 

of 6 patients was found to harbor group A streptococci on the burn surface . 

This was the first of 10 chronologically separate episodes, between January 

and September 1972, in which group A streptococci were recovered from 

the burn wound. A total of 31 patients yielded 56 strains. None of these 

patients exhibited major systemic invasion. However, the pathogenic 

potential of group A streptococci in unprotected burn patients is we·II docu

mented. If this upsurge of hemolytic streptococci was indeed due to the 

omission of prophylactic penicillin on admission, then the advisability of 

this omission merits, at least, careful consideration. 

Ps aeruginosa has continued to be a conspicuou p (ir t of the burn 

flora. There appears to be little clinical significance to s,.1ch colonization 

in most instances. Actual Pseudomonas burn wound sepsis, as an early, 

overwhelming, invasive process, was rare, as has bet!n the case since the 

initiation of topical Sulfamylon treatment of burn woun s. The emergence 

of a treatment resistant form of the organism is reported elsewhere in this 

report. 
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RESPIRATORY TRACT BACTERIAL FLORA IN BURNS 

Respiratory tract disease has become the most serious complication of 

burn injury in patients in the Institute of Surgical Research during the past 

4 years. During 1972 the number of samples of sputum and Luken's tube 

aspirates submitted for culture was 721, from 122 patients. This was a marked 

increase from the 287 samples from 94 patients recorded in 1971, and may 

well reflect at least an increase in concern over the etiology and pathogenesis 

of respiratory disease, if not an absolute increase in the proportion of 

patients who exhibit symptoms which call for bacteriologic study of the 

sputum. 

In sputum alpha-hemolytic streptococci were recovered fron 52% of 

all patients cultured. This constituted the normal flora of the upper respi ra

tory tract; it was not a pathogenic component of the respiratory problem. The 

microbial species associated with pneumonia in burn patients in 1972 are 

summarized in Table 5. The comparable figures for 1969 and 1971 are pre

sented to illustrate the relatively constant incidence of some species and the 

changes noted with others. 

Table 5. Species of Bacteria Recovered from Respiratory 
Tract of Burned Patients, 1969-1972 

% of Patients with Positive Sputum 
Species 1969 1971 1972 

Ps aeruginosa 52 39 38.5 

Klebsiella sp 64 45 58.8 

Enterobacter cloacae 11 27.0 

Proteus mirabilis 45 19.0 

Prov stuartii 54 33 56.5 

E coli 48 27.2 40.9 

Staph aureus 42 43 38.5 

Patients cultured 112 94 122 
I 
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The most frequently occurring gram negative species were Klebsiel la 

pneumoniae and Providencia stuartii. Ps aeruginosa has remained relatively 

constant in incidence in the sputum, and it appeared with the same frequency 

as did Staph aureus. Gram negative baci I Ii were present in the most intrac

table pneumonias, and have continued to constitute the most path enic flora 

in the lung of the burned patient. As noted in the section on antibiotic 

sensitivity of burn wound flora, these species were relatively resistant to 

antibiotics. In those patients who failed to survive and in whom pneumonia 

was a major factor in the lethal outcome, a frequent sequence of events was 

the emeryence of Prov stuartii and Ps ae_ruginosa as the sputum flora in the 

last 3 or 4 days of the patients' illness. These species have been found in 

a high proportion of sputa from fatally ill patients with pneumonia in 1971 

and 1972. 

SEPTICEf\.'1IA AND BACTEREMIA IN BURN PATIENTS 

Sepsis has remai J major cause of death in burns, and the identity 

of bacteria which invade the blood stream is of maximum interest in assessing 

the pathogenesis of burn mortality. Blood cultures ar~. of course, collected 

on some patients who did not show clinical signs of septicemia, and thus the 

number of patients cultured includes some who were not plausible candidates 

for bacteremia. 

With 209 patients cultured, there were 100 patients with positive blood 

cultures. This was a positive rate of 33. 3% of all admissions, and a 47% rate 

of positive cultures :imong those patients s~mpled. The septicemia rate was 

thus higher than was recorded in 1971 when 22% of all admissions had a 

positive blood cufture, and over 30% of those cultured were positive. The 

rate was far higher than was recorded in 1966 and 1967, when septicemia 

in burn patients was far less common than it has now become. With 1760 

sets of cultures collected, there were an average of 11 . 8 cultures on each 

patient on whom blood cultures were drawn. The comparable figure for 

1971 was 7.5 per patient. 

A resume of the bacteriology of blood stream infection in burn patients 

in 1972 is shown in Table 6. Predominant species recovered included 
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T•ble 6 . Blood Culture lsol•tes from 209 Burn Pulenu . 1972 : llelulon 
of species to lt>rt• 1 I ty In Specl mcns 

0IIGANIS" No . Puienu No. Blood No. P•tients % P•tienU with 
Pos i tive lsol•tn E• p l red Pos iti ve Culture 

I 

St•ph. co.g . pos. 51 102 25 
co.g. neg. 3 3 I 

Strep., Alph• hemol. I I 
6et• hemol. I I 
Gp A. I I I 
Non ·hefflOI . 8 8 7 

Coryneb•cter ium sp. 3 

8aci I lus sp. 13 16 7 

Prov. Hu•rt ii 50 116 38 76 .o 

Pseudofflon•s sp. 3 I ,., 26 

Klebs iel la sp. 20 35 15 7 .o 

"IN•Herelle• sp. 

[nterob•cter clo.c•e 7 9 6 
•erogenes 2 2 2 

E. coli ,,. 18 12 ,7 

Serr•ti• sp. 7 16 5 

Proteus mir•bilis 12 32 9 75 .o 
mor~ni i 2 2 I 

S•l..,nell• typhimurium 

C•nd id• sp. 6 8 ,. 
AeronmMs I i quef•c I ens 
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~taph aureus, Prov stuartii, Ps aeruginosa, Klebsiella pneumoniae, ~ coli 

and Proteus mi rabi lis. The gravity of illness varied with species; with 

staphylococcal septicemia, 49% of patients in whom a positive staphylococcal 

blood culture expired. This included, of course, a large number of patients 

in whom a succession of bacterial species were recovered. Patients in whom 

Staph aureus was the only species recovered showed the organism to be 

relatively inocuous. There were 14 patients in whom Staph aureus was the 

only species recovered from the blood. All 14 of these patients survived. 

Twelve more patients with blood culture positive for Stap~ aureus and for 

one or more other species survived. The other species recovered included 

gram positive cocci and bacilli; Enterobacteriaceae, Pseudomonas and 

Candida sp. The most extreme example of multiple positive cultures with 

survival was one patient who had blood cultures positive for Staph aureus , 

Providencia, ~ coli, Proteus mirabilis, and non-hemolytic (group D) strepto

cocci during his hospital course. 

The pattern of blood stream invasion was complex, in that a wide 

spectrum of successive positive cultures for different species was obtained. 

Blood culture findinqs on 100 patients with positive cl:ltures are shown in 

Table 7. About one- third of the patients had om~ species recovered; from 

2 species up to 9 were recovered with decreasing frequency. Twenty-five 

different combinations with ~taph jlureus occurred, and 25 with Prov 

stuartii. Six patients had only Prov st artii recovered and 4 harbored only 

Pseudomonas. The multiplici~y of combin-1tions of organisms involved in 

sepsis is a reflection of the opportunistic 11ature of septicemia in the severely 

burned. There did not appear to be a specifically lethal sequence, although 

Providencia and Pseudomona. appeared in patients unduly often in the last 

24 to 36 hours of life. 

BIOPSY OF BURN WOUNDS : BACT RiAL FLORA 

Wound biopsy in burned patient , as a means of obtaining meaningful 

data about the bacteriologic tatu of th wound, has become a commonly 

used procedure. There were 1(' 1 pal ient from whom b1 opsies were collected, 

a 24 increase in patients over those sampled in 1971. The major species of 
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TABLE 7 . BLOOD CULTuRES POSITIVE IN 100 BURNED PAT IENT S 
SPEC IES RECOVERED fRO" 1 NOI VIDUAL PA TI ENT S - 1977 

SPEC I ES RECOVE RED NO 
PATIENTS 

Stdphylococc u'-> Jur~u 'J 

Staohyl o OC C llS dure u 'J , Pro v . '> lU ,Hl i i 

Std ph, Ju reu s , Pro L 111i r ..tb i l i ... , CJ n did .. 1 
Prot . r-K> r g .. in i i 

Stdoh. au r cu, , P.-., .. 11 do 

S tdph. itur c u '> , Pr o v. , l(.lcb -,i c l l ._t, 
Heinol · Str cp, Gp. A 

StdPh, durcu s , P'J f'U (1 • , SJ l nl()nC 11 J 

St d oh . d u re u s , StJoh. LOall. nc o . 

St aoh . a u r u-, , Bdci I l u .., , ( J ndid a 

18 

St .. 1ph , a ur (• u -:. . K l -- b -.i\., 1 IJ, Pro v. , (. co l i , 
Ba e i I l u., , (n1 e1u. c roqcn c ., 

St doh durc• u ir.. , l< l ·•b \ i,•I I J , Prl1v ., 
B.Jc i I l u , Non HeMOI • t r e p , 

Stc1ph . ilurcu., , Ba c i 1 l u-, 

St oh. ,ll1 r cu -, , K.lcb c-.i 11 .,, Prov ., 
Pl.teud • , C..ind id.:i 

Stc.1oh . ..i u re us , Co r y ncb, c teriuri . '" er r a t i .. 1 

StJoh ... 1ureus , (. col i 

St ,1oh, t1urcu !» , Pro v .,Prot. Mi r ..1bi li s , 
~;"'c i ll u-, , Non Hcnol - Str e o. , E. co l i 

St a oh . aureu s , Prov ., Bt1ci llu s 

St a ph . au r eu s , Prov . ,Pseu do . , Serratia, 
Pro t . mird b i l i s 

Staoh. c1u r eus. Pr o v . , Bac i I l u -. , 
Non Herol • S t reo . 

St «>h . aureu s , t c,n d i dcl 

Sta ph. au r eu t; , l1r o , . , Pseudo . , E. co l i 
Sta ph. coag, n1 •9 . 

Sr aoh. aureus,Prov . . Pseudo., E. co li 

SPE CI ES RECOVE~ED NO 
PAT IENTS 

S t ~1 oh . .iu re u\ 1 K leb ie l l ,1 1 Pr ov 

St ,1oh . d u reu ", ,P r o v ., Cand id ,1 

Staoh. ,1ureu , , K lebsi e l l ,1, Prov , P,eudo . , 
Pro t. 111 i r .._1o i l i '!l ,No n Hemnl • S trl'o , ( . o l i , 
(nt . ,le "OQene".I, Ser r .._i l i •• 

St ,10h . .._1u rcu'!l , Kleb siel l t , Pr ov . ,P, eu do . , 
Pro t . r1 ir ,1bi I i-, , ~.,c, 1 l u , 

Pro vid,: nc i ,1 s tu,Hl i i 

Pr ov . , Kleb'!li«.•l l .1 

Pr u v . , K l c b -.it.•l l .._1 , P--.cu do 

Pr ov ., I( I t•b '!I i '-' 11 J , P-, eudo . , En t . 1 10 .1 , .._i t.· 

Pr ov ,, P,('u{1o .,No n Her1u l- St r l' D 

Pr v •• P".lc ucto .,Ent . c l o a1 a • 

Pr ov ., Pr o t. ri irabili s , Pr o t r r <1,1ni i , . co l i 

Prov . , P,cudo . 

Pro v . , P e udu ., Pru ! . ,.., ; r L1bi I i , 

Pr ov • • Kl e bsiel l a , Pr o t . mi r ,1b i I i c. , Se rr a t i ,1 

Pr ov ., Klcb .,i e l l a ,Ps cudo . , Nu n He1·10 I- S trco . , 

Pr ov . , Pse udo . , E. co I i 

Prov , C.1ndida 

Pro v. , Ps eu Serr ~ll ia 

Pro v. , Btl c il l us 

Kleb';, i el l a , Ent. c lo a c ae 

K l ebs i el l c1 , Ent. c lo .. 1cac , £. co l i 

Kl cbsiel l a , Sta ph. coa g . neg. , Ca ndida.E. co l i 
No n Hefll:>l•Streo., Mi rna , Scrra l ia 

6 
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TABLE 7 ~un!1nul.' d 

SPE CI ES RE CO VERED NO 
PAT I ENTS 

Pro t eu ~ mi r ~, b , I i, 

Prot . mi r .Jb i li,, Pseudo .• [. co l i 

A lphd -H en'OI - Strco. 

8 t:1 c i I l u-. 

Cor-;n• b.i ter 1l1m 

Bacil luc. , [ n t. t lod c 1e, E. ol i 

t ..- 1 1 Po., i t ive, 
No . ,f oa l i en ' wi ttl 0 C -. oe1. , ,, recove r e d JS 3 
No . of Pd l 'ent ~ wi lh two s oe r , c, re covered 2'! 2 
No . of o,H , ent c, w i t h three -. pec , e, r eco ve r ed I I 
No . of p,H 1c nt c, w it h f O l 1r -,oe c , c ~ re overed 8 8 
No. Of Odl I cnt., W I th f ive '> oe c i e, re tover(•d 1, ,. 
N ot o.Jt i en t s WI th ':Ji .-. >O< i es recove,ed 
No 0 ~ ri..1t i c nt ,, wi th .:.. e ve n S OC C i C"i r c covc red 
N I l)Ll t , ent s wi l h h i ne -.oe i e-, re co ve r ed I 

10 
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bacteria recovered are shown in Tabl 8, with comparable data for 1969 and 

1971 included to provide a pers pective on the trends related to species inhibit

ing the burn wounds. 

The 7 species shown were those prominent in all biopsy cultures per

formed . Staph aureus has been remarkably consistent; for several years, 

about 40% of the patients biop icd harobor this species. Prov stuartii, which 

has, in many respects, constituted the most serious bacteriologic problem of 

this Ins ti lute, varied more in its re covery rate; it was, however, undoubtedly 

the most frequently encountered organism in biopsies . Ps aeruginosa was 

less common than the 2 preceding organisms; its incidence is now in the 

range recorded for Klebsiella pneumoniae and g_ coli . The latter 2 have become 

more common in biopsies in the past year; they now occur in one-fourth to 

one-third of all patients biopsied. 

The percentage of patients with biopsies positive for a given species 

who subsequently expired, was determined in an effort to determine whether 

any species is especially prone to produce sepsis in the burn wound. The 

information derived is equivocal; each species has varied on a year-to-year 

basis in the frequency with which its presence antemortem has portended a 

fatal outcome. Staphylococci have fluctuated; Providencia would appear to 

connote a more serious prognosis in the past 2 years than it formerly did. 

Pseudomonas is another species that varies in a manner paralleling the 

Staphylococci. With Klebsiella and Escherichia, a plau"ible inference may be 

made that their presence in biopsies has had a progressively less serious 

prognosis, although the incidence of such isolates is increasing. 

There were 15 other species recovered from biopsied tissues, none in a 

high proportion of patients. Candida (primarily a lbican ) was present in 

22 % of the patients ; Enterobacter cloacae was found in 17° and Proteus 

mi rabi lis in 14% of al I patients biopsi ed. Micrococci, Gr up A treptococci, 

Group D treptococci, non- hemolytic s treptococci, Corynebacterium sp, 

Bacillus sp, Ente robacter aerogenes, Citrobactcr s p, Proteus rnorganii, 

Serratia marcessens, Mirna sp, and Aeromonas Ii uefacicns were also 

recovered. 
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PROVIDENCIA STUARTII IN BURN PATIENTS 

There is recurrent evidence of Prov stuartii as a major pathogen in 

burn wounds at this Institute. Further, this species has presented a uniquely 

virulent and extensive involvement, in contrast to the less frequent occurrence 

reported from other burn centers . A resume of the incidence of this species 

in clinical and autopsy specimens is shown in Table 9. It was a major part 

of the microbial population in every site cultured. Of particular import was 

the high proportion of lung samples at autopsy in which Providencia appeared. 

The incidence of Providencia has been discussed in each area of bacteriologic 

study, but its role appeared even more prominent when the various sites 

of culture were considered together. 

CATHETER TIP CUL TURES 

In view of the continued concern over the development of infection at 

the site of indwelling catheters, cultural surveillance of the catheter tip is 

maintained. There were 185 patients from whom catheter tips were cultured, 

with 620 individual catheter tips being sent to the laboratory. The bacterial 

flora recovered was not simply a reflection of the burn surface flora recovered 

(Table 3); species and incidence of recovery are shown in Table 10. The 

preponderance of Staph aureus and especially Prov stuartii are beyond the 

levels which would reflect simply surface contamination of the tip at the 

time of its removal. Conversely, the incidence of Ps aeruginosa and Kleb

siel la pneumoniae were far lower than would be plausible if their incidence 

were to reflect only the surface seeding of these species. That positive 

catheter tip cultures indicate, at least to a significant degree, the presence 

of bacteria on the catheter tip, rather than being .surface contaminati n, 

is further substantiated by these findings. 

DISCUSSION 

Sepsis as a complication of burn injury remains a major problem in 

treating patients with extensive burns. During 1972, the elevated mortaiity 

rate suggested that this problem had become more acute. The microbial flora 

of burn patients, including surface, lung and blood stream. showed the prin

cipal species concerned to be Staph aureus, Prov stuartii, Ps aeruginosa, 
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Table 10. Bacterial Flora of I. V. Catheter Tips from 185 
Burn Patients, ISR - 1972 

Species 

Staph aureus 

Staph epidermidis 

Streptococcus Group D 

Streptococcus Group A 

Non-hemolytic strep 

Bacillus sp 

Klebsiella pneumoniae 

Enterobacter aerogenes 

Enterobacter cloacae 

Escherichia coli 

Serratia marcessens 

Salmonella typhimurium 

Proteus mi rabi lis 

Proteus vulgaris 

Proteus morganii 

Providencia stuartii 

Pseudomonas aeruginosa 

Aeromonas liquefaciens 

Mima- Herellea gp 

Candida sp 

No. Patients 
Positive 

40 

12 

1 

1 

5 

1 

19 

7 

11 

9 

6 

1 

7 

1 

1 

50 

lu 

2 

2 

16 

% of Patients 
Positive 

21. 6 

10.2 

27.0 

9.7 

No . 
Isolates 

61 

12 

5 

1 

23 

8 

13 

9 

6 

1 

8 

1 

1 

109 

32 

2 

2 

21 
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Klebsiella pneumoniae . Burn wound sepsi s due to Pseudomonas was, as in 

previous years, rare. But the presence of large concentrations of Providencia 

in viable tissue as revealed by biopsy strongly suggests that this species 

possesses tissue invading capability. Klebsi e l la appeared to be more conspic

uous than in former years, in pneumonia, septicemia and other septic 

processes. Invaded tissue and pulmonary involvement appear to be 2 major 

sources for the sepsis that still occurs in burn patients. The control of these 

major bacterial species is not entirely effective because of the high levels of 

antibiotic resistance that are exhibited by these predominant organisms. 
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Phage typing procedures, which initially permitted typing over 90% 

of Pseudomonas rteruginosa strains, have, since 1970, shown a large increase 

in nontypable strains. To type this group, the phage typing battery of 18 

types was assessed for bacteriocin-like activity with un~Uluted phage fluids. 

A series of 13 reacting filtrates were demonstrated, and to these were 

added S bacteriocin-fluids from lysogenic strains collected from burned 

patients . The combination of phage and bacteriocin enabled type identities 

to be assigned to 1087 Ps aerguinosa isolates from 132 burn pat ients. Four 

NT lytic types and S phage types made up 64% of all isolates . A major 

epidemic due to NT-2 was recognized, 43% of all strains were of this type. 

Former major types which had been prominent unti I 1971 were present, but 

in low numbers. The relatively Sulfamylon-resistant NT- 2 strains occupied 

a peak period of 8 months in the burn ward, and at the end of 1972, had 

abruptly disappeared. 

Pseudomonas 
Phage typing 
Burn wounds 
Topical chemotherapy 
Humans 
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BACTERIOPHAGE TYPES OF PSEUDOMONAS AERUGINOSA 
FOUND IN BURNED SOLDIERS 

Despite the continued effectiveness of topical therapy in controlling 

Pseudomonas burn wound sepsis (BWS). the ubiquitous Pseudomonas 

aeruginosa has continued to play a major role in the pathogenesis of BWS 

primarily by exhibiting a marked propensity for colonization and invasion of 

the respiratory tract, and also by appearing in the blood stream of severely 

i 11 patients, often with no detectable antecedent lesion. Nosocomial infec

tions due to Pseudomonas have increased markedly in the past 2 or 3 years, 

and it has continued to merit a major effort in assessing its role and studying 

better methods for its control. The phage typing system developed in this 

laboratory (Lindberg RB, Latta RL, Brame RE, Moncrief JA. .Bact Proc 

1964, p.81
1
; Latta RL, Lindberg RB, Pruitt BA.Jr. USA Inst Surg Res 

Ann Rpt FY 1970, BAMC, Ft Sam Houston, Tx, Sec 182; Latta RL, Lin~berg 

RB, Brame RE, Mason AD,Jr, Pruitt BA.Jr. USA Inst Surg Res Ann Rpt 

"FY 1972, BAMC, Ft Sam Houston, Tx, Sec 233) has served as an effective 

method of differentiating strains of Ps aeruginosa for the period from 1962 

through 1970 . Beginning in 1971 and increasingly in 1972. a nontypable 

component of strains appeared. It was necessary to alter the technical 

approach to typing these strains in order to differentiate them. 

METHODS 

The incidence of nontypable strains from all sources was 19% in 1970; 

in 1971 this had doubled to 40% of all strains. In 1972. the nontypable rate 

was 68%. Obviously, the typing system was being matched against a popu

lation too dissimilar to permit its use as an identifying tool. 

Use of 100 x RTD. T l ,e Routine Test Dilution (not less than 1: 1000 

dilution ) was raised to 100 x RTD·. Most strains nontypable at RTD remained 

untypable. Even at 1: 10 dilution, phage lysis failed to appear. 

Use of Undiluted Typing Fluids. Undiluted phage fluids may contain 

pyoci n, and so the phage set was used undi I uted to use the pyoci n effect 

in lysis. Out of 18 phages in the typing set, 13 exerted a pyocin- type of 

lysis against test · trains. Five phages: 2, 7,352,Fl0 and M4, were inactive 
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when used undiluted. To replace them, 5 phages derived from lysogenic 

strains isolated from patients were used . These were designated #6, #7, 

#9, #25, and #37. The lysis obtained probably was pyocin-activated, but 

i ts nature awaits further study . In any event , a usable lytic system for 

assaying type identity was obtained. 

RESULTS OF COMBINED PHAGE- PYOCIN TYPING 

Phage types were obtainable on 32 % of all strains tested, and these 

are shown as phage types . The undiluted lytic effect is listed a!, NT (non

typable undiluted lysis). 

Three hundred patients were admitted to the Institute of Surgical 

Research burn ward in 1972. Of this number, 132 (44%) of these patients 

had at least one Pseudomonas strain submitted for phage typing; some had 20 

or 30 strains, and one patient had as many as 84 . For this reason, more 

importance is placed on the number or per cent of patients with strains of a 

given type to show the predominant types rather than the total number of 

strains, since a sin·g1e patient with a large number of strains, as the one 

mentioned above and possibly many of the same phage type, could load a 

particular group and distort the results. One thousand eight seven Pseudo

monas strains derived from many sources including the burn wound, biopsies, 

sputum, · blood, urine, catheters, etc, of 132 burned individuals comprise 

the 1972 study. 

The predominant phage types based on the number of patients having 

a particular type are listed in order in Table 1. The number of nontypable 

strains found in 1972 was unprecedented in our 12 year survey of Pseudo

monas phage types : an astounding 68%. Using concentrated phage solutions 

in the typ ing set up, most of the nontyable strains have been categor i zed 

and des ignated by NT followed by a pattern number : 1,2,3,4,5, etc. identi

fying these nontyable strains . Many patterns were found even among the 

nontypable strains using concentrated phage, but the great majority fell 

into several large categories. 

Four categories of nontypable Pseudomonas are shown, separated 

only by their different reactions with concentrated phage. The predominant 
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category of strains for 1972 were nontypable with the usual phage system. 

With concentrated phage, they were identified L ; pattern 2. Forty-three 

per cent of the patients had strains of this type, and they accoun ted for 39% 

of the total strains . 

Phage type 31, 44, 1214, 119X, F7 strains were the largest typable group . 

They appeared in 11. 4% of the patients and accounted for 8. 3% of the total 

strains. Only 4 strains of this type, occurring in 2 patients, were found in 

1971. 

Another group lysed only by undiluted phage fluids, designated NT-1 , 

constituted the third most commonly encountered type. It was recovered 

from 10.6% of the patients; 6.3% of all strains were type NT-1. 

Phage type 21, 68 reacted with phages in the typical manner. It was 

fourth in prevalence, and occurred in 7.6% of the patients . Only 2% of the 

strains were type 21,68, or pattern 041. This type had, in previous years, 

been relatively frequent in occurrence, although last year, in 1971, only 

one strain was found. 

The fifth most common forms, which occurred each in 5. 3% of patients, 

were phage type 16,44, 1214,68 (pattern C26) and 119X (pattern M2). C26 

was a new type, not previously observed, but type 119X has been a common 

type over several years. It was fourth in frequency in 1971. 

The sixth most common type was a phage-resistan~ strain designated 

NT-20 (reacting with undiluted phage fluid 68). These strains appeared on 

4. 5% of all patients, and were 1. 6% of all strains. They reacted only with 

one phage fluid. 

Strains of phage type 31 were next in order of occurrence. They were 

found in 3.8%of patients, and were represented by 1%of all strains. Phage 

type 31 (F12) were the fifth most common type in 1971. 

The eighth most common type was NTS, reacting with undiluted phages 

21,24,44, 1214,68, 119X. This complex pattern was reminiscent of the more 

extensive phage patterns that originally were observed in this Institute. NTS 

appeared in 3% of the patients, and made up 1.5% of all strains typed. 

These type categories made up a total of 63. 8% of all strains typed . Phage 
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types which occurred in fewer than 4 patients were not listed. This group 

included 64 different types, which indicates the vast array of phage types 

which occur in the burn ward. Despite the preponderance of NT-2, there 

were sti II a very large number of distinct strains making up the burn ward 

patient flora . The diversity of types also included the NT category, lysed 

only with undiluted phage fluids. 

This population represented a marked, unique change in lytic pattern, 

with loss of reactivity to the formerly effective spectrum of Pseudomonas 

strains . Previous patterns that had risen and fallen over several years, 

disappeared from the numerically significant scene in 1972. In 1970, 

patterns H3, M2, and F12 were present in significant numbers, together with 

13 other types which could be distinguished . In 1971, these 3 types plus M4 

were still present, although the reacting types were reduced to 7 which 

occurred in significant numbers . In 1972 only 4 of the previously described 

phage types occurred in significant numbers; 3 of these were still present 

H 3, M2 and F 12 . There were 3 other phage types recognized: F21, D41 and C26. 

The remaining strains were recognizable by the NT system, but not as phage 

types : Whether Lhis change is permanent ·c1nnot yet be determined. One 

obviou:; recourse to recognition of these nontypable strains wi II be to recover 

new phages which wi II be reactive. However, the labile nature of Ps 

aeruyinosa prompts a degree of reserve in further search for effective typing 

phdges until the current pattern of lysis has been confirmed for at least 

another 6 months . 

PSEUDOMONAS PHAGE TYPES OF BLOOD CULTURE STRAINS, 1972 

Because of the high mortality in burn patients showing a blood cul

ture positive for Pseudomonas, a close surveillance is maintained on these 

particular strains to detect a particular phage type which might be pre

dominant in this particularly lethal categor"y . 

During the year, 43 strains were recovered from 32 pati ents with 

positive blood cultures. Phage typing results of this series of strains are 

given in Table 2. The number of patients and strains for each month of the 
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year are listed to the left with the incidence of each phage type (Patients

Strains) during each monthly period on the right. 

It is readily apparent that NT-2 strains dominate this collection. 

Eighteen patients had 25 strains of this particular type. Phage Type Code 

A71 (2, 7,21,24,44, 119X,F7,M4) and NT - 1 each occurred in 2 patients. 

Except for these, no other phage type appeared in more than a single 

patient. 

As in the case of Pseudomonas strains from all sources, NT-2 strains 

were predominant in septicemia, occurring ·n a higher percentage of patients, 

56% as compared to 43. 2% in all cultures. A somewhat higher percentage of 

other NT strains occurred in this collection alsp,with 74. 4% as compared to 

68% overall. This increase reflected the higher incidence of NT-2 strains. 

Only 2 patients had multiple types . The high mortality rate in this group 

of patients is borne out in that only 3 patients survived. 

There was little to indicate that a particular septicemic organism was 

involved in this series. The incidence of Pseudomonas septicemia was higher 

than in 1971, but this increase was distributed over a total of 14 different 

types from 32 patients . 

PHAGE TYPES OF PSEUDOMONAS FROM POSTMORTEM LUNG TISSUES, 1972 

Pneumonia with predominant numbers of Ps aeruginosa present in the 

sputum has had a high mortality in patients at this Institute, and the nature 

of these strains has prompted scrutiny of the types of Pseduomonas found in 

the lung of the burn patient. One hundred and two strains of Pseudomonas 

from lung tissue of autopsies of 38 patients were studied for phage or lytic 

type. 

The phage types of these particular strains appear in Table 3. On 

the left is given the number of patients in each month and to the right the 

phage type code and number of strains. Patients were listed individually 

to show the multiple types which can occur within a single patient. At 

times, both a typable and nontypable strain would be recovered. Again, 

2 NT patterns might be discerned. The last patient in June had strains 

typed by NT system which fell into 3 different patterns when concentrated 

phage was used. 
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Tah1e J. Phage Types of Pseud01110na, frOlfl Post "'1rtem 
Lung Tl1,ue1, 1972 

No. of 
Phaqe Type Code • No. of Strain, Patl~ntl 

1 NT 2-2 I 
I NT 1-1 
I NT I .It I NTll-1 I 
I NT I .It 
I NT 2-'t I 
I NT 2-2 I I NT19-1 I 
I I c26-1 I 
I IM 2-1 lfT 2-1 I 
I lfT 1-3 
2 NT 2-7 I 
I NT 2-1 I I NT1Q-1 I 

I lfT20-1 I 
1 I F'21-'t I 
I I" 2-1 NT 2-2 I 
I I NT20-1 I 
s NT 2•8 I 
I NT s-i. I 
I I NT20-l I 
1 I F'21-'t I 
I I G 2-'t 
I I" It-I 
I NT 2-'t I 
I NT 2-1 I I lfT17-1 I 
I I ,21.1 I 
I I G22-1 NT 6-1 I I NT21-1 I 
I lfT 2-1 I 
I I NT17-1 I 
1 I G2~-1 
2 NT 2-6 I 
1 NT 5-1 I 
I I NT25-2 
1 A71-'t I 
1 I NT1S-1 I 

Phage 
Phage Type Type Phage Type 

Code 

2, 7, 21, 74, ltlt ,119X,F'7, M It NT 1 *21,2i.,1t1t, 1211t,68,73,119x ,F'7, 1116 
1,, ..... 1211t,68 NT 2 ~21),1tlt,1211t,(68),109,(119X),F'8 
11 ,lilt, 121 It, 119X ,F'7 NT 5 ''21,21t ,ltlt, 1211t,68, 119X 
44,68,119X,F'7 NT 6 *21t, 1211t,68 
ltlt,1214,68,152 lfT 11 *21,68,73,F'7 
44,119X NT 15 *21 ,68, 109, 119X ,F'7 ,"6 
119X NT17 *68,#9 
119X,F'7 NTl9 ,·,1211t,68 

NT20 *68 
NT 21 *68, 119X 
NT25 1'17, 16,21,21t ,ltlt,1211t, 73,109, 11911,F' 8 
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As in the case of strains from al I sources, and blood culture strains, 

NT- 2 strains were again predominant in the lung; 47. 4% ( 18) of the patients 

had 41 strai ns of this type. Four patients yielded 12 strains of NT-1. Next 

in frequency were phage type code F21 and NT20, each in 3 patients. Two 

patients each harbored phage type code M2, NT-5, NT-17 and NT-19. These 

types accounted for 82 of the 102 strains. Of the remainder, each occurred 

in only one patient. 73. 5% of these strains were nontypable with the standard 

concentration of phage. This value closely resembled the NT percentage in 

blood cultures. It was somewhat higher than that of strains from all sources. 

There was no plausible basis for concluding that there was a Pseudomonas 

type with a propensity for inducing pneumonia. Although the technic for 

delineating strains was changed to include a pyocin component, the type 

distribution pattern was not altered from the essential form that was observed 

when most strains were phage-susceptible. 

CHRONOLOGI(; DISTRIBUTION OF PSEUDOMONAS AERUGINOSA PHAGE AND 

LYTIC TYPES, 1972 

With the use of phage typing on susceptible strains and the concen

trated phage-pyocin effect on those not typable with phage, typing of Ps 

aeruginosa was more complete than was the case with only phage typing. 

The distribution of all strains recovered, ·on a chronological basis, reveals 

the pattern of persistence and disappearance of individual types. In view 

of the abrupt change in phage pattern which Pseudomonas exhibited in 

1972, this ecologic information is of particular interest since virulence and 

increased clinical involvement both suggest the possibility that a major 

change in the nature of the Pseudomonas problem may have occurred . 

Table 4 shows the monthly distr.ibution of Pseudomonas phage and 

lytic types, including those appearing i at least 2 patients. In previous 

years the number of types wa$ so great that it was often not feasible to go 

below types that occurred in at least 4 or 5 patients, or the Table would 

have become so unwielding that it would be noninformative. The fact that 

even with patterns appearing in only 2 patien ts, the total patterns were 

26, indicates that the spread of types was smaller than it had been prior 
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to 1972. Using patterns occurring in at least 2 patients accounted for 882 

of the 1087 scrains. The remaining 205 strains were of types each of which 

occurred in only one patient. 

On the left of Table 4, "Phage Type Code" lists the code either of 

Phage or the NT-code designation. Each block contains the number of 

patients and the number of strains (No. Patients ___ No. Strains ___ ) 

during the month it occurred. The right hand column lists the total of patients 

who harbored a given type and the number of that type recognized during the 

year. Since one patient could contribute strains in 2 or more different 

months, the monthly total of patients may exceed the actual total. Similarly, 

since one patient could harbor more than one type, the monthly totals of 

patients in the bottom row may not equal the totals by type. Note that the 

number of patients in January, February and December was small; Pseudo

monas carriers were numerous during the remaining 9 months. The pre

dominant type in each month is denoted by a heavy bordered box; the next 

most common type (s) if any, by a double Ii ned box. 

NT-2: The most common type by far, and present in a proportion 

exceeding any previous experience with Ps aeruginosa was NT-2. It was 

predominant (but only on 3 patients) in January, re-emerged as a secondary 

type in April, then was unequivocally predominant until November, when its 

numbers fell abruptly. There is no way to tell if this type had previously 

been present since the NT- system had not been developed. Future surveill

ance will determine whether NT-2, the "type of 1972 11 will reappear or be 

supplanted by other types. 

Phage Type F-21: This was the second most common type in 1972. 

They exhibited no lytic pattern suggesting any relationship to NT-2. They 

were present for 6 months and predominant from February through April, 

then disappeared in July. 

Phage Type D-41: This was the fourth most frequent strain in 1972. 

The incidence was never high, although in October it was the second most 

common type. This type has a long pedigree, both in this Institute and 

throughout the world. In 1963, type 21,68 (Code D41) was'the second most 
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common type at this Institute. From 1964 through 1966, covering the first 

3 years of the use of Sulfamylon burn cream, it was the most commonly en

countered type. It seemed to be inherently a prominent and persistent part 

of the flora. Then in 1967 it ivas seventh most common, and in 1968 through 

1970 was twelfth or thirteenth. In 1971 it was not listed in the table of 

types occurring. It has now re-emerged, ancJ from its pattern of persistence 

and past history, wi II be ohserved with especial interest. 

Types C-26 (16,44, ·:214,68) and M-2 (119X) were present in equal 

frequency as the fifth most common types. C26 strains appeared sporadically 

from February through October but never in large numbers. M2 occurred 

almost parallel to C26. M2 was recognized as far back as 1964; for the 

next 3 years it disappeared, only to reappear, especially on soldiers coming 

in from Vietnam. It has appeared annually since 1968, and in 1970 was the 

second most common type. 

NT-20 was the sixth most common type; it appeared between May and 

October in small numbers. 

The remaining types were present in numbers \oo small to merit 

separate discussion. They included the following: 

Type # Patients # Strains 

A-93 2 7 
0-42 3 9 
F-3 3 11 
F-12 S 11 
F-26 3 16 
G-22 2 10 
H-3 2 10 
M-4 2 3 
M-8 2 2 
NT-3 2 7 
NT-S 4 16 
NT-6 2 4 
NT-10 2 37 
NT-11 2 2 
NT-13 3 1'1 
NT-14 2 3 
NT-1S 2 24 

Type A-71, a previously unknown pattern, was the predominant 

strain In December, at a time when only 11 other strains were collected in 
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the entire month. 

Type H-3 (1214,68, 119X) was found on only 3 patients. This was a 

very important type until recently. In 1969 and 1970 it was the predominant 

type, and in those 2 years, 95 patients carried 241 strains. It presented at 

least 3 cases of treatment-resistant burn wound sepsis, although the strain 

was sensitive to O. 156% of Sulfamylon or less. The strain was common on 

Vietnam returnees, and its present fall to a low incidence may reflect its 

relative s<;arcity in the United States. 

Type F-3 was, in 1972, found in only 3 patients, with 11 strains. In 

1971 it was the predominant type; it appeared for the last 7 months of the 

year and was the first unequivocally "resistant" strain of Ps aeruginosa 

encountered: 34 out of 38 strains had an MIC of 0.625%. Obviously it 

disapp, .ared after 1971, and the resistant strains of lytic type NT-2 have no 

relation, in phage/lysin pattern, to type F-3. 

DISCUSSION 

The population of Ps aeruginosa did not fall in 1972, but the identifi

cation jnd the entire typing concept, which had been effective in tracing 

identities of infecting strains for 11 years, had to be changed to enable the 

laboratory to continue differentiating strains of Ps aeruginosa. The non

typable problem, which had gradually increased in the past 2 years, 

suddenly assumed proportions that required development of a new technic. 

Es~entially , · all strains were phage-typed, and the nontypables were 

characterized with undiluted phage, or in essence, a pyocin-type of reaction. 

Selected strains of the standard typing set produced adequate bacteriocins, 

and several more were collected from lysogenic patient strains. This bacterio

cin set permitted identification of the phage-nontypable strains·; for the first 

time, all strains collected could be yped. 

The specificity of phage typing appeared to be continued in the 

bacteriocins and the patterns they produced. The population of pseudomonads 

did not break down into as many types as were formerly found with phage 

typing alone. This difference was due to the very large number of strains 

of NT-2 type, which constituted an epidemic peak of Pseudomonas incidence 
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never before seen in this Institute. Coupled with a new high in Sulfamylon 

"resistance", this picture made it clear that continuous monitoring of Ps 

aeruginosa in a burn unit is essential. The variations in type identity sti II 

indicate that new strains are being introduced to the burn ward on a con

tinuing basis. 
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ABSTRACT 
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REPORT TITLE: BACTERIOPHAGE TYPES OF SERRATIA MARCESSENS FROM 
BURN WOUNDS OF MILITARY PERSONNEL 
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One hundred and fifty-seven strains of Serratia marcessens from pat ients 

in the Insti tu te of Surgical Research burn ward and from Brooke General 

Hospital wards were typed with the phage system developed here. Thirteen 

types were recogn ized in the burn ward, with one epidemic type, 11, as the 

major strain. This is the first time an actual monotype epidemic has occurred 

in 7 years of survei I lance. In Brooke General Hospital a presumed epidemic 

was shown to be a heterogeneous collection of types, with no pattern of 

tra smission to indicate that an epidemic situation was present. The useful

ness of phage typing as a tool for assessing nosocomial infections due to 

S ma rcessens was affirmed. 

Burns 
Serratia 
Bacteriophage 
Humans 
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BACTERIOPHAGE TYPES OF SERRATIA MARCESSENS FROM 
BURN WOUNDS OF Ml LITARY PERSONNEL 

The importance of gram-negative bacteria, including Enterobacteriaceae 

~ in burn wound colonization and infections has been made abundantly clear 

in recent years. The importance of epidemiologic information on the spread 

of such species is rendered even more important by the increased awareness 

of such species in nosocomial infections. The intensive cross-contamination 

and transmission problems that appear in the burn ward may wel I offer 

insight which can be applied to the problem of opportunistic enteric flora as 

a factor in nosocomial infections. 

The genus Serratia, essentially represented by a single species, 

Serratia marcessens, has been observed frequently as an opportunistic 

infecting agent in burn wards. as wel I as in general hospital wards. Its 

incidence in the Institute of Surgical Research has not increased dramatic

ally in the past year, but it continued to appear in episodic fashion. Typi

cally, one patient would be identified with a positive culture, followed by 

a prompt appearance of Serratia on several other patients, fol lowed by its 

disappearance from the ward. Seven patients had Serratia septicemia; 5 

of these died . 

Continued surveillance of this species has been carried out in this 

laboratory. using a phage typing which was developed in this laboratory 

(English VC, Latta RL, Brame RE, Lindberg RB. USA Inst Surg Res Ann 

Rpt FY 68, Section 32) 1. 

METHODS 

The technics of typing Serratia with bacteriophage are essentially 

those of Adams (Adams MH. Bacteriophages, NY. lnterscience Pub, 1959) 2 . 

The system has remained specific. No cross-reaction with Klebsiella sp 

or Enterobacter sp has been observed . 

. Recognition of strains does not rely on pigment formation . Over 

65% of isolates from Institute of Surgical Research patients were achromogenic. 

Strains are recognized as non lactose fermen 1 ing, and a convenient attribute 

for detection is formation of a small amount of gas in glucose (inverted tube). 
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Differentiation from Enterobacter liquefaciens is by fermentation of arabinose 

and ra finose, which are negative with Serratia. 

RES UL TS OF PHAGE TYPING 

One hundred strains of~ marcessens were recovered from patients on 

the burn wards of this Institute in 1972. An additional 56 strains were 

received from Brooke General Hospital, where cross-infection or nosocomial 

infection problem was postulated. Typing of isolates was a major factor in 

determining whether an outbreak did indeed exist. 

Strains were recovered from 27 patients in the Institute of Surgical 

Research burn wards . The i:dequacy of the typing system was indicated 

by the fact that 89 out of 100 were typable. Only 43 out of 57 strains re

covered in Brooke General Hospital were typable. The greater typable rate 

in this lnstitute's wards may well be due to a more localized transmission 

pattern, with fewer exotic sources of strains. 

Phage types of S marcessens recovered from burn patients are shuwn 

in Table 1. The number of patients harboring a strain is, of course, more 

significant than the number of isolates collected, in terms of the type distri

bution. There were 13 types; obviously type .11 was the only predominant 

type in this year. Reactivity to this phage was widespread; 11 of the 12 

patterns observed included it. Phage number 11 has continuously been a 

highly reactive entity, but never before had it been predominant. 

Predominant phage types observed over the past 6 years are summarized 

in Table 2. In 1967, 1969, and 1970 the predominant type was 5,7,9, 11, 15, 18; 

in 1968 it was one of 3 equally prominent types, and in 1971 it was one of 2 

types that occurred in significant numbers. In 1972 it did not appear. Its 

abrupt disappearance reflects the unequivocal preponderance which one type 

showed in this year. It would appear that the phage type pattern has grown 

narrower with the passage of time. The sources of these strains have not 

been obvious since the cessation of combat in the Far East; incoming microbial 

flora is far less profuse in CONUS pati.ents, since their arrival time is usually 

earlier in the postburn period. 

Mixed infections with multiple types occurred in 4 patients. The 
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Table 1 
PHAGE TYPES OF SERRATIA MARCESSENS 

RECOVERED FROM BURN PATIENTS 

PhagP. Type ~umber of Nu1T,ber of 
Patients Isolates 

1,i;,7,q,11,15 1 1 
1,S,7,11,15,18 1 1 
3,S,11,15 1 1 
3,11,15 1 9 

S,7,9,11,15 1 1 
S,7,11 1 1 
5,7,11 ,15 1 3 
S,9,11,18 1 1 

7 1 4 
7, 11 1 1 
7,11,15 1 1 

9, 11 2 

11 19 63 

NT 2 11 
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Table 2 

c•nf'MS ! '.) ~· CF Yl: .l\qL y pDn~," M ni~NT PHA;,F T YPF'S 

Year Phage Type ~l umher of t,lumber of 
Patients !so 1 ates 

1972 11 19 63 

3,S,7,11,15,18 s 11 
1 971 

5 , 7 , 9 , 11 , 1 S , 1 8 :': , 3 7 

S , 7, 9, 11 , 1 S , 1 8:': 10 29 

1970 S,7,9,lS,P~ A 9 
1 S 8 13 -
S, 7 , q , 1 I , 1 S , 1 ~-:: 10 19 

1 969 5,7, 9, IS,1=3 4 4 

7,9,IS 7 s 
1 S s s 
S,7,9, 11, 15, 19 :: 7 18 

1 68 
S,7,15 7 7 

11 , 1 S 7 16 
IS q 16 

l,S,7,9,11,15,1q f., 8 

~,5,7,11,15 5 21 

1 67 l,S,7,11,15,18 s 7 

S , 7, 9, 11 , 1 S , 1 R·:.- 12 21 

11 s s 
:': Th, s typP. among predooi nant a11 y~ars prior 

to 1972 

·--
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variations are shown in Table 3. Patient 132 harbored 4 types. only 2 of which 

might plausibly be related. On admission he harbored type 5. 7. 11, 15; this 

type was found 6 days later in I. V . t ip and blood culture, and 29 days 

later in a wound culture. He had ty pe 7 over a 3-day period o.,e week after 

admission, twice in blood cultures. Only late in his course, 3 months after 

admiss'ion, was a wound culture positive for type 11. 

Patient 242 yielded 2 different phage types from autopsy tissues. No 

antemortem isolates were recorded for this patient. Patiem 268 also harbored 

2 types in successive wound samples taken at autopsy. Finally. Patient 247 

had a succession of strains of type 3, 11, 15 over a 3-day period. with a type 

11 appearing on the third day. These latter samples were from biopsies; 

the patient subsequently experienced Pseudomonas septicemia and expired 

with Providencia sepsis. 

The appearance of~ marcessens is an episodic pattern. with long periods 

in which it is not seen , strongly indicates an epidemic potential of spread in 

an environment wel I provided with susceptibles. Table 4 shows the chrono

logic record of type 11 in the Institute of Surgical Research burn ward . The 

admission dates and dates of first isolation show that in most instances the 

patient had been on the ward for more than .a week before he first was seeded 

with ~ marcessens type 11. Further. the initial positive culture dates suggest 

that episodes of infection occurred during the first week post-admission on 

July 27, August 4, August 25, September 5 and 15, October 10-17, and 

Noyember 27 extending into December. This transmission pattern is not one 

that would be legible if multiple types were present, but the monotype pattern 

makes it discernible. 

Serratia Types in Brooke General Hospital. Typing of Serratia 

strains collected in the wards of Brooke General Hospital was carried out 

to determine whether an epidemic of Serratia infections did indeed exist. 

The pattern of distribution was sufficiently heterogeneous to negate this 

supposition (Table 5). The sources of strains were varied and no plausible 

centering of types occurred. 

Ther~ were 18 phage types r,!covered among patients at Brooke General 



13-6 

Table 3 

St-rratia Pha1e Type ; n Patients with 
Mu 1 t i µ 1 e Types 

!SR - 1972 

Pctti e l"lt Adnission Phage Type --··!)ate 'iource of 
' lumber '1ate Isolated Culture 

132 Fi-n-72 S,7,11,15 6-9-10 I. V. t; p 
7-17-22 Left arm 
6-19-26 R1ood 

7 6-19-10 T. V. tip 
6-?0-lh lllood 
'--20-15 Rl:,od 
6-:>1-?9 L.forearm 

7, 11 , 1 5 6-17-22 L. c\rm 

11 g.5.A DrainagP, 
L.shin 

2l·2 1 ().20-72 S,9,11,lR 10-l0-25 Liver 

9 , 11 10-26-1 Lukens 
10-l0-27 RUL ·---

2'11 11-2t.... 72 ? , 11 11-n-R PM s,:ecimen 
II 1 

11 11-27-'3 PM spccbi':'·' 
I/ 1 

1 n-27-72 l, 11, 15 10-2~-5 L. groin 
( 2 is " l:it cs) 

1 ri-2~-6 L. calf 
1 •)-31-5 L. leg 
M-31-6 L. leg 

(2 isolates) 
11}-ll-16 L. Jpg 

( 2 isolates) 
1 ".l-~1-17 P. leg 

11 10-11-17 R.leg - -·----- - - -
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Hospital. These were organized as to sources in terms of wards or clinics 

(Table 6) . It was then quite apparent that the population was entirely 

diverse and there was no indication of a bui Id-up of an individual type in 

any ward or location. Such has been the usual pattern in the Institute of 

Surgical Research burn ward. The presence, in the burn ward in 1972, of 

an epidemic type, suggests that conditions for transmission of such a strain 

muc:;t have been optimal in contrast to those observed in previous years. 

The pattern of distribution in Brooke General Hospital shows the 

strong likelihood of a succession of outside sources feeding in strains to the 

wards. Type 11, as an example. was not found adjacent to Ward 14A, in the 

main hospital, but was recovered from 3 different wards in Beach Pavilion . 

Had it indeed been carried from the burn ward , it should have appeared in 

adjacent wards . This did not occur . The typing data ruled out the existence 

of a Serratia epidemic in the population of Brooke General Hospital. 

DISCUSSION 

The feasibility of differentiating strainsof ~ marcessens by the typing 

s·ystem devised in this laboratory was affirmed by the testing performed on 

157 stra ins of Serratia in 1972. Two epidemiologic facts were uncovered : the 

presence of a virtual epidemic strain of~ marcessens in the burn ward of 

the Institute of Surgical Research; and the absence of an epidemic in the 

hospital wards of Brooke General Hospital. This was the first time that 

unequivocal epidemic spread had occurred in the burn ward; its implications 

as far as ward management and patient care are extensive. One must presume 

a competent reservoir of Serratia to permit this transmission of a single type 

over a period of time . It is entirely possible that a sequence of seeded patients 

could account for this phenomenon. As with other tracer methods, the 

spread of~ marcessens in a monotype pattern may be a useful tool for 

detecting defects in burn ward tcr.hnic and procedures. 
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2. Adams MH. Bacteriophages. New York, lnterscience Pub., 1959. 

PRESENTATION 

Lindberg RB. Symposium on Identification of Commonly Encountered 

Gram-Negative Bacilli held at Univ of Pennsylvania, August 1, 1972. 

PUBLICATIONS 

None 
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23. (U) Ten per cent Sulfamylon acetate burn cream ls dn effective topical agent when 
applied to burn wound Lo control bacterial population. During the latter stages of 
eschar separation where residual eschar is interspersed between areas of open granula
l ion, Lhe app Ii cation of the cream is made di ff i cu It and the cream adheres poor I y to 
areas of open granulation tissue. Five per cent Sulfamylon acetate solution Is used to 
fac i litale removal of the residual non-viable tissues in \-1ounded soldiers. 
24. (U) 5% Sulfamylon acetate is used as a debriding agent by applying gauze sponges 
soaked in Lhe solution lo Lhe burn wound and wrapping the area. The sponges are soaked 
with he solution periodically and changed completely anywhere from 4 to 6 hours • 
Since I Feb 72, the gauze sponges have been applied soaked with the solution or with 
normal sol ine, al lowed to dr~, and removed dry every 6 or 8 hours. 
25. (U) 72 07 - 73 06 By using 5% Sulfamylon acetate solution as wet soaks, residual 
non-viable tissue can be removed by mechanical action as the gauze dressing is 
changed. A level of bacterial control is maintained within the burn wound by using 
the solution. Less than 20"/4 of the total body surface should be treated on such 
dressings at any given time. Allergic reactions manifested as a rash developed in less 
than 15% of patients studied, No leukopenla or fall in hematocrit was associated with 
use of the solution. No hyperventilation was attributable to use of the solution. 
There was no significant change In the burn wound flora and no Pseudomonas burn wound 
sepsis developed during the study period. Presently quantitative wound cultures are 
being done to determine the solution's role In suppressing bacteria. Length or treat
ment utilizing normal saline and the solution is being done to determine whether or 
not the solution retards the debrldement process. 
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ABSTRACT 

PROJECT NO. 3A161102B71R-Ol, RESEARCH IN BIOMEDICAL SCIENCES 

REPORT TITLE: FIVE PER CENT AQUEOUS SULFAMYLON SOAKS USED IN 
TOPICAL TREATMENT OF BURNED SOLDIERS 
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Ten per cent Sul famylon acetate burn cream as a topical agent 
Is applied to the wounds of burn patients to control the bacterial 
population . During the later stages of eschar separation, where 
residual eschar Is interspersed between areas of open granulation, 
the application 0 f the cream is difficult and the cream adheres 
poorly to areas of open granulation tissue. Its application at this 
time may dislodge adjacent homograft. To fill this therapeutic 
void, 5% Sulfamylon acetate solution soaks have been applied to such 
wounds in order to facilitate debridement of the residual nonviable 
tissue by mechanical action of soak changes while maintaining some 
element of bacterial control within the burn wound. 

Burn 
Eschar separation 
5% 5ulfamylon acetate solution 
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FIVE PER CENT AQUEOUS SULFAHYLON SOAKS USED IN 
TOPICAL TREATMENT OF BURNED SOLDIERS 

Forty additional patients were included in this s tudy, bringing 
the total number of patients to 120, using 5% aqueous Sulfamylon soaks. 
The burns have ranged between 5% and 70% of the total body surface with 
the majority of the wounds being third degree in character. No more 
than 20% of the body surface is included at one time in a dressing. 

The 5% Sulfamylon acetate solution is applied to wounds which have 
been wrapped with coarse mesh gauze and 4 x 8 inch sponges. The solution 
is applied to the dressings every 3 to 4 hours and the dressings are 
changed every 6 to 8 hours. Records are kept of the patient's age, 
weight, height, the extent of the burn (both total and full thickness) 
and note has been made of the occurrence of any skin rash indicative of 
hypersensitivity which is known to occur in approximately 7% of the 
patients treated with Sulfamylon burn cream. Occurrence of skin rash 
necessitates treatment with an antihistaminic and if such is ineffect
ive In controlling the rash, Sulfamylon soak therapy is discontinued. 
Hyperventilation is recorded and a weekly CBC is obtained. The burn 
wounds are monitored daily and any evidence of bacterial overgrowth 
recorded and documented. Rapid bacterial proliferation is cause for 
re-institution of Sulfamylon burn cream therapy. 

White blood counts with differentials and hematocrits were 
followed biweekly during treatment. At no time was the white count 
depressed. No fall in hematocrit was attributable to use of the 5% 
Sulfamylon acetate soaks. 

Hyperventilation which has been reported in treatment of burns 
with topical 10% Sulfamylon cream was not noted in any patients 
treated with the 5% acetate soaks. Strikingly less cutaneous pain has 
been noted with the 5% soaks as compared to the 10% cream when applied 
to comparable burns. 

Wound cultures were obtained prior to the use of the 5% aqueous 
Sulfamylon acetate soaks and biweekly thereafter. All wounds had been 
previously treated with topical 10% Sulfamylon cream. There was no 
significant change in the-bacterial flora of the wounds. Common 
organisms Isolated were Staphylococcus aureus coagulase positive, 
Providencia stuartii, and Pseudomonas aeruginosa. At no time did 
Pseudomonas burn wound sepsis develop during treatment. Allergic re
actions as manifested by an erythematous rash were noted in 14% of 
the patients. Anyone known to be allergic to sulfa drugs was excluded 
from the study. Patients developing a rash characteristic of a sulfa 
allergy were treated with an antihlstaminlc such as benadryl which 
usually controlled this side effect, and if such treatment proved to be 
unsatisfactory, the drug was d:scontinued. This unexpectedly high 
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Incidence of apparently related skin rashes is being more closely 
scrutinized. 

SUMMARY 

Five per cent Sulfamylon acetate soaks have been found to be a 
safe, useful variant of topical chemotherapy of the burn wound. A 
surprisingly high incidence of cutaneous hypersensitivity is of little 
apparent significance clinically, but Is potentially limiting. De
brldement of residual nonviable tissue from burn wuunds Is hastened 
by use of the soaks after the bulk of the eschar has separated. 
Bacterial control with the 5% soaks Is felt to be less than with the 
10% Sulfamylon burn cream, but the bacterial density rem~ins at 
clinically safe levels. This "limited" bacterial proliferation 
recommends limitation of soak application to limited surface areas, 
I.e., no more than 20% of the total body surface at any one time. 

PUBLICATIONS AND/OR PRESENTATIONS 

None 
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ABSTRACT 
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Use of 10% Sulfamylon burn cream has markedly reduced the incidence 

of burn wound sepsis (BWS) due to Pseudomonas aeruginosa. As with all 

chemotherapeutic regimens directed toward suppression of bacteria, emer

gence of drug-resistant strains is a potential hazard that is guarc. ed against 

by continued monitoring of sensitivity by in vitro testing. Althou~h over a 

period of several years median sens1tivity varied in the range from .083% 

to 0 . 176%, there have been occasional episodes when sensitivity leve ls rose 

to 0. 625% to 1. 25%. During periods when such strains pervaded the burn 

ward, a small number of classical BWS cases occurred. The offending 

strains were relatively resistant to Sulfamylon in vitro (MIC 0. 625 or greater) . 

They were not highly virulent, but rats seeded with them could not be sav ed 

with topical Sulfamylon. Strains of other types, non- epidemic but with 

MIC of 0. 625, were not treatment-resistant. The virulence mechanism 

differs from the typical Sulfamylon-sensitive strain since treatment with 

this drug does not alter the outcome. 

Burn wounds 
Sulfamylon 
Pseudomonas 
Rats 
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DEVELOPMENT OF PROPHYLACTIC TOPICAL THERAPY FOR 
USE ON BURN WOUNDS OF MILITARY PATIENTS : SEARCH 

FOR IMPROVED FORMULATIONS 

With the use of 10% Sulfamylon cream in topical treatment of severe 

burns, the incidence of invasive Pseudomonas burn wound sepsis (BWS) 

has been markedly reduced. The protection afforded by this drug was 

directed toward Pseudomonas aeruginosa, the only species with which BWS 

t ,as been created in an experimental model. In any chemotherapeutic anti

microbial system, the appearance of resistant bacterial strains is a possi

bility, and because of this possibility, surveillance of Ps aeruginosa from 

patients on the Institute of Surgical Research burn wards has been carried 

on routinely since 1965 . The tests were conducted using dilutions of 

Sulfamylon in agar, from 0. 019% to 2 . 5%, wi th seeding of approximately 

1000 cells of a 4-hour culture of the strain being tested. Although their 

incidence was much reduced when Sulfamylon was introduced, cases of 

BWS sti 11 occur despite prompt topical treatment. 

The actual number of such cases hus been smal I, but the implication 

of a treatment-resistant strain of Ps aeruginosa has prompted detailed study 

of the Sulfamylon-sensitivity and of the invasive, lethal characteristics of 

strains isolated from such episodes. A distinctive behavior of virulence 

and response to therapy of isolates from Sulfamylon-treated BWS has been 

observed. This study reports these results . 

The overall susceptibility of Ps aeruginosa for Sulfamylon is indicated 

by the median level of inhibition as it has been determined on an animal 

basis . This is defined as the concentration at which 50% of the strains tested , 

e!:! annum, are inhibited. The median ranged from 0 . 083% in 1967 up to 

O. 176% in 1969, then fell to a low value of 0 . 078% in 1970 before rising to a 

higher level, 0 . 125%, in 1971 . There is definite indication that the number 

of relatively resistant strains encountered has increased since 1970 (Lindberg 

RB, Contreras AA, Mason AD, Jr. USA Institute Surg . Res . Ann Rpt FY 

1972, BAMC, Ft Sam Houston,Tx, Section 21) 1. 

The cumulative sensitivity of Ps aeruginosa shows the sensitivity 

pattern for Sulfamylon in more detai I (Figure 1) . The values are distributed 
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in a fundamentally sinusoidal curve, and vary from year to year around a 

mean level with no consistent trend to heightened resistance. The widest 

range on the curves occurred in 1967 and again in 1971; the narrowest 

range, an almost straight line increase was obser ,•ed in 1970. A small 

number of strains with a Minimum Inhibitory Concentration (MIC) of 0. 625% 

to 1. 25%, have appeared as a recurrent pattern. 

Strains of Ps aeruginosa recovered from 2 cases of BWS in 1969, 2 

in 1971, and 2 in 1972 required from O. 312% to a high of 1. 25% of Sulfamylon 

for inhibition. At the time of each of these episodes, the burn ward was 

colonized with a phage type of Pseudomonas which showed a higher than 

average tolerance for Sulfamylon . These monotype populations of Pseudo

monas have been characterized as microepidemics; they occur, predominate 

and then tend to disappear, to be replaced ty other phage types differing 

in sensitivity. However, cases of BWS in Sulfamylon-treated patients 

occurred during such microepidemics, and the offending strains were of 

the phage type and Sulfamylon-sensitivity level that characterized the micro

epidemic . The Pseudomonas strains from such cases of BWS were tested 

for virulence and response to Sulfamylon treatment in rats scalded over 20% 

of body surface, and seeued with Ps aeruginos~. 

The behavior of these strains was compared with that of typical viru

lent strains and also with that of isolates collected during the same epidemic 

period, from other patients who did not develop BWS. As a basis for com

parison , typical behavior patterns of 3 virulent strains of Ps aeruginosa on 

the burned seeded rat are shown in Figure 2, 

Mortality rate is presented in increments of repeated experiments to 

show the fluctuation that occurs with successive tests and the ultimate 

derivation of a significant median level of lethality and of therapeutic 

response. The 3 strains shown were all virulent, with kill rates ranging 

from 85% to 99% of untreated controls. With Sulfamylon treatment, signifi

cant survival occurred. Over 90% of treated rats survived with strain 

12-4-4, 83% with the more virulent 8-23-3, and 43% with the extremely 

virulent 3-24-5. These survivals occurred with once-daily treatment; when 

more frequent treatment was applied, the survival rate with each strain 
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was increased. These levels of lethality and survival rates represent 

typical behavior of Ps aeruginosa virulent :itrains, amenable to treatment 

with Sulfamylon topically. Over 60 strains have been assessed in this manner, 

with surviv~I response varying with the relative level of virulence. These 

strains varied from 0.078% to 0.312% MIC with Sulfamylon. Survival rate 

with Sulfamylon treatment did not correlate with in vitro sensitivity, i.e., 

highly sensitive strains that were highly virulent could kill a higher per

centage of treated rats than could relatively resistant strains of lower viru

lence. 

The strains recovered from patients who developed BWS despite 

Sulfamylon treatment behavl'd in a manner quite different from that seen 

with the preceding typical Pseudomonas strains. Illustrative examples of 

this difference are shown in the following figures. 

Figure 3 shows the behavior of 2 isolates of Ps aeruginosa, one from 

a wound biopsy and one from the spleen at autopsy. The patient was a 2-

year-old boy with a 30% -total body surface burn, who developed Pseudomonas 

BWS despite prompt intensive topical treatment with Sulfamylon. The strains 

were weak in virulence in the burned rat model. Sixty per cent of animals 

seeded with strain #6-1-1 O, and 77% of those with strain #6-9- 7, survived. A 

very high survival rate would have been expected with Sulfamylon treatment 

of these strains, but the treated animals survived in the case of strain 6-9-7 
I 

at exactly the same rate as untreated, while with strain #6-1-10, survival 

of 75% of seeded treated rats occurred as opposed to 60% for the untreated. 

There was, thus, no real indication that survival in the experimental animal 

was affected by topical Sulfamylon. This was true despite the relatively low 

virulence of the infecting strain. 

The behavior of 3 additional isolates of Ps aeruginosa from this case 

of treatment-refractory BWS is summarized in Figure 4. All S of the strains 

shown required 1.25% of Sulfamylon for inhibition. This placed them at the 

upper limit of observed Sulfamylon tolerance for strains of Ps aeruginosa. 

Sulfamylon exerted no effect on the mortality of animals seeded Y:i LI strain 

6-9-11. Strains 6-6-6 and 6-9-12 showed a slight effect of increased survival 

with Sulfamylon, but the death rate was only reduced by 10% to 15~. Thus, 



"' I U
\ 

o/o
 

A
no

m
al

ou
s 

R
es

po
ns

e 
o

f 
Ps

. a
er

ug
in

os
a 

S
tr

a
in

s 

to
 S

u
lf

o
m

yl
o

n
 

T
re

a
tm

e
n

t 
in

 E
xp

er
im

en
ta

l B
ur

n 
P

at
ie

nt
 A

: S
tr

ai
n 

6-
1-

10
: 

B
io

ps
y 

o
f W

ou
nd

 

10
0 

S
tr

a
in

 6
-9

-
7

: 
A

ut
op

sy
: S

pl
ee

n 

9
0

 

8
0

 

7
0

 

6
·9

· 7
 t

re
at

ed
 

• 
•
-
~

 
--

6-
1-

10
 

)
<

 
tr

ea
te

d 
,,,,

.--;
;,L

. 

S
u

rv
iv

-
6

0
 

A
4

6
•9

•7
 

,,,,.
.a..

.._ 
&

,A
 

/ 
' 

in
g 

5
0

 

4
0

 

3
0

 

2
0

 

10
 0 

un
tr

ea
te

d 
,,,,

 
'.

..
 

...
-0

 
/ 

' 
-

6
-1

-1
0 

/ 
u

n
tr

ea
te

d
}/

 
/ 

cl
 

5 

/ 

,
_

/
 

' 
-

1T
 

"0
--

/ 10
 

15
 

20
 

N
o.

 A
ni

m
al

s 
T

e
st

e
d

 

F
ig

u
r~

 3
 

25
 



10
0 

9
0

 

8
0

 

%
 

7
0

 

S
u

rv
iv

-
6

0
 

in
g

 
50

 

4
0

 

3
0

 

20
 

10
 l 0 

A
no

m
al

ou
s 

R
es

po
ns

e 
o

f 
P

s.
 a

er
ug

in
os

a 
to

 

S
ul

fa
m

yl
on

 T
re

at
m

en
t 

in
 E

xp
er

im
en

ta
l 

B
ur

n 

' 

P
'J

tie
nt

 
A

: 
6

-6
-6

 :
 B

lo
od

 

, 
6

-9
-1

1 

6
-9

-1
1

: 
L

u
n

g
 P

M
 

6
-

9
-1

2
: 

W
ou

nd
 P

M
 

'"
 

~
 

, 
u

n
t
r
e

a
~

t
e

d
 

6
-9

-1
1

 
tr

ea
te

d
 

•-
\:

 '
a

 
_.

....
--

--
-~

--
. 

-•
 

6
-6

-6
 

tr
e
a
t
e
d

~
 

0
. 

/)(
><

---
0..

.._
 

.....
. 

-
.....

. 
....

.. 
/
0

 
....

....
....

 
6

-6
-6

11 '
,
 

/
/
 

x
~

 
o 

un
tr

ea
te

d 
)
,

0
,
/
 

6
-9

-1
2 

_,,
,,,, 
~

.-
-
-
x

 
x

-
-
-
-
x

 
tr

ea
te

d
 

. ---
--

--
-

--
-

•-
-

--
•-

--
-

/ 

5 

/ 
/ 

6
-9

-1
2 

/
/
-

u
n

tr
ea

te
d

 
/ 

10
 

15
 

N
o

. 
A

n
im

a
ls

 T
e

st
e

d
 

F
ig

u
re

 4
 

2
0

 
25

 

V
, I .....
, 



15-8 

none of these isolates showed a significant response to Sulfamylon therapy . 

The strains from this patient were all of the same phage type, NT-

2a. They were part of a large series of isolates all of which were culturally 

ident ical,there was a consistent variation in virulence between successive 

isolates. This difference was not large, but it was reproducible. The common 

attribute of most concern was the fact that these Pseudomonas strains were 

capable of causing BWS despite treatment with Sulfamylon . The fact that 

they were low in virulence made this phenomenon even less explicable . 

In a second case of BWS, this time in a 3- year - old with 32 % total body 

surface burn, a response to therapy entirely analogous to that described 

with the preceding patient occurred. Four strains , 3 from biopsies and 

one from blood, were very low in virulence, but treatment had little effect 

on survival. The patient harbored 2 phage types, F-12 and NT-2a during his 

hospital course. The strains tested were type NT- 2a but a samp l ing of the 

F-12 strain gave a virulence and a therapeutic response level that was in 

the same range as that seen here with strain 10-3- 11. These strains were 

slightly more susceptible to Sulfamylon than those from the preceding patient; 

t!,ey required O. 625% for inhibition . This information is depicted in Figure 5. 

The strains of Pseudomonas from the preceding patients illustrate an 

anomalous lack of response to therapy in strains of low virulence . In con

trast, the typical pattern of response of low-virulence strains is shown in 

Figure 6. 

These strains, from 2 burn cases in which clinical BWS did not 

occur, were tested for virulence and therapeutic response. Both strains 

required O. 625% of Sulfamylon for inhibition. The spread between survival 

of treated rats and of the untreated controls is significant. While survival 

was not complete, 85% to 95% of the treated rats survived. This response 

to therapy is the pattern we have regarded as typical of strains of low to 

moderate virulence . 

The behavior of 3 additional sets of strains, recovered from burn 

wound sepsis in Sulfamylon-treated patients since 1969, showed a pattern 
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TYPICAL RESPONSE OF LOW-VIRULENCE PSEUDOll)NAS AERUOINOSA STRAINS 'IO 

SIJ'LFAM!'LON TREATMENT IN 'nlE EXPERIMENTAL BURN. Two patients. 

Patient C : strain 5-28-3: Blood 
Patient D : strain 4-18-9: Lung, autopsy. 

100 

Bo 
,, ____ .. 
~treatod 

60 

4-18-9 untreated 

40 I 
........ _ ~~------···-·---· .. --- ...-1•-· 

........ 11 111 ... -cm u• .. ·~ ~ 
/ 5- 28- ) ~t,oatod 

5 10 15 20 25 

No . ani111Ul s te s ted 

Figure 6 
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similar to the one shown above of refractoriness to Sulfamylon treatment. 

This behavior was exceptional and in complete contrast to the typical 

performance of Ps aeruginosa, in which survival of treated rats is widely 

separated from the death rate of the untreated controls. This unusual 

response of failure to respond to Sulfamylon treatment was apparently not 

due solely to Sulfamylon-resistance, since many strains requiring 0.625% 

for inhibition have been shown to respond fully to topical Sulfamylon as a 

means of preventing experimental BWS. 

The cultural characteristics of these treatment-resistant strains 

were scrutinized in detail, thus far with no results that would permi t 

detection of a potentially treatment-refractory strain simply by its biochemi

cal reactions. The only distinctive characteristic that has thus far been 

recognized is the fact that the treatment-refractory strains have an unusually 

slow growth rate in the logarithmic phase. 

It must be emphasized that most of the low- virulence strains which 

have been tested respond to treatment with Sulfamylon. Neither Sulfarnylon 

tolerance in vitro nor low-virulence necessarily connoted a treatment- re

sistant strain in the patient, but if both of these attributes were present, then 

there was a real possibility that the strain would be resistant to treatment 

with Sulfamylon. If we were to propose a course of action in whi ch moni 

toring the strains were to be attempted in order lo anti cipa te thi s develop

ment, then sensitivity testing should be done . Wh n a µ01 ulali on of S lfa

mylon-tolerant strains, usually of single phage typ or of 2 losc ly r lated 

types appears, virulence and therapy r espon c UL, :ct b , 1 - d . If 

treatment-refractory strains were found, it w ould promp t •nh,m ~d vi g il 

ance to detect the treatment- refractory pati ent . Pr en • of -u h trai n - on 

the wound might justify intensive appropriate anlib ioli tr aim nl to ward 

off potential invasive sepsis. 

There is, as yet, no evidence that treatment r frac l ory trai n an 

become permanently ensconced as the resident Pseudomonas fl or a on a 

burn ward. Their numbers fluctuate as do those of other P eudomona 

phage types . 
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SUMMARY 

The existence of a previously unknown pattern of virulence and in

vasive potential in Ps aeruginosa has been delineated. The strains tend 

to be part of a monotype epidemic of Sulfamylon-resistant strains. They 

are of low to moderate virulence, but do not respond to Sulfamylon therapy 

in the burned rat model. They have been detected in cases of BWS due to 

Ps aeruginosa, in which Sulfamylon topical treatment was ineffective in 

preventing the disease. This attribute offers one possible explanation for 

the occasional treatment failure, which is signal led by the appearance of 

Pseudomonas BWS . 
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ABSTRACT 
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Monitoring of autopsy and biopsy specimens for presence of fungi is 

a necessary continuing procedure. The recovery rate as to numbers of 

genera and proportion of specimens positive for fungi has remained quite 

stable; 15 genera were recovered in 19 72. Candida sp (primarily albicans) 

was the most commonly encountered Y t!d t. Fusarium,Cephalosporium, 

Aspergi llus, and Sepedonium were the most frequently encountered fungi. 

Phycomycetes, which have contributed the major part of severe invasive 

fungal wound sepsis, were rare; only 3 strains were found in 3 autopsies, 

and 5 strains of Rhizopus and Mucor in 362 biopsy samples. The role of 

fungi in burn wound infection was diminished over that seen in previous 

segments of this study. Continued surveillance is called for, but in 1972, 

fungi in the burn wound were a heterogeneous population, often of equivocal 

significance as pathogens. 

Fungi 

Humans 

Mucor Candida Rhizopus Burns Phycomycosis 
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THE ROLE OF FUNGI IN BURN WOUND INFECTION : 
OBSERVATIONS ON BIOPSY AND AUTOPSY TISSUES 

FROM SERIOUSLY BURNED SOLDIERS 

The role played by fungi and yeasts in burn wound infection has pre

sumably been increasing in recent years, although to some degree the alledged 

"increase" may reflect more assiduous search for these agents . The unsolved 

conundrum of the demonstration of hyphal structures in tissues from which no 

fungi can be recovered in culture has prompted search for improved manipu

lation that might increase the yield of cultures. There remains the fact that 

presence of fungi in the burn wound i s sti II an unknown entity as far as 

clinical significan e i concerned . Continued directed study, coordinating 

clir. ica l , histopatho!og · and mi crobi I g ic technic offers promise of further 

clarification of this ques tion . 

METHODS 

Continued use of fresh biopsy amp I es, collected when possible near 

the live- dead interface at the margi n of the suspect burnetj area, has been 

the point of greatest emphasis in recovering fungi from patients. Autopsy 

samples were collected with similar emphasis. The planting of thin slivers 

of tissue, pref rably removed fron 1 the sample with a scalpel, has offered 

best results in recovery rates (Lindb rg RB, Townsend CH, Contreras AA, 

Pruitt BA,Jr. USA Inst Surg Res Ann Rpt FY 1970, BAMC, Ft Sam Houston, 

Tx. Sect. 26) 1. Prompt planting, without refrigeration of the specimen, was 

emphasized. Sabouraud's agar was the basi c substrate and incubation was 

at 26°C. 

RESULTS 

Disseminated fungal infection in burn patients is most convincingly 

demonstrated by recovery of the organism at autopsy . Table 1 lists fungi 

recovereci and their frequency in terms of number of patients with positive 

visceral or burn wound amp I es. Parallel i nfC'r;nation is shown for 1971 and 

·· 1972 . In all 1q genera of yeast~ and fLngi were recovered. In 1971, 17 

genera were recovered . and in 1972, 15; there were 13 genera that were 

recovered during both years (Lindberg RB, Contreras AA, Smith HOD.Jr, 

K1rchgessnerPM, Pruitt BA , Jr. USAlr.stSurgResAnn RptFY 1971,BAMC. 
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Table 1. Genera of Fungi Recovered from Viscera 
(Lung, Liver, Spleen) and Burn Wound at Autopsy, 1971-1972 

Number of Patients Positive 
Burn Wound Viscera 

Genera 1971 1972 1971 1972 

Mucor 3 0 0 0 

Rhizopus 1 1 1 1 

Absidia 1 1 0 0 

Aspergillus 6 11 3 2 

Penicillium 8 1 5 6 

Paeci lomyces 0 0 1 2 

Alternaria 2 3 0 0 

Cephalosporium 2 4 0 4 

Fusarium 9 30 7 20 

Helminthosporium 4 1 0 0 

Nigrospora 9 0 3 0 

Scopu lariopsi s 5 3 1 2 

Sepedonium. 1 5 1 4 

Diplosporum 1 2 0 0 

Geotrichum 0 0 1 0 

Fonsecaea 2 0 2 0 

Curvularia 0 5 o· 0 

Microsporum 0 1 0 0 

Candida 13 32 11 25 

No. patients positive 46 65 

Total patients cultured 61 89 

No. genera present 17 16 
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Ft Sam Houston, Tx. Sec. 30) 2. Predominant genera in 1972 included 

Candida, Fusarium, Cephalosporium, Aspergillus and Sepedonium. 

Yeasts were routinely listed with fungi, but the behavior of Candida sp on 

the burn wound more resembles that of bacteria as far as spread and inci

dence of occurrence are concerned. Candida albicans was the predominant 

species; Candida stutzeri was also recognized in 2 instances. Candida 

sepsis does occur, and the positive cultures from liver and spleen would be 

interpreted as indicative of disseminated infection . At least three-fourths 

of patients with positive Cand' a cultures at autopsy harbored Candida in 

the burn wound. Thus, when it does occur in burn patients, a large pro

portion of burn wound samples tend to be colonized by Candida. The lung 

was another major site for recovery of Candida in burn autopsies. 

Fusarium sp were, in 1972 as in 1971, a predominant genus. In viscera 

it was most common in the lung, although in cases with probable systemic 

involvement with this genus, it was present also in liver and spleen. Its 

prominent position in lung samples suggested that it was a potential factor 

in pulmonary disease in the burn patient. One patient died with massive, 

disseminated burn wound sepsis and systemic fungal involvement due to 

Fusarium. The strain was a borderline one in morphology and was origin

ally designated· as Cephalosporium sp. 

Mucor and Rhizopus sp have, in former years, each been recovered 

from fungal invasive burn wound sepsis. In the autopsy samples these 

genera were rare in 1972. This scarcity was reassuring, since when once 

established, invasive sepsis caused by these genera is not readily amenable 

to treatment. 

Other genera of relative abundance included Cephalosporium and Peni

cillium. These became more common in 1971 and this frequency continued in 

1972. The overall p i ture of fungi in burns at this time reached a relatively 

stable state where a la ' riety of saprophtlc fungi colonize the burn 

patient, and a small number of this total may achieve systemic invasion . 

There is no strong Indication for the presence of a particularly malign genus 

abroad among the burn patients. 
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Biopsy of the burn wound as a diagnostic tool has be n more exten

sively sed in the burn ward during the past 2 years than at any previous 

period. In 1972, 201 patients were submitted to biopsy s mpiing, wilh 362 

samples collected. The results of t~ese cultures, which reveal the most 

direct relationship between on-going treatment of the burn and fungal coloni 

zation, are summarized in Table 2. The results of burn wound autopsy 

samples are set down in parallel to show the close corresp ndence in inci

dence that t::xisted. The mos common organism encounter d, by far, was 

Candida sp, in 13. ~% of pc1tients cultureu, and in 35. 9% of autopsies. 

Fusarium, as was noted above, was by far the most common genus of fungi 

in autopsies and in biopsies. Aspergi l lus, a common cont minant, was fourth 

in incidence in biopsies and autopsies. Other species w~r present in small 

numbers of biopsied patients and in comparable frequency in autopsies. 

Autopsy tissues harbored the same number of genera as did the biopsied 

group, but in the I ss common forms discrepancies occurred. Ten genera 

appeared in both sources : in additio to Candida, Fusarium and Aspergillus, 

there were Cephalosporium, Curvularia, Scopulariopsus, lternaria, 

Diplospor ium, Penici I lum and Rhi zopus . Mucor, Rhi opus and Absidia the 

genera most prone to be f~und in inva i ve fungal wound sepsis, were 

represented by 8 strains altogether and none occurred in large numbers. 

Th para I lel between species incidence in biopsy and autopsy of the burn 

wound reinforces the validity of the biopsy ampling technic. 

DISCUSSION 

Since 1969, the number of fungal genera anc! of individual strains re

covered from biopsies and autopsy samples has remained relatively con

stant. Predominant genera hav changed; in 1969, Geotri<.:hum was found 

in 59 autopsies; this year, one strain was found in a biopsy. Fusarium 

has remained the most commonly encou tered species, and in 1972, Cephalo

!pOrium was also prominer.t in inciden e . These 2 genera arc very similar 

in recognition criteria, and it is prob ble that som of each genera belonged 

in the other category No conspicuo _ new pattern of fungal infection by 

opportunistic saprophytes was di seer d ,and the strong probabi Ii ty xis ts 
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that opportunistic invasive infection of the burn wound by fungi is now 

less common in occurrence than was pictured 3 to 4 years ago . Continued 

surveillance of fungi involved in this syndrome is required. Experimental 

efforts to establish invasive fungal infection in rats treated with streptozo

tocin, then burned (a technic which makes the animal susceptible to infec

tion with Mucor and Rhizopus) failed to show that this common species 

was capable of invading the burn wound. The role of fungi in burn wound 

infection can be a serious one, but these epidemiologic studies do not 

indicate an unequivocal relationship between fungi and burn wound 

infection. 

REFERENCES 

1. Lindberg RB, Townsend CH, Contreras AA, Pruitt BA.Jr. Role of 

Fungi in Burn Wound Infections. USA Inst Surg Res Ann Rpt FY 1970, BAMC, 

Ft Sam Housto , T xas . Section 26. 

2. Lind rg RB, Contreras AA, Smith HOD, Kirchgessner PM, Pruitt 

BA,Jr. The Role of Fungi in Burn Wound Infections : Observations on Biopsy 

and Autopsy Tissues from Seriously Burned Soldiers. USA Inst Surg Res 

Ann Rpt FY 1971, BAMC, Ft Sam Houston, Texas. Section 30. 

PRESENTATIONS ANO/OR PUBLICATIONS 

None 



72 07 01 
II, NO.tCOHl:1 

. ~··· 
'- -TM•UTI .. 

I, C .. TM•11T1•e 

... ac,a.TIPIC ... tac•--CAL .... 

003500 Clinical Medicine 

• oua1J1.,acT1va , 

.. NIIIINll:1 

Not Appl I cable 

.. , ... : 
• atND OP a•a• 01 

UIOtllATION: 

••-n: 
f,CUIII, AMT, 

..... ,•us Army Institute of Surgical Research 

•-•u=• Ft Sam Houston, Tx 78234 

.. 1-ll•U INDIVIDUAL 

.... a. Basi I A Pruitt, Jr, COL, MC 

74 0 
• · N PD-••Ne&IIII& 

..... ,•US Army Institute o 
Clinical Division 

00••••• Ft Sam Houston, Tx 78234 

•••c•••L 1• va1,1ea,o• ,,,.,.,.,. 11M "u.1 . .. ....,. ,..,,..._. 

•-•• WI 11 lam F HcHanus, MAJ, MC 
TaLa .. MOU 512•221•3301 

HLa .. MONa : 512•221•2720 IOCIAL HCUIIITY ACCOUNT IIIIIIHII: ---------------------------------4 AIIOCIA1'1 INVIITlea, ... 

INTELLIGENCE NOT CONSIDERED ..... , John L Hunt, MAJ, MC ..... , MC 

0 

DA 

(U) Fungus; (U) Topical Chemotherapy; (U) Topical Nystatln; (U) Burn Wound; (U) Humans 
, . HCMNICAL OeJaCT1va. , • .... _ACM, , .. ___ , __ - .. - ....... _, ..... - · -- ... , - - ... - c•-···- __ , 
23. (U) To ascertain If topical nystatln (Mycostatln) applied to the burn wound 
would· prevent fungal and yeast colonization end Infection of the burn wound In 
burned troops. 

24. (U) Patients admitted to the U5 Anny l~stltute of Surglcvl Research within 72 
hours of Injury will be studied and placed In one of three groups according to burn 
size. Group I less than 30°/4 total body surface burn; Group II 30 to 60 % total body 
surface and Group Ill greater than 60X. total body surface burn. Periodic burn wound 
biopsy for hlstologlc and bacteriologic study will be obtained and weekly BUN, WBC, 
differential, SGOT and urinalysis. Mycostatln Sulfamylon cream with 10,000 units of 
nystatln per gram of Hafenlde will be the study drug. 

25. (U) 72 07 - 73 05 Sixteen patients have been admitted to the study, all having 
burn wound biopsies showing fungal burn wound Infection or Invasion. No control 
pa t ients have been studied. The small number of patients which have entered Into 
this study has generated Insufficient data to justify the continuation of this study. 
Therefore, as of 1 Hay 1973 the study was terminated • 

.. , .. v,ou• • DITIONI 0~ THII ~OIIM All• oe•OL • T• , DD ~OIIMI IOIA , I NOV H 
AND, .... , , I MAIi H 1~011 AIIM'I' Ul • I .... oelOL • T• . 



17-i 

FINAL REPORT 

PROJECT NO. 3A161102B71R-01, RESEARCH IN BIOM~DICAL SCIENCES 

REPORT TITLE: PREVENTION OF FUNGAL AND YEAST COLONIZATION AND INFECTION 
OF THE BURN WOUND WITH TOPICAL NYSTATIN (MYCOSTATINR) IN 
MILITARY PERSONNEL 

US ARMY INSTITUTE OF SURGICAL RESEARCH 
BROOKE ARMY MEDICAL CENTER 

FORT SAM HOUSTON, TEXAS 78234 

July 1972 - 30 June 1973 

Investigators: 

John L. Hunt, HD, Major, MC 
Basil A. Pruitt, Jr., MD, Colonel, MC 
Robert B. Lindberg, PhD 

Reports Control Symbol HEDDH-288(R1) 

UNCLASSIFIED 



17-ii 

ABSTRACT 

PROJECT NO. 3Al61102B71R-01, RESEARCH IN BIOMEDICAL SCIENCES 

REPORT TITLE: PREVENTION OF FUNGAL AND YEAST COLONIZATION AND INFECTION 
OF THE BURN WOUND WITH TOPICAL NYSTATIN (HYCOSTATINR) IN 
MILI TARY PERSONNEL 

US Army Institute of Surgical Research, Brooke Army Medical Center, 
Fort Sam Houston, Texas 78234 

Period covered In this report: 1 July 1972 - 30 June 1973 

Investigators: John L. Hunt, M.D., Major, MC 
Basil A. Pruitt, Jr., M.D., Colonel, MC 
Robert B. Lindberg, PhD 

Reports Control Symbol MEDDH-288(Rl) 

At the present time three additional patients have been added to 
this study. One patient was In the group between 30 and 60%. The other 
two patients were In the greater than 60% group. All three had Sulfamylon 
Hycostatln topical treatment as the Initial and only agent used during 
their burn course. Cause of death of the one patier.t who was In the 
greater than 60% group, was pneumonia. Serial determi~atlons of BUN, 
white blood count, reticulocyte count and urinalysis revealed no ab
normalities. A slight Initial elevation In the SGOT In all three patients, 
which soon fell to normal, was noted. In no patient was there evidence 
bacterlologlcally or hlstologlcally of burn wound Invasion by bacteria, 
fungi, or yeasts. 

The small nllllber of patients which have been entered Into this study 
has generated Insufficient data to Justify the continuation of this study. 
Therefore as of 1 May 1973 the study will be terminated. 
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Scald wounds of rats were seeded with suspens ions nf Rhizopus 
~hizopodi formi s , Aspe rgi llus flavus , and Fusar ium sp. The wounds were 
lef t ex pos ed or tr at ed wi t h topical compounds which included standard 
c r eam baJe, amphote ri c in and nystatin, alone and in combina t ion with 
ma fenide . 

Hi sto logi c e x mi na t ion of t he w unds revealed fungal infection 
wi t h Rhi zopus des pi t e s uppr~s s ion of surface grow t h by amphotericin. 
A pe rgi l lu woun J inf c t ' on was li mi ted by amphotericin and nystatin. 
Woun d infe t ion wi h Fusar ium appeared to be enhanced by the topical 
e r am. u ed. 

Top ica l t rea tmen t vi i th anti f unga l compounds resulted in bacterial 
ove rgrowth and t he addi ti on of mafenide at the concentration applied 
(5, ,) did not s uppr ss ba .tcria l densi ty to the level of untreated ra ts . 

The absence f f ung ici da l prope ~ties and di ff us ivi ty of these 
antlfungal creams assoc i Led with e nhanced bacl r ia l proli f e rat ion may 
preclude t he ir u"' e on bur n wounds as compounded he re in, parti cularly 
s ince the s igni f icance o r fungal in fe ction l imi t d to th ~ burn wound 
i s unce r t a in. Compounds v1i t h an eff ctive ant ibac te ri a l concen t rat io:: 
a re s ugg ~s ted. 

Burns 
Infection 
Fungus 
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EX PER I MENTAL FUNGAL BURN WOUND INFECT I Oi~: 
EFFECT OF TOPICAL ANTIFUNGAL AGENTS 

Previous ~tudies have demonstrated deeply invasive fungal burn 
wound infection (FBWI) during the acute phase of alloxan-induced 
diabetes in burned rats seeded with the phycomycotic organism, 
Rhizopus rhizopodiformis (Rr) associated with visceral involvement 
(spleen, kidney, lung, liver) in 30"/4 of animals . Examination of 
non-alloxanized control rats during this study revealed a limited 
form of FBWI without visceral lesions. Since the most frequent 
presentation of FBWI noted clinically occurs without systemic 
dissemination, the occurrence of I imi ted FBWI in the scalded rat 
suggested a st ,1dy of currently available topical antifungal compounds 
in relation to prophylaxis of these infections. 

MATERIALS AND METHODS 

All rats (170-190 g) received a 20"/o scald burn and tgose surviv
ing the anesthetic and injury were seeded with 1 ml of 10 /ml spore 
suspensions within two hours postburn. Organisms studied included 
Rhizopus rhizopodiformis (Rr), Aspergillus flavus (Af) and Fusarium sp 
(Fs) isolated and identified by the USAISR Microbiology Branch frorn 
burned patients and confirmed by the Mycology Branch, CDC. Crude 
suspensions were prepared by agitation in distilled water, filtered 
through mesh gauze and adjusted to 105 spores/ml. 

t{oplcal antifungal agents included)amphotericin B (Fungizone 
cream RJ), n~statin (Mycostatin cream(R )and mafenide acetate 
Sulfamylon(RJ). Each of the three inocula were seeded on the wounds 
of 30 rats which were equally distributed at random among six treat
ment groups as follows: amphotericin (A), nystatin (N), mafenide
amphotericin (M-A), mafenide-nystatin (M-N), base cream (B) and · 
untreated controls (U). The agents were compo,mded as below and 4 
grams of each were applied to the wounds within two hours post 
seeding and daily thereafter. 

A • Base 100 g 
Amphotericin, 3o/c 100 g 

N = Base 100 g 
Nystatln, 100,000 units/g 100 g 

H-A • Mafenide acetate, I 0"/4 100 g 
Amphotericin, 3% 100 g 

H-N • Hafenide acetate, I O"lc 100 g 
Nystatin, 100,000 uni ts/g 100 g 
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The above compounds resulted in hal v in o r t he concentration 
provided by the proprietary agen ts and al I c mb inati ns of mafenide 
the re fore were reduced to 5"/o which is 1 ess th n t he recommended 
concentration for suppression of bacterial bur n wound i nf ection . 

All rats were killed 10 days post burn nd 6 standard blocks 
removed from the burn wound for histologic ex mina t ion. A s egmen t 
of each wou,1d also was submitted for fungal rerovery on Sabouraud's 
media and quantitative bacteriologic culture. 

The presence of FBWI was de t ermined hi to log ic lly by t he 
occurrence of fungal hyphae or spores benea th or ad j acent to the 
eschar associated with an inflammatory response . 

RESULTS 

Rhizopus rhizopodiformi 

Al 1 rats exhibited foci I imi ted FBWI .:i nd Rr was isolated from 
al I wounds post mortem. Al though FBWI 1-Jas n t preven ·ed, observations 
of the magnitud of fun ga l involvemen t amon l h tr atment groups 
indicated suppress ion in rats treated wi t h mphotericin . These 
quantitative impres s ions were based on thickne of the surface fungal 
mat and amount of fung a l prolife rati on within th c nter anrl margins 
of the burn wound , 

Ra, i n treatmen t groups U, B, N and M- N gene r lly exhibited thick 
fungal olonization with central and margina l f u~gal les ions in contrast 
to group A which demonstra t ed a hinner s urf ce grovHh with only 
marginal fungal involvement. Compound M-A appea red les s effective in 
s uppress ing FBWI than A alone. 

Ob erva t ions of his tologic density of bacte ria correlated with 
quantit tive bacteriologic cultures . Untrea ted open wound! were less 
heavily coloni zed with bacteria than wounds in any oth,} r treatment 
group including those treated with mafenide-cont a ining compounds. 
A 1 so, wounds cove red by anti funga I compound w i t hou ma fen i rle became 
more heavily contaminated with bacteria than those vii th mafenide (see 
table) . 

As pergi I lus f lavu s 

Th e hi topatholo y of fungal invol vemen t of woun ds seerled 1-Jith Af 
diffe red from FBWI as de ined with Rr. The l" tLe r organi sm wa s 
iden t ifi ed with a focal in f l ammato r y or ranul011atous response l-Jhcrea 
Af, although an avid coloniz r as ocia t d wi t h es char p net ra t ion of 
seeded wounds, did no t e licit di t inct gr nu loma. lnva , ion to the 
s ubescha r zone by A,· wa .:icco:np n i eel by au m n tat ion f' ne ro i and 
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suppuration in untreated or base coated wounds . Using thi s endpoint 
in conjunction with histologic fungal density on the wound surface and 
wi thin the eschar, it was apparent that treatment with ampho ter icin or 
nysta t in res ul t ed in suppression of FBWI by Af. 

Af was isolated post mortem from the eschars of all rat s . Rats in 
treatmen t groups U and B exhibited dense colonization and es ch ir penetra
tion mainl y via hair follicles associated with occasional mi rofoci of 
fungi, necros is and suppuration at the junction of eschar an · viable 
subcu taneous t issue. In contrast, surface fungal growt h w3s spars e , 
s tunted and demonstrated altered tinctorial fea t ures ugges ive of 
hyphal necrosi s in groups A, N, M-A and M-N. Eschar p e rat ion also 
was limited in these groups and no fungi were found at ~he s ubeschar 
I eve 1. 

Ra ts in groups U and B we re les heavily colonize~ wi~ h bac ieria 
than o the r group s . Histologic de si t y of bacteriA was rea ter and 
quantita t iv cultures yielded maxi m grow th in groups A and N. 
Wounds of gr oups M-A and M-N . how,u a variable bac teri a l componen t 
which was apparen t ly less t ha11 grnu1Js A and N and s ign i f icant ly gr eater 
than groups U and B. 

Fusarium s p. 

Each treatment group seeded with t he conidial, suspensi on of Fs 
consisted of 4 r J , e than 5 rats as above. The s~rface appearance of 
the untre ted bun w unds had a yellow color attributed to Fs pigmenta
tion whi cl1 di ffe r d fr ,, the brown appearance of wounds colon ized by 
Rr and Af . Fs was cu 1 tu red from a 11 es chars os t mortem. 

The histopa t hology of FBWI by Fs included colonization and eschar 
pene tru t ion asso ia ted with minor foci of follicular and subeschar 
abscesses 11 hi ch re more extensive in base r.overed than un t reated 
v1ounds . Topi ca 1 anti funga 1 creams did not prevent FBW I although a 
slight and variable suppressive effect was noted on the wound surface. 

Rats in group U demonstrated less surface colonization and FBWI 
than cream"covered wounds in all other treatment groups. Wounds in 
t reatment groups A and N showed focal diminution in density of 
surface colonization where a granular precipitate of the antifungal 
compound was evident histologically, in comparison to B. Elsewhere, 
col onization was as heavy and FBWI was present regardless of surface 
ffects . Or.e rat in group A exhibited bacterial overgrowth in the 

eschar and no FBWI. Similar histologic findings in groups M-A and 
M-N included possible effects on surface growth, no difference in FBWI 
compared to B, and some increase in magnitude of infection compared 
to group U. 
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Bacterial density was augmented in groups A and N and, although 
appreciably diminished in H-A and H-N, was least apparent in groups 
U and B. 

SUMMARY AND CONCLUSIONS 

Representative species of Rhizopus, Aspergillus and Fusarium 
colonize, penetrate and infect scald wounds of seeded rats and permit 
comparisons of the effects of topical treatment. 

FBWI with Rr i not prevented by treatment with topical 
amphotericin or nystatin although the former appears to suppress the 
magnitude of fungal involvement. FBWI with Af was limited by treatmen• 
with amphotericin and nystatin. These agents provided no protection 
against FBWI by Fs despite possible surface effects where antifungal 
agents were In contact with the organisms. Exposure alone was more 
effective than any of the topical compounds used in treatment of FBWI 
with Fs. 

Bacterial density was least in untreated wounds. Application of 
amphotericin or nystatin enhanced bacterial growth hlstologically, a 
finding which correlated with the results of quantitative bacterial 
cultures. Addition of mafenide to the antifungal compounds at the 
final conc~ntratlon used (5"/4) was Ineffective in preventing heavy 
bacterial colonization although some reduction was demonstrated. 

Effectiveness of these topical antlfungal agents therefore varies 
with the fungal species. Also, similar to concepts of bacterial 
infection, the demonstration of suppression in this In vivo system may 
or may not be reflected in prevention of FBWI. Lack of diffusivity, 
absence of f ungicidal properties and augmentation of bacterial grc,,1th 
appear to preclude use of the agents as compounded herein especially 
since Information regarding the course and consequences of FBWI is 
limited In forms of morbidity and mortality. An effective concentra
tion of antibacterial agent is required in compounds under considera
tion for topical antifungal prophylaxis of the burn wound. 

PRESENTATIONS AND/OR PUBLICATIONS 

None 
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Table 1. Quantitative Bacteriologic Cultures of Burn Wounds 

Rr Af Fs 

u 1.0 X 103 7.0 X 104 NG 
Overgrowth (Rrl 2.0 X 102 NG 
Overgrowih (Rr) 2.0 X 106 NG 
1.0 X 10 4 0 0 X 104 1.0 X 104 
3.5 X 107 NG* 

B 1 • 1 X 105 2.5 X 10l NG 
1.0 X 106 7.0 X 10 NG 
2.0 X 108 3.0 X 106 6.0 X 101 
2.0 X 108 4.0 X 104 7.6 X 105 
1. 1 X 109 NG 

N 5.0 X 107 4.9 X 107 4. 7 X 105 
4.0 X 108 3.8 X 10~ 9.8 X 105 
1.0 X 108 1.0 X 10 1.0 X 104 
1.0 X 108 5.7 X 107 1 • 1 X 106 
4.2 X 107 1. l x 108 

M-N 1.5 X 106 1.0 X 104 7 .0 X 106 
5.0 X 106 6.4 X 105 NG 
1.5 X 105 1. 7 X 107 NG 
1.5x 105 1.0 X 108 5.0 X 102 
l 02 X 103 9.0 X 106 

A 6.0 X 108 3.0 X 107 6.3 X 105 
1.0 X 109 3.0 X 108 1. 7 X 107 
6.0 X 108 2.0 X 108 1 • 1 X 103 --- 2.0 X 108 8.4 X 105 
1.6 X 109 5.0 X 108 

M-A 6.0 X 106 2.0 X 107 NG 
5.0 X 106 1.7x 107 NG 
1.0 X 106 2.0 X 108 1.1 X 106 
2.0 X 106 6.3 X 107 8.3 X 105 
l .S X 107 5.8 X 107 

* No growth 
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23. ( U) The significance of fungi In the burn wound as well as successful modalities 
of treatment are to be elucidated. Experimental model of fungal burn wound infection 
is required to perfect therapy of fungal Infection In burned soldiers. 

24. ( U) Rats, made hyperglycemlc wi th Streptozotocin, were burned and seeded with 
various spore suspensions of the following fungi: Rhlzopus, As ,.>e rg 111 us, Cepha 1 ospor I um 
and Fusarlum. A 11 rats were verl f I ed as being hyperglycemlc by blood glucose 
determinations. Both control and seeded ,ats were examined pathologically when 
they d led er were sacri f Iced a11d examined at the end of one month. 

25. ( U) 72 01 - 73 06 Al 1 control animals exhibited a healed burn wound when 
sacrificed at one months time. There was no hlstologlc evidence of fungal Infection. 
Seeded animals demonstrated varying degrees of fungal Invasion. Rhlzopus consistently 
demonstrated funga I Infection and lnva '.i lo whereas Asperglllus demonstrated only 

Invasion In the animals. No animal exhibited fungal Infection or erratic fungal 
Invasion with either Cephalosporlum or Fusarlum. Hlstologlcally animals having 
Invasive fungus disease demonstrated fungi In the burn wound, soft tissues of the 
I Iver, kidney and spleen. One or more of the above mentioned organs 
Invaded In each of th:.> ir,spected animals. The organ Invasion was by 
continuity from the burn wound. There was no hlstol glc evid nee of 
spread In any anr'mals Infected. 
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The streptozotocln animal model was used to determine the Invasive 
capability of the following fungi Asperglllus, Fusarlum, Cephalosporlum 
and Rhlzopus when seeded in this animal with a standard full thickness 
20% scald burn. Animals were followed until death or sacrificed at 30 
days. Only Rhlzopus species consistently demonstrated burn wound Infection 
and visceral spread, In 96% and 59% of the animals respectively. No 
evidence of fungal hematogenous Infection was noted. Visceral Invasion of 
the liver, spleen and kidneys was by direct spread from the Infected burn 
wound. A high Incidence of bacterial wound Infection was present In all 
animals seeded with Rhlzopus. 

Further studies are to be carried out using different fungi as well 
as other species of the previously tested fungi. Evaluation of the 
serologlc tests useful In detecting systemic infection with Candida will be 
carried out. 

Burns 
Fungi 
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DEVELOPMENT OF STREPTOZOTOCIN MODEL OF FUNGAL BURN WOUND 
INFECTION AS IT OCCURS IN BURNED MILITARY PERSONNEL 

The presence of fungi In burn wounds has Increased markedly in the 
past several years, (Nash, G, et al. JAMA 215 (10) 1661+, 1971,) 1 The 
significance of fungi In burn wounds as well as the modalities of treatment 
stl 11 remain to be elucidated, Bruck et al (Bruck, HM, et al. US Army 
Inst of Surg Res Anl Res Prog Rpt, 30 Jun 71, BAHC, FSHT, Sect 13,) 2 
used the alloxan treated rat as a model to establish and evaluate fungal 
burn wound Infection. 

Streptozotocin, derived from Streptomyces achromogens, possesses 
antibiotic, antltumor and a hyperglycemlc action. The development of 
frank hyperglycemia In rats and dogs treated with this drug, was first 
reported by Rakleten et al. (Rakleten R, et al. Cancer Chemother 
Rep 29:91-98, 1963,)3 Streptozotocin has a highly effective beta
cytotoxicity similar to alloxan but more specific and with a wider 
margin of safety than alloxan. 

The only success so far In establishing Invasive fungal Infection in 
an animal has been when a hyperglycemic state exists. Sprague-Dawley rats 
were made hyperglycemlc by administering 65 mg/kg of streptozotocin Intra
venously. Hyperglycemia was verified four days later by blood glucose deter
mination. Hyperglycemia ranged between 300 and 650 mg%. The animals were 
given a standard 20% total full thickness scald burn and Immediately seeded 
with specific fungal suspensions In concentrations of between 106 and 107 
spores per ml. Fungi tested Included Aspergillus, Fusarium, Cephalosporium 
and two species of Rhlzopus. All animals in the study were followed to 
death or sacrificed at 30 days post seeding. Animals seeded with Rhlzopus 
species demonstrated burn wound Infection and visceral spread In 96% and 
59% of cases respectively. Viscera (kidney, spleen and liver) were Infected 
by direct extension from the burn wound. No evidence of hematogenous fungal 
infection was demonstrated. A high Incidence of heavy bacterial contamination 
of the burn wound was associated with all Rhlzopus fungal infections. Animals 
seeded with Asperglllus, Fusarlum, and Cephalosporlum exhibited no burn wound 
infection or visceral involvement at the time of sacrifice. 

In conclusion Rhizopus consistently demonstrated the capacity to 
produce burn wound Infection and direct visceral extension In the strepto
zotocln rat model. Further studies will be carried out with various other 
fungi in an attempt to evaluate their potential to produce burn wound 
invasion in a hyperglycemlc animal model. 

Candida burn wound colonization and Infection Is commonly noted in 
thermally Injured soldiers, consequently evaluation of serologlc tests 
used to detect systemic candlda Infection Is planned, 
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pool Is much smaller than that of the cont ro I s • Host of the Increase In extravascular 
albumin can be accounted for by the Increased albumin content of the burn eschar. 
The results obtained In this study wilt be coordinated with those obtained from 
the measurement of C-14 Incorporation into serum proteins to aid In their Int er-
pretatlon • 
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Measurement of plasma and tissue albumin pool sizes in control, burned, 

and burned-infected rats has shown that although the plasma albumin pool 

is reduced in the injured rats, the total body pool size is greater than that of 

the controls. Carcass and unburned skin albumin levels were not ~: ignifi

cantly reduced in the injured animals. The greatly increased albumin con

ttnt of the burn wound eschar is sufficient to account for the increased size 

of the extravascular pool. 

Protein 

Burn 

Trauma 

Turnover 

Rats 



20-1 

STUDIES OF DISTURBANCE OF PROTEIN TURNOVER IN 
BURNED TROOPS - USE OF AN ANIMAL MODEL 

Earlier studies in which the incorporation of(2- 14c]glycine into serum 

proteins of rats was used as a measure of protein synthesis or turnover 

yielded presumptive evidence that decreased synthesis could not fully explain 

the marked dysproteinemia which occurs following burn injury (Brown WL, 

Bowler EG, Mason AD ,Jr. USA Inst Surg Res Ann Res Rpt FY 1969) 1. In 

order to insure that the observed increased relative specific activity was not 

due to the entry of the labeled proteins into a smaller protein pool, rather 

than to a true increase in synthetic rate, we have measured the albumin ex

tracted from the tissues to obtain an estimate of the total body albumin pool. 

Preliminary results indicated that the total body depletion was not as severe 

as would be anticipated from the size of the plasma albumin pool (Brown WL , 

Bowler EG, Mason AD,Jr. USA Inst Surg Res Ann Rpt FY 1972) 2 . This . 

report presents additional documentation of this conclusion. 

MATERIALS AND METHODS 

Male Sprague-Dawley rats weighing from 180-200 gm were anesthetized 

with sodium pentobarbital before burns were inflicted by immersing their 

backs in boiling water for 10 seconds (Group B). A protective mold was used 

to limit the area of the burn to 20% of the body surface . The burned-infected 

rats (Group B I) had the burned area immediately seeded with O. 1 ml of a 24-

hour culture of Pseudomonas aeruginosa (SRU 12-4-4- (59). All rats were 

housed in individual cages and given food and water ad libitum until they 

were sacrificed on the fifth or sixth day postburn. Stock rats of equivalent 

size and age were used as controls (Group C) . 

Rat albumin was labeled with 1251 by an iodine monochloride procedure 

(McFarlane AS. J Clin Invest. 42 : 346, 1963) 3. Free 1251 was removed by 

passing the solution through a small Amberlite IR-4B column. Albumin con

centration of the eluate was determined from its absorbance at 279 nm (Peters 

T, Jr. J Biol Chem 237: 1181, 1962) 4 before 0.1 volume normal rabbit serum 

was added to protect the albumin from self radiation damage. The L1251]
albumin migrated with the albumin band when mixed with normal rat serum 

and was retained in the gamma globulin area when crossover electrophoresis 

with rabbit anti-rat albumin was performed on cellulose acetate plate. 
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in triplicate and the samples were maintained at 0- 4° C unti I the final sample 

was transferred to the counting tube . A solution containing 1 volume normal 

rabbit serum (NRS) and 9 volumes of 0 .05 M borate buffer in 0.1 M NaCl, 

pH 8. 5 (NRS- buffer) was used as diluent for all reagents and samples used 

in the test. 

Samples of the tissue extracts or diluted pl asma sampl es estimated to 

contain 5- 15 ug albumin , and standards containing 4, 6, 8, 12, and 16 ug 

albumin were placed in 12 x 75 mm polystyrene tes t tubes and made to O. 2 

ml volume with NRS-buffer . Hamilton syringes , equipped with hand oper

ated repeating dispensers, W(: re used to di spense first approximately 

15,000 cpm in 0.05 ml of ratC 25ijalbumin and finally, 0 .05 ml anti serum 

(di luted to precipitate 3 ug albumin) into each tub . A normal scrum control 

containing NRS instead of antiserum, and an ant isllrum ontr I to which no 

unlabeled albumin was added were included with a h run . After mixing, 

the tut,es were capped and incubated overnight in the r efri ger ator . The 

next morning O. S ml of a solution prepared by mixing 64 ml of an aqueous 

solution which was saturated with ammonium sulfate at 4°C with 36 ml cold 

borate buffer was added to each tube . The contents were mixed and al lowed 

to stand for 30 minutes before they were centrifuged for 30 minutes at 1600 g. 

Five-tenths ml of each supernate was transferred to counting tubes and the 
1251 content was counted with a Packard two-channel Auto-Gamma counter 

which was set to di scri mi nate between 12 51 and 131 1 pulses. 

Calculations . Various transformations of the data were made in an 

attempt to extend the linear portion of the standard curve. The best fit was 

achieved using a logit transformation (Rodbard D, Bridson W, Rayford PL. 

J Lab Clin Med. 74: 770, 1969) 7, and deriving separate regression equations 

for the lower and upper half of the curve. These calculations were program

med on magnetic cards for a Hewlett Packard 9810A calculator in such a way 

that the regression equations for the standard curve were first derived and 

stored. Upon entry of the number of 1251 cpm in the test supernate, the choice 

of the proper regression equation and the corrections for the control values 

were made automatically, and the mean albumin content of the tube was printed 

out. In subsequent steps, entry of the 131 1 cpm per ml extract, 131 1 cpm 

per ml plasma, ug albumin per ml plasma, and gm tissue per ml extract 
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yielded a value for the ug albumin per gm tissue corrected for residual plasma 

albumin in the extracts. The final conversions to whole body albumin content 

and mg albumin per 100 gm rat weight were performed manually. 

Additional Procedures. As confirmation that the albumin molecules in 

the tissue extracts which was measured in the RIA system .were essentially 

intact rather than immunoreactive fragments, some of the extracts were ultra

filtered by centrifugation using Ami con Centriflo ™ CFS0A membrane ultra

filters which are rated to retain molecules above 50,000 molecular weight. 

The ultrafiltrates were removed and s;,ved. The material retained on the 

filters was washed once with 0.15 M NaCl, recentrifuged, and finally was 

d · A · M' . TM B C Th h concentrate in m1con in1con oncentrators. ese ave a reten-

tion (cut-off) rating of 15,000 molecular weight. 

The proteins in the concentrated extracts were separated by electro

phoresis in Tris-barbital buffer, pH 8. 8 on cellulose acetate plate. Normal 

rat serum was run on each plate as a control. Duplicate plates were prepared 

and after the electrophoretic separation was completed, one pl.ate was stained 

for protein visualization and antiserum was applied to the,other for immuno

diffusion. When the anti-rat albumin antiserun, which WdS used for RIA was 

used for the immunodiffusion only one precipitin band appeared with the 

extracts and the control serum. When anti-rat lgG antiserum was applied a 

strong precipitin band appeared in both the extracts and control serum also. 

No attempt was made to quantitate thP. reaction. 

Aliquots of the ultrafiltrates of the extracts were added to the standard 

RIA system and there was essentially no interaction. 

RESULTS 

The albumin content of the various tissues from a small group of con

trol and burned rats is shown in Table 1. The mean albumin content of the 

plasma of the burned rats is lower, while that of the carcass is essentially the 

same as that of the control rats. The total albumin of the skin of the burned 

rats is much higher than that of the controls. The percentage reduction of 

the albumin in the viscera of the burned rats is quite large but because of 

its small total value, it contributes little to the total albumin pool size. 

When the albumin content of these same tissues is compared on a basis 

of mg albumin per gm wet tissue weight (Table 2) one can see that the elevated 
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Table 1. Mean Albumin Content of Plasma and Tissues 
of Control and Burned Rats* 
(mg albumin/ 100 gm rat wt) 

Sample Group Ratio (B/C) 
Control (C) Burned (B) 

Plasnia 117. 7 98. 1 0.83 

Viscera 27.2 17 . 9 0.66 

Carcass** 117. 0 113.6 0.97 

Unburned s ki r 56.9 
of burned rat 

Burn eschar 123.9 

l'otal skin 88.8 180.7 2.04 
---------------------------------------------------------------
Total tissue 
albumin 

Total tissue plus 
plasma albumin 

233.0 

350. 7 

* Mean of 3 rats per group 

** Muscle and bone 

312.2 1.34 

410 . 4 1. 17 
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albumin content of the burn eschar is sufficient to account for almost all of 

the difference between the sizes of the extravascular albumin pools of the 

2 groups. The skin from the unburned area of the burned rat has essentially 

the same albumin content as does the skin from the control animals. The 

total y., J ter content of the skin (determined by drying to constant weight) was 

60-65% for unburned skin of both burned and control rats, and 70% for the 

burn eschar. This indicates that the mean albumin concentration in the 

tissue fluid in the burn eschar is a minimum of 3 times greater than in 

unburned skin. 

Processing all of the different tissues of each rat separately required 

so much time that only a small number of animals could be processed during 

the 2-day interval which had been chosen as the appropriate time for study. 

Since the primary objective of this study was to compare the total albumin 

pools of the experimental groups, in the remaining experiment~i runs each 

blood-free eviscerated body was processed as a single sample. These re

sults are shown in Table l. 

The plasma albumin pool in the burned animals was reduced to about 

88% of normal, while that of the burned-infected animals had dropped to 

about 33%. This occurred in the presence of tissue albumin pools which 

were greater than normal in both groups. Plasma volumes were essentially 

the same for all groups at this time. 

This model for burn-infection constitutes a very severe injury. About 

half of the rats in this group died before the fifth postburn day. The remain

ing animals had lost about one-third of their preburn body weight. During 

this period, animals in the burned group gained S-1 O gm and control rats 

20-25 gm. The rapid weight loss experienced by the burned-infected rats 

may bias the interpretation of the results for this group since the values were 

calculated on the basis of body weight at the time of sacrifice. 

DISCUSSION 

The rapid movement of water, electrolytes, and protein into the burn 

wound immediately after burn injury has been attributed to simple passage of 

plasma out of the capillaries (Cope 0, Graham JB, Moore FD,Batt MR. Ann 

Surg. 128: 1041, 1948) 
8 

and to increased extravascular osmolarity in the burned 

area resu ltl ng from therma I damage to the cells (Arturson G, Meltander S. 
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Acta physiol Scand. 62: 457, 19649; Leape LL. J Trauma 10: 488, 197010). 

The inability to restore the plasma albumin pool size to normal has 

been ascribed to decreased synthesis (Kukral JC, Meadows DC. Surg 

Forum 15: 43, 19641\ Rothschild MA, Oratz M, Schreiber SS. N Eng J Med. 

286: 816, 1972 12), increased catabolism and direct loss through the burn 

wound surface (Davies JWL. Clin Sci 23:411, 196213; Birke G, Liljedahl 

SO, Plantin LO, Reizenstein P. Acta chir Scand. 134: 27, 196714; Nylen B, 

Wallenius G. Acta chir Scand. 122:97, 1961 15) and to sequestration of albumin 

in the burn wound area (Lynch JB, Bray JP, Lewis SR, Blocker TG. J Surg 
16 Res. 4:226, 1964) . 

When labeled albumin or gamma globulin is injected intravenously, 

after surgery or at various times during the postburn period, it continues to 

move from the plasma into the burn wound at an Increased rate until the 

time when wound healing is almost complete (Lynch JP, Bray JP, Lewis SR. 

Blocker TG. J Surg Res. 4:226, 196416; Mouridsen HT. Acta chir Scand. 

134: 417, 1968 17) . It has also been shown that the concentration of al I pro

tein fractions in lymph flowing from the burned area increases rapidly fol

lowing burn and remains elevated for 7-14 days (Roberts JC, Courtice FC. 

Aust J exp Biol med Sci. 47: 421, 1969) 18 . 

Although we found normal c!bumin levels in the unburned skin and 

carcass of burned rats on the sixth postburn day, the albumin content of 

the burn wound area was still more than 3 times normal. This albumin was 

found by ultrafiltration and electrophoresis to be essentially intact, rather 

than small immunoreactive fragments. Since albumin continues to move from 

the plasma into the burn wound at accelerated rates and the albumin content 

of lymph flowing from the burn wound area is still elevated at this time, it 

appears that the burn wound albumin pool must be constantly exchanging 

with th~ plasma albumin pool as if a new "equilibrium" had been attained. 

SUMMARY 

Measurement of plasma and tissue albumin pool sizes in control, burned, 

and burned-infected rats has shown that although the plasma albumin pool 

is reduced in the injured rats, the total body pool size is greater than that 

of the controls. Carcass and unburned skin albumin levels were not signifi

cantly reduced in the injured animals. The greatly Increased albumin content 
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of the burn wound eschar is sufficient to account for the increased size of 

the extravascular pool. 
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Patients on an experimental vitamin K deficient diet or in an 
intensive care unit may suffer the onset of hypoprothrombinemia, 
manifested · as a prolonged prothrombin time, within seven days to 
four months(Frick PG, Riedler G Brogli H.: J Appl Physiol 23: 387, 
19G71; Ham JM: Med J Aust 2: 716. 1971 2). Because the thermally 
injured soldier may be on a similarly inadequate diet or under other 
conditions favorable to the production of vitamin~ deficiency. it 
seemed necessary to investigate the frequency ~ith which vitamin 
K-responsive prolongation of the prothrombin time occurred. Weekly 
blood studies were drawn following thermal injury for four weeks 
whenever possible. Liberal doses of vitamin K

1 
(0.25 mg/kg) were 

administered parenterally to those patients who suffered from an 
isolated defect in their prothrombin time. Less than 70¾ of normal 
activity . as determined by standard dilution curves on at least two 
consecutive days was required for treatment. Forty-one patients have 
been studied since the inception of the protocol. Eight patients 
have fulfilled the criteria for treatment with vitamin K. Three pa
tients have responded as evidenced by shortening of their prothrombin 
time to normal. Each of these three was on parenteral antibiotics. 
Two patients were being given intravenous glucose as the sole source 
of calories. Occurrence of vitamin K deficiency is a preventable 
consequence of thermal 1nJury. However, the significance of its pre
sence, casual factors, and incidence are not defined at this time. 

Thermal injury 
Vitamin K 
Prothrombin time 
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VIT~IN K DEFICIENCY IN THE THERMALLY INJURED PATIENT 

Hemorrhage, abnormal coagulation studies, and marked weight loss 
are well known in the critically injured patient (Pruitt BA, Jr., Foley 
FD, Mason AD: USAISR. Ann Prog Rpt FY 1971, Sec 32.3; Eureuius K, 
McManus WF, McEuen DD: USAISR. Ann Prog Rpt FY 1971, Sec 39 . ). Some 
of these patients develop vitamin K deficiency as evidenced by an abnor
mal prothrombln time which is corrected by administration of the vitamin. 
Chronically disabled, elderly patients may also manifest abnormal pro
thrombin times responsive to vitamin K (Hazell K, Baloch KH: Gerontol 
Clin (Basel) 12: 10, 1970)5. The activity of vitamin K is confined to 
J role in the production of coagulation factors

6
11, VII, IX, and X. 

(Woolf IL, Babior BM: Jwer J Med 53: 261, 1972) • The usual sources of 
the vitamin are dietary vegetables although synthetic menadiones are 
available. 

In this continuing study we are attempting to define the prevalance, 
significance, possible clinical causes, and response to treatment with 
vitamin K of isolated abnormal prothrombin times in the thermally in
jured patient. Whole blood studies have been drawn as seemed clinically 
'indicated but at least weekly for four weeks following thermal injury. 
Specimens were drawn, mixed with anticoagulant, and inmediately chilled 
on ice. Coagulation studies were then performed by methods used previ
ously in this lab within one hour. Such studies have included prothrom
bin time, activated partial thromboplastin time, fibrinogen concentra
tion, fibrin-fibrinogen degradation product titers, platelets, plasma 
hemoglobin studies for circulating anticoagulants, peripheral blood 
smears, and other studies as seemed necessary for the individual patient. 

Forty-one patients have been studied to date. There have been 11 
survivors. Eight patients have fulfilled the criteria for treatment. 
Three patients responded to the 0.25 mg/kg dose of vitamin K administered 
intravenously. The mean burn size of the survivors was 38°/o and of the 
nonsurvivors 62%. Of those treated, the mean burn size was 57% and the 
responsive patients had a mean burn size of 46%. All of the treated pa
tients in whom studies were available had at least one abnormal liver 
enzyme test, and several were jaundiced. The three patients who respon
ded to vitamin K administration were between 11 and 188 days post burn. 
Two of the three had been receiving almost continuous intravenous dex
trose and Intravenous antibiotics. The third was poorly nourished and 
had been receiving multiple antibiotics for five months because of skin 
infections. Two patients with active bleeding had clinical improvement 
with correction of their prothrombln time. Too few patients have been 
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studied for adequate periods of time to allow any conclusion as to 
the incidence of vitamin K deficiency. Persistent prolongation of 
the prothrombin time may be more prevalant than previously suspected, 
especially when one considers patients with extensive burns with ap
parent liver dysfunction. Antibiotic therapy and inadequate diet do 
seem to be important in the group of patients who will respond to 
Vitamin K. 
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Various aspects of erythrocyte sodium movement have been measured 

in 48 patients with extensive thermal injury. Intracellular sodium and 

potassium concentrations were determined and found to be identical to 

those observed in a group of healthy individuals of comparable age. Flux 

studies, using 22Na, revealed no differences between burn patients and 

controls in tt,e ouabain-sensitive transport of sodium from the cell; only a 

slight decrease in the ouabain-insensitive exit was noted among burn 

pa_tients. Furthermore, there was no statistically significant difference in 

sodium influx for the two groups. Consistent with these results were 

essentially normal values for red cell membrane adenosine triphosphatase 

activities, including Km and V max. Burn patients, however, did demonstrate 

nearly a two-fold increase in red cell hexokinase acti~ity, and the implica

tions of this findin~ - ~e discussed with respect to red cell glucose utiliza

tion and membrane cation permeability. 

Membrane adenosine triphosphata:;e 

Hexokinase 

2, 3-Diphosphoglyceric acid 

Glycolysis 

Rats 

Humans 
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ERYTHROCYTE SODIUM TRANSPORT AND MEMBRANE ADENOSINE 
TRIPHOSPHATASE IN PATIEt~TS WITH THERMAL INJURY 

Following thermal trauma, significant abnormalities in the intracellular 

sodium concentration of red blood cells have been described (Lantsberg LA, 

Fed. Proc. 23 (1964) TSIS\ Proctor HJ, Smith EKM, Cole C, Welt LG, Surg. 

Forum 18 ( 1967) 692; Curreri PN, Wilmore OW, Mason AD,Jr, Newsome TW, 

Asch MJ. J Trauma 11 ( 1971) 3903). In general, during the first postinjury 

month, burn patients demonstrate an elevation in red cell sodium, the magni

tude of which is 40-60% above normal; at the same time, intracellular potassium, 

red cell volume, and plasma electrolytes are essentially normal. This cation 

imbalance could result from several factors, including a defective active trans

port system, an altered passive permeability barrier, or changes in the 

intracellular energy-generating process. We have investigated sodium trans

port, membrane adenosine triphosphatase activities, and certain aspects of 

glycolysis in red blood cells from a large population of burn patients. The 

present studies were designed to allow one to distinguish among these possi

bilities and, in turh, to provide an explanation for these observations. 

METHODS 

Red Cell Cation Content: Approximately 10 ml of whole blood was drawn 

into heparinized plastic syringes and chilled immediately in ice. Following 

the procedure of Smith and Samuel (Smith EKM, Samuel PD, Clin. Sci. 38 

(1970) 49)
4

, the blood was centrifuged at 15,000 xg for 60-75 seconds, using 

a Sorvall RC-2B instrument refrige~ated at 4° C. After removing the plasma 

and buffy coat, the red cells were washed three times in 290 mOsM MgCl
2 

containing 25 ml/I of isotonic glycylglycine-MgCO
3 

buffer at pH 7. 4. The 

cells were then suspended in an equal volume of buffer and the exact hemato

crlt determined. Sodium and potassium analyses were performed with an 

Instrumentation Laboratories model 143 flame photometer, with the results 

expressed as mmoles per liter of packed red cells. 

Sodium Influx and Efflux: Without modification, the technique of 

Smith and Samuel (Smith EKM, Samuel PD, Clin. Sci. 38 (1970) 49) 4 was 

t,sed for the measurement of rate constants for sodium influx and efflux. 
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22NaCI was obtained from New England Nuclear Corporation, and radioactivity 

was determined in a Packard model 3002 autogamma spectrometer . When possible 

red cells from a patient and a control were examined on the same day. Efflux 

measurements were made by exposing red cells for 3 hours at 37° C to a solu

tion containing isomotic sodium phosphate, pH 7. 4, glucose (2. 5 mg/ml), and 

2. 5 uCi of 22NaCI; the loaded cells were then washed six times in 290 mOsM 

MgCl
2 

and resuspended at a hematocrit of 0. 2 to 0. 3% in the following medium: 

140 m~; KCI, 5 m~; sodium phosphate buffer, I. 4 m~. pH 7. 4; glycylglcyine 

(27 m~)-MgC0
3 

(5. 3 m~) buffer, pH 7. 4; and glucose 1. 5 mg/ml. Aliquots 

were taken periodically over the course of an hour and analyzed for radio

activity and extent of hemolysis in the cell-free incubation medium. Influx 

rates were measured by analysis of washed cells which had been incubated at 

37° C for 30 minu es in the above medium. to which 1. 25 uCi of 22NaCI had been 

· ad Jed. Aqueous saponin was used to achieve complete hemolysis prior to 

radioactivity determinations. All flux measurements were performed in du

plicate. The rate constants express the fraction of radioactive sodium which 

crosses the cell membrane per hour. Influx was corrected for the sodium pumped 

out of the eel I during the experiment (Sachs JR, Conrad ME, Am J Physiol. 215 

( 1968) 795) 5 , while efflux was corrected for the extent of hemolysis, generally 

less than 2% (Sachs JR, Welt LG, J. Clin . Invest. 46 ( 1967) 65) 6 . Total sodium 
-1 -1 

movement, in mmoles 1 h , represents the product of the rate constant and 

the initial sodium concentration. Oua:.,ain ( 10- 4M) was added to inhibit the 

active component of sodium efflux. 

Adenosire Triphosphatase Activity: Red cell membranes were prepared 

from heparinized blood by washing in 310 mOsM Tris-HCI, pH 7. 5, and by 

lysing in 15 mOsM Tris-HCI, pH 7. 5, as described by Rosenberg and Guidotti 

(Rosenberg SA, Guidotti G, J. Biol·. Chem. 243 (1968) 1985) .7. Stromal protein 

was determined by the biuret method, using sodium deoxycholate and hydrogen 

peroxide to facilitate the measurements (Yon~tani T, J. Biol. Chem. 236 ( 1961) 

1680) 8 . Basically, the procedure of Mircevova and Simonova (Mircevova L. 

Simonova A, Coll. Czech. Chem. Coomun. 31 (1966) 4145) 9 was followed for 

ATPase activity. The composition of the incubation medium was 250 mM Tris- HCI. 
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75 mM NaCl, 12.5 m~KCI, 3 m~MgCl
2

, 2.5 mM ATP, and approximately 1-2 

mg of membrane protein, all at pH 7. 4 and 37° C. Ouabain (5 x 10- 5M) was 

added to distinguish between Na+, K+-dependent (Na+, K+-ATPase) and Na+, 

K+-independent (Mg2+- ATPase) enzyme activities. The release of inorganic 

phosphate was estimated according to Fiske and SubbaRow (Fiske CH, SubbaRow 

Y, J. Biol. Chem. 66 (1925) 375) lO or more readily by the automated method 

of Van Belle (Van Belle H, Anal. Biochem. 33 ( 1970) 132) 11 . 

Hexokinase Activity: Lysates of saline-washed red cells were pre

pared according to Brewer, et al (Brewer GJ, Powell RD, Swanson SH, 

Alving AS, J. Lab. Clin. Med. 64 (1964) 601) 12 . Stroma-free supernatants 

were dialyzed overnight against 0.067 ~ potassium phosphate, pH 6.3, con

taining 1 m~ disodium EDTA. Hemoglobin was determined after conversion 

to cyanmethemoglobin. Enzyme assays were performed at pH 7. 2 and 25° C 

in a temperature-regulated Gi I ford model 240 recording spectrophotometer. 

The phosphorylation of glucose was followed at 340 nm in a medium containing 

33 m~ Tris-HCI, 10 m~ MgCl
2

, 6. 7 m~ ATP, 3. 3 m~ NADP, 6. 7 m~ glucose, 

0. 033 units/ml of glucose-6-phosphate dehydrogenase (Baker's yeast), and 

1. 67 mg/ml of lysate hemoglobin. As discussed by Brewer, et al (Brewer 

GJ, Powell RD, Swanson SH, AlvingAS, J. Lab. Clin. Med. 64 (1964) 601) 12 , 

there is sufficient endogenous 6-phosphogluconate dehydrogenase present in 

the lysate so that two moles of NADP wi II be reduced for each mole of glucose 

phosphorylated. 

RESULTS 

Intracellular sodium concentrations were determined in a group of 

34 burn patients, whose average age was 23 and mean burn size was 47. 8% 

(24. 5% third degree). With three exceptions, all patients were sampled 

between postburn days iand 30. Similar measurements were made in a 

group of 15 control subjects. As seen in Table 1, the mean sodiun concen

tration was 6.91 !_ 0.25 (SEM)mmole/1 for burn patients and 6.94 '!_ 0.28 

mmole/1 for controls. For both groups the range of observed values was 

comparable. Similarly, the mean and range of intracellular potassium con

centration were nearly Identical in the two groups. Thus, in the current 
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population of burn patients and using the method described, there is no 

evidence of abnormal red cell cation levels. 

We nevertheless continued our investigation of sodium transport with 

a detailed analysis of influx and efflux parameters in 10 burn patients (aver

age age, 22; mean burn size, 51.2%; full-thickness injury, 22.2%; mean day 

postburn, 20) and nine controls. The results are summarized in Table 2. 

Thl' total efflux rate constant Wi.lS identical for the two groups, having a value 

of O. 376 h- 1. However, when this was dissociated into its active (i.e. ,oua

bain-sensitive) and residual components, small differences were noted. Burn 

patients demonstrated a slightly i1 igher rate constant for ouabain-sensitive 

sodium efflux, 0.274 h-l as compared to 0.254 h-l for controls; however, this 

difference was statistically insignificant. On the other hand, the somewhat 

reduced residual rate constant for the burn patients,0.102 h-
1

, was moderately 

significantly different (p< 0.05) from that for the control subjects, 0.122 h -l. 

Simultaneous measurements of sodium influx were carried out on these 

same individuals. What appears to be a marked increase in the mean influx 

rate constant for burn p ients, 0.0224 h- 1, when compared with that for 

controls, 0.0166 h- 1, is, in fact, not significant. Among the burn patients 

were two with unusually high values, namely 0.0388 and 0.0488; the mean 

rate constant for the remaining eight patients was 0.0170 h-1. 

The information regarding influx and efflux rate constants allows a 

comparison of total sodium influx and efflux. For the control subjects total 
. . -1 -1 

sodium influx was 2.37 mmoles 1 h ,while total sodium efflux was 2.47 

mmoles 1-lh - l (Table 2), thereby confirming a steady state in sodium move

ment across the red cell membrane. For the burn patients, however, there 

is an apparent deviation from the steady state, but as noted above this is 

attributable to those two patients whose influx rate constants were 2 and 3 

times normal. The other burn patien~s showed a corresponding balance 

between sodium influx, 2.43 mmoles l-lh- 1, and sodium efflux, 2.26 mmoles 
-1 -1 

I h . 

Participation of a membrane-bound adenosine triphosphatase activity 

in the transpor~ of sodium and potassium across the red cell membrane has 
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been demonstrated by Post, et al (Post RL, Merritt CR, Kinsolving CR, 

Albright CD, J. Biol. Chem. 235 (1960) 1796) 13 . Both processes, for ex

ample, require sodium and potassium in concert, exhibit high specificity 

toward ATP, have similar kinetic parameters, and are inhibited by ouabain, 

a cardiac glycoside. Based on our findings of no significant differences 

between burn patients and controls regarding sodium influx and efflux, we 

sought confirmation from the various membrane ATPase activities. The re

sults are presented in Table 3. The group of 14 burn patients had a mean Na+, 

K+-ATPase activity of 0.054 umole h - 1mg- 1, while the control group's value 

was 0.049 umole h- 1mg- 1. There wen: also small, but insignificant differ

enc~s in the Mg2+ -ATPase activities. Therefore, there is excellent corre

lation between the sodium transport data and these membrane enzyme measure

ments. Interestingly, in both cases the sodium- and potassium-dependent 

activities of the burn patients were 8-10% higher than the control individuals. 

The values reported in Table 3 are comparable to those reported by others 

using intact stromr1 preparations (Post RL, Merritt CR, Kinsolving CR, 

Albright CD, J. Biol. Chem. 235 (1960) 179613; PalekJ, BrabecV, Vopatova 

M, Michalec C, Mircevova L, Clin. Chim. Acta 23 (1969) 133 14). 

We examined further the kinetic parameters of the membrane ATPase 

activities. Upon variation of substrate concentration, in this case ATP, and 

measurement of subsequent enzyme activity, one may establish the maximum 

velocity, V , and Michaelis constant, K , for the particular enzyme. The 
max m 

latter term is often equivalent to the binding constant of the e:nzyme for its 

substrate. When membrane ATPase of red cells from burn patients and con

trols is subjected to different concentrations of Mg2+-ATP, linear double 

reciprocal plots result; that is, there is a direct relationship between 

(substrate)-l and (activity)-l. This finding conforms to a hyperbolic re

lationship between the two parameters, as well as to the absence of substrate 

inhibition or enzyme subunit cooperativity. In general, thermal injury led 

to increases in V for all ATPase activities, while K values for ATP were max m 
unaffected (Table 4). The observed normal values of K (ATP) and V for 

m max 
total ATPase are comparable to those reported by Oski, et al (Oski FA, Naiman 

JL, Blum SF, Zarkowsky HS, Whaun J, Shohet SB, Green A, Nathan DG, New 
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Eng. J. Med. 280 (1969) 909) 
15

· for the Mg2+-dependent activity, our Km 

for ATP is identical to that calculated by Godin and Schrier (Godin DV, Schrier 

SL, Biochemistry 9 ( 1970) 4068) 16 , but our V is lower by a factor of 3-4. max 
This difference is most likely due to the fact that Godin and Schrier used 

sheared membranes (Godin DV, Schrier SL. Biochemistry 9 ( 1970) 4068) 
16

, 

while in the present work the membranes are essentially intact (Rosenberg 

SA, Guidotti G, J . Biol. Chem. 243 (1968) 1985) 7. 

An additional area of investigation concerned the activity of red cell 

hexokinase in burn patients. Rapoport (Rapoport S, in P.N. Campbell, G.D. 

Grevi lie (eds), Essays in Biochemistry, V. 4, Academic Press, N. Y., 1968, 

p. 69) 17 has discussed the role of hexokinase in red cell glycolysis and con

cluded that this enzyme is primarily responsible for the over al I regulation 

of glucose metabolism and, therefore, for the net production of such phos

phorylated compounds as ATP and 2, 3-diphosphoglycerate. As seen in 

Table 5, a group of 13 burn patients with an average injury of 46% total body 

surface showed a marked enhancement of hexokinase activity with a mean 

value of 23. 9 umoles of glucose phosphorylated per hour per gram of hemo

globin. The activity of the control group was 13. 7, in good agreement with 

the normal values of 13.5 and 12.9-17.4 reported, respectively, by Brewer, 

et al (Brewer GJ, Powell RD, Swanson SH, Alving AS, J. Lab. Clin. Med. 

64 (1964) 601) 12 and Keitt (Keitt AS, J. Clin. Invest. 48 (1969) 1997) 18 . 

While not examined, this result suggests that burn patients should demon

strate a significant increase in the conversion of glucose to lactate. 

DISCUSSION 

The many facets of the current investigation describe a red cell popu

lation from burn patients not remarkably different from normal. With the 

exception of an enhanced hexokinase activity and the capacity, in terms of 

V max' for increased membranE ATPase turnover, burn patients appear to 

have normal sodium and potassium transport mechanisms as expressed by 

sodium influx and efflux rate constants and membrane Na+, K+-ATPase 

activity. It was not an unexpected finding that the intracellular concentra

tions of sodium and potassium in these patients were likewise normal. 
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These results are in contrast to previous investigations of human red 

cells fol lowing thermal trauma. Lantsberg (Lantsberg LA, Fed. Proc. 23 

(1964) TSlS) 1 and Curreri, et al (Curreri PW, Wilmore DW, Mason AD.Jr, 

Newsome TW, Asch MJ, J. Trauma 11 (1971) 390) 3 reported consistently 

elevated red cell sodium levels among patients with severe, that is greater 

than 35% total body surface, burn injury. On the other hand, Welt, et al 

(Proctor HJ, Smith EKM, Cole C, Welt LG, Surg. Forum 18 ( 1967) 692 , 

Welt LG, Smith EKM, Dunn MJ, Czerwinski A, Proctor H, Cole C, Balfe JW, 

Gitelamn HJ, .Trans. Assoc. Amer. Phys. 80 (1967) 211 19) studied a group 

of 21 burn patients, characterized by at least 10% third degree injury, and 

found only four with red cell hypernatremia; moreover, those same four 

patients showed a 47% decrease in their ouabain-sensitive sodium efflux 

rate constant and a 57% decrease in their membrane Na+, K+-ATPase activity. 

In the current group of 48 burn patients (electrolyte and membrane ATPase 

measurements were performed on different groups), we have found no 

examples of abnormal sodium concentration or defective sodium transport. 

An increase in sodium influx, a passive diffusion phenomenon, was noted in 

two burn patients, yet their resting sodium concentrations were within the 

normal range. It should be pointed out that the observed intracellular 

electrolyte levels agree well with those reported recently by Smith (Smith 

EKM, Clin. Sci. 42 (1972)447) 20 andFrazer, etal (Frazer A, Secunda SK, 

Me~dels J, Clin. Chim. Acta 36 (1972) 499) 21 , although our values tend 

toward the low end of the normal range. 

A trivial explanation may be sufficient to account for our apparently 

normal burn patients. This derives from the observation by Curreri, et al 

(Curreri PW, Wilmore OW, Mason AD, Jr, Newsome TW, Asch MJ, J.Trauma 

11 ( 1971) 390) 3 that administration of high caloric diets to burn patients with 

elevated red cell sodium concentrations led to a rapid return to normal values. 

These investigators placed burn patients with an average spontaneous daily 

caloric intake of 1600 kilocalories on a combined oral and parenteral feeding 

regimen in which minimum intakes of 3000 kilocalories were maintained, and 

within 3 to S days abnormal sodium levels were abolished. This suggests, 
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as discussed by those authors, a direct relationship between intracellular 

sodium and nutritional support in the traumatized patient. At present the 

maintenance of a positive energy balance is a primary consideration to burn 

patients, especially those with more extensive injury. A careful review of the 

clinical charts of the current study patients indicated that at least 80% were 

receiving some form of hyperalimentation . Furthermore, those patients who 

did not receive additional calories had, in general, smaller (less than 30% 

total body surface) thermal trauma. It is most likely that, as result of 

hyperilimentation, the individuals studied in this investigation did not 

manifest the sodium imbalance and transport deficiency frequently observed 

in the past. 

Our results lend further support to the hypothesis that one of the key 

factors in regulating red cell sodium concentration is the availability of 

metabolic energy. In this regard, the burn patients exhibit a nearly two-

fold increase in hexokinase activity, the rate-limiting enzyme in red cell 

glycolysis (RapoportS, inP.N . Campbell, G.D. Greville (eds), Essays in 

Biochemistry, V. 4, Academic Press, N.Y., 1968, p. 6~) 17 . Thus these 

patients undoubtedly produce an adequate supply of ATP to drive the mem

brane sodium-potassium pump, and, in turn, maintain a low intracellular 

sodium level. Arturson recently observed that burn patients, including 

those with. 40-50% full-thickness injuries, have normal and even supranormal 

concentrations of ATP in their red cells (Arturson G, Injury 1 (1970) 226) 22 . 

The increased hexokinase activity is p'robably not due to increased blood 

glucose which may result from intravenous infusion during hyperalimentation, 

since the glycolytic rate is independent of glucose concentration above 7 mM 

(Carby L, deVerdier CH, Scand. J. Haemat. 1 (1964) 150) 23 . Rather, the

increased hexokinase activity is in part.a reflection of the presumably younger 

mean age of red cells in these burn patients. Brewer and Powell reported 

approximately 50% greater hexokinase activity in young normal red cells 

(Brewer GJ, Powell RD, Nature 199 ( 1963) 704) 24 . In the early postburn 

period, patients often develop severe hemolysis (Shen SC, Ham TH, Fleming 

EM, New Eng. J. Med. 229 (1943) 701) 25 and decreased red cell survival 



22-14 

(Davies JWL, Topley E, Clin. Sci. 15 (1956) 135)
26

; these events would 

necessarily dictate a younger erythrocyte population. Our measurements 

of hexokinase activity were made, on the average, on the twenty-fourth 

postburn day. 

Abnormalities in cation transport and membrane ATPase, leading 

ultimately to increased red cell sodium, have been recently discussed by 

Parker and Welt (Parker JC, Welt LG, Arch. Intern. Med. 129 (1972) 320f'
7

. 

Many disease states elicit these pathologies, among which are hemolytic 

anemia, hereditary spherocytosis, sickle cell disease, congmital . defects 

of certain glycolytic enzymes, and the "sick cell" syndrome. The last 

named state, defined by Smith and Welt (Smith EKM, Welt LG, Arch. Intern. 

Med. 126 (1970) 827) 28 , is characterized by a hypoactive sodium pump.de

creased Na+, K+-ATPase, and sodium concentrations ranging from 12 to 35 

mmoles per liter of red cells . Yet with proper therapeutic treatment all these 

abnormalities can be corrected. For example, uremic patients following 

hemodialysis displayed a marked increase in ouabain-sensitive sodium 

efflux (Welt LG, Smith EKM, Dunn MJ, Czerwinski A, Proctor H, Cole C, 

Balfe JW, Gitelamn HJ, Trans. Assoc. Amer. Phys. 80 (1967) 217) 19 . Hyper

thyroid patients also develop elevated red cell sodium.yet when they become 

clinically euthyroid, the rate constant for sodium efflux rises to normal and 

the intracellular sodium concentration decreases (Smith El''M, Samuel PD, 

Clin Sci 38 ( 1970) 49) 4. It is highly significant that hyperthyroidism has 

classically been characterized by accentuated metabolism (Rawson RW, 

Sonenberg M, Money WL, in G.G. Duncan (ed), Diseases of Metabolism. 

5th ed. , Saunders, Phi la, ~964, p. 1159) 29 . The reversible nature of the 

"sick cell" syndrome can now be extended to burn patients. l_n only an 

indirect manner may we conclude that supranormal caloric feeding, commonly 

begun in the early postburn period, was rt:sponsible for our inability to 

demonstrate red cell cation and membrane transport abnormalities among 

burn patients. The previous observations of others may have arisen from 

populations of energy-depleted red cells, a not unlikely prospect in light 

of the hypermetabolic state associated with thermal trauma (Cope O, Nardi 
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GL, Quijano M, Rovit RL, Stanbury .JB, Wight A, Ann. Surg. 137 { 1953) 

16530; SoroffHS, PearsonE, Arney GK, ArtzCP, inC.P. Artz {ed), 

Research in Burns, Amer. lnstit. Biol. Sci. Washington, 1962, p. 126
31

; 

Harrison HN, Moncrief JA, Duckett JW,Jr, Mason AD, Jr, Surgery 56 (1964) 

2031 32 ). 
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Reports Control Symbol MEDDH- 288 (R 1) 

Phospholipid and phospholipid fatty acid 1l terns have been determined 

by thin - layer and gas - liquid chromatography in red blood cells from 14 adult 

males with extensive thermal trauma, ranging from 16 to 62 i total body sur

face burn. Five healthy adult males in a comparable age range were included 

in the survey. The oncentrations of phosphatidylethanolamine and phospha

tidylserine decreilsed s ignifi cantly in the red cell membranes of five burn 

patients . These same individuals had markedly reduced levels of linoleate 

(18 : 2116. 6. l 'h) arachidonate (20 : 4116, 4. 1 .,) , and docosahexaenoate (22 : 6n3, 

0.4 0), when compared with the nine other burn patients (18 : 2 = 9.1 %; 20: 4 = 

14.0; 22 : 6 =2.7 o) and normals (18 : 2 = 9 . 5° ; 20 : 4 = 17.2~; 22 : 6 = 3.2 %). 

Simultaneously, plasma phospholipid, triglyceride , and cholcsteryl ester 

fatty acid analyses demonstrated only minor deviations from normal values. 

Essential fatty acid deficiency in the red cell membrane phospholipids 

may occur in pati ents with inadequate preburn nutrition or result from inade

quat caloric or extended fat-free parenteral support of these hypermetabolic 

burn patients in whom turnover and utilization of fatty acids are accelerated 

following major thermal trauma. The red cell structural and functional 

abnormalities which accompany thermal injury are discussed in relation to 

these defects in membrane polyunsaturated fatty acids. 

Phospholipid Fatty acid Erythrocyte membrane Humans 
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PHOSPHOLIPID AND PHOSPHOLIPID FATTY ACID COMPOSITION OF 
HUMAN ERYTHROCYTES FOLLOWING SEVERE THERMAL TRAUMA 

Severe thermal injury alters the fragility, survival, cation concentra

tion, and morphology of red blood cells. Of utmost clinical importance is 

increased osmotic red cell fragility, a condition which results in hemolysis, 

hemoglobinuria, and often prolonged anemia (Shen SC, Ham TH, Fleming 
1 EM. New Eng. J. Med. 229: 701, 1943; Moore FD, Peacock WC, Blakely E, 

Cope 0. Ann. Surg. 124:811. 19462). DavisandAlpen (Davis AK, Alpen 

EL. Am. J. Physiol. 184: 151, 1956) 3 demonstrated decreased survival times 

for erythrocytes from experimentally burned rats . Elevated intracellular 

sodium concentrations have been observed in several patient populations 

with major burns (Lantsberg LA. Fed. Proc. 23 : T515, 19644; Curreri PW, 

Wilmore DW, Mason AD, Jr, Newsome TW, Asch MJ, Pruitt BA, Jr. J.Trauma 

11: 390, 1971 5). Finally, heat damaged erythrocytes, in vivo and in vitro, 

are characterized by distinct morphological changes, including abnormal 

discoid and spherical shapes, subnormal eel I diameter, and general coarse

ness of the membrane (Baar S, Arrowsmith DJ . J . Clin . Path. 23: 572, 1970) 6 . 

Taken together, the above phenomena suggest modifications of the red cell 

membrane in selected burn patients. 

The erythrocyte membrane, whose integrity must be maintained for 

normal metabolism and survival of the red cell, is composed of approximately 

equal weight proportions of protein and lipid (Van Deenen LLM, deGier J. 

In The Red Blood Cell, C. Bishop and D.M. Surgenor (eds). Academic Press, 

;, Y. 1964, pp. 243-307) 7. Phospholipids account for three-fifths of the total 

lipid, with the remainder being distributed between cholesterol (30%) and 

glycolipid (10%). The present study was undertaken to describe in detail 

the phospholipid and phospholipid fatty acid composition of red cells of 

patients with severe thermal injury. 

Analyses of serum lipids of burned patients have been reported (Birke 

G, Carlson LA, Liljedahl SO. Acta Med. Scand. 178: 337, 19658; Dolecek R. 

Metabolic Response of the Burned Orgunism, C C. Thomas, Ill., 1969, pp. 
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107-1099), in general, following extensive thermal injury there were initial 

short-term elevation of free fatty acids, a progressive decrease in the level 

of total cholesterol, normal or slightly subnormal concentrations of phospho

lipid, and essentially no change in the quantity of triglyceride. For compari 

son, we included in our survey the fatty acid compositions of these plasma 

lipid .components . 

METHODS 

Blood was drawn from healthy male donors and randomly selected male 

burn patients into heparini zed syringes and chilled immediately in ice. After 

centrifugation at 4° C, the plasma was removed, the buffy coat discarded.and 

the red cells washed three times with 0.9% NaCl. The cells were resuspended 

in saline, sampled for a precise hematocrit, and, together with the plasma, 

stored under nitrogen at -20°c unti I extraction. 

Lipids were extracted from 3 ml of the red eel I and plasma fractions by 

procedure 111 of Ways and Hanahan (Ways P, Hanahan DJ. J. Lipid Res . 5: 

318, 1964) lO. Highest purity. spectroscopic-grade solvents we r e used with

out further purification. To retard oxidation of polyolefinic acids, 2, 6-di -

* tert-butyl-:.E_-cresol (BHT) was used at a concentration of 0.005% (w/v) in 

the solvents during isolation, storage and chromatography of the lipids. 

Phospholipids were quantitatively separated from total re,j cell lipids 

** by column chromatography on silicic acid (100-200 mesh) (Ways P, Hanahan 

DJ. J. Lipid Res. 5: 318, 1964) 
10

. After hydrolysis in 2..!'i_ HCI at 110-120° C 

for 18- 24 hours, fatty acids were extracted with pontane and converted to 

their methyl esters using boron trifluoridemethanol reagent (Metcalfe LD, 

Schmitz AA . Anal. Chem. 33: 363, 1963) 11 . 

Separation of individual phospholipids was achievec..l by thin-I::iyer 

chromatography, using commercially prepared plates of silica gel Ht and a 

* K & K Laboratories, Plainview, New York. 

** Mallinckrodt Chemical Works, St. Louis, Missouri. 

t EM Laboratories, Inc., Elmsford, New York. 
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developing system of chloroform-methanol-acetic acid- water. 25 : 15: 4: 1 (v/v) . 

Phosphorus determinations of the phospholipids by direct digestion of silica 

gel samples were performed as described by Skipski and 6arclay (Skipski 

VP. Barclay M. In Methods in Enzymology. J.M. Lowenstein (ed) Academic 
- 12 

Press, Inc., N.Y .. vol. 14, pp. 530-598, 1969) . 

Plasma lipids were chromatographed on 0. 25- mm layers of silica gel 

c* with a development solvent of petroleum ether (b.p. 63- 75° CJ - diethyl 

ether- acetic acid, 90: 10: 1 (v/v). 

Commercially avai I able standards allowed identification of triglyceride. 

cholesteryl ester and various phospholipid regions. These lipids were then 

eluted from the plates (Skipski VP. Barclay M. In Methods in Enzymology. 

J.M. Lowenstein (ed) Academic Press, Inc .• N.~. vol. 14, p~. 530-598, 1969) 
12 

and subjected to acid hydrolysis and methylation. It was necessary to purify 

further by thin-layer chromatography the methyl esters derived from choles 

teryl esters in order to eliminate substan-:es which interfered with subsequent 

analysis. 

Fatty acid methyl esters were finally subjected to gas- liquid chroma

tography, using a Varian 1800 instrument equipped with dual flame ionization 

detectors and an electronic integrator. Two paired- column systems were 
** ** 

used: (1) 3% EGSS- X on Gas Chrom Q, 100- 120 mesh , I/8- inch by 12- foot 

stainless steel columns, operated between 100- 200°C at 3° /min; and· (2) 1. 25% 

DEGS'ton Chromosorb G (H.P.), 100-120 mest{t, 2-mm by 12- foot glass 

columns, operated between 120-19o0 c at 4°/min. For both systems helium 

(18 ml/min) served as the carrier 9as. In our experience the DEGS columns 

performed more satisfactorily. Identification of the various fatty acids was by 

comparison with commercially available standards, cod liver oi I fatty acid 

methyl esters, and published chromatograms using the EGSS-X liquid phase 

Analtech, Inc .• Newark, Delaware 

** Applied Science Laboratories, Inc, State College, Pennsylvania 
+ 
+ Regis Chemical Company, Chicago, 11 linois 
++ 
++ Varian Aerograph, Walnut Creek, California 
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(Dodge JT, Phillips GB. J. Lipid Res. 8: 667, 1967) 
13

. The nomenclature 

for fatty acids is the following : arachidonic acid, 20 : 4n6, where 20 is the total 

number of carbon atoms, 4 is the number of methylene-bridged ci5 double 

bonds, and n6 is the position of the double bond nearest the terminal methyl 

group; in some cases a slightly abbreviated form is used, ~ 20 : 4. 

RESULTS 

Erythrocyte membrane phospholipids. In Table 1 are shown the values 

for total lipid phosphorus and phospholipid distribution in red cell membrane 

preparations from normal and burn subjects . It was at once apparent that 

the burn patients belonged lo one of two distinct categories - those with normal 

phospholipid patterns and those with marked phospholipid alterations. Eight 

burn patients (Group 1, mean age 33. 8; mean burn size 41. 1 %, mean full 

thickness injury 28. 4%) had normal levels of membrane phosphorus and a 

normal distribution of phosphol ipids among the four major classes. On the 

other hand, five other burn patients (Group 11, mean age 29. 2, mean burn 

siz 45.6%, mean full-thickness injury 23. n ) displayed a marked reduction in 

lipid phosphorus. The effect of this change on the phospholipid d istribution 

is even more striking. Among the individual phospholipids there were rela

tive increases in phosphatidylcholine and sphingomyelin and a relative de

crease in phosphatidylethanolamine. With the overall decrease in membrane 

phospholipid taken into consideration, however, these variations correspond 

to absolute reductions in phosphatidylethanolamine (38% of normal) and pho -

phatidylserine (64% of normal). On a weight basis, phosphatidylchol ine and 

sphingomyelin maintained their normal levels. 

Fatty acid composi lion of the erythrocyte phosphol ipids. In the analysis 

of fatty acids derived from the total phospholipid extracts (Table 2), there 

were only minimal differences between normal red cells and those sampled 

from the Group 1 burn patients. A slight reduction in arachidonate (20 : 4n6) 

was accompanied by similarly small increases in pal mi loleale, oleate and 

nervonate (24 : 1n9). With these exceptions, all other fatty acids were pre-

sent in normal concentrations. 

The distribution of fatty acids from the erythrocytes of Grnup II burn 
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patients, however, exhibited a pronounced trend toward decreases in all 

polyunsaturated species. The most dramatic changes included a 76% decrease 

in 20: 4n6 and an 88% decrease in 22: 6n3. Linoleate was also reduced, but 

only by 36%. Concurrently, there were substantial increases in 16: 0, 18: 1n9; 

24 : o, and 24: 1n9.ln these analyses no attempt was made to quantitate fatty 

aldehyde levels. 

When the fatty acid data in Table 2 are converted from a weight dis tr ibu

tion to a molar distribution and then grouped according to structural simi lari

ties (Table 3), the differences between normal and Group 1 burn subjects, 

on the one hand, and Group 11 burn patients, on the other, are more clearly 

defined. Specifically, the decreases in all members of the n6 and n3 series 

and the increases in all members of the n9 and saturated series lead to a 

marked shift in the ratio of saturated to unsaturated fatty acids present within 

the red cell membrane of phospholipid-deficient burn patients (Group 11). 

Fatty acid patterns of individual phospholipids. Following isolation 

of individual phospholipids by thin-layer chromatography, fatty acid distri

butions were determined within each class for S normal and S Group II burn 

patients (Table 4). The composition of sphingomyelin, with its high propor

tion of saturated and long-chain acids, was unaffected by thermal injury. 

Phosphatidylethanolamine and phosphatidylserine, however, displayed altera

tions in nearly all fatt.y acids quantitated and in the same manner observed in 

the combined phospholipid analysis. While oleate increased significantly in 

those two classes, the overall absolute decline in phosphatidylethanolamine 

and phosphatidylserine resulted in an apparently normal level of oleate in 

the total phospholipid extract. Of further interest is the finding that changes 

in linoleate were restricted to phosphatidylcholine, where it is the principal 

polyunsaturated fatty acid. Finally, of the two species of eicosatrienoate 

(20: 3) identified and analyzed, there were neither markedly reduced quan

tities of the n6 acid nor unusually elevated levels of the n9 isomer. 

Plasma lipid fatty acids. To ascertain how widespread the fatty acid 

alterations were, we investigated certain plasma lipid classes. Two normal 

subjects and four Group II burn patients were selected, and it is evident from 



C
X

) I 
I"

'\
 

N
 

T
ab

le
 

3.
 

M
ol

ar
 

F
at

ty
 A

ci
d

 D
is

tr
ib

u
ti

o
n

 o
f 

R
e

d
 C

el
l 

P
h

o
sp

h
o

li
p

id
s 

fr
o

m
 

N
or

m
al

 
an

d
 

B
u

rn
e

d
 S

u
b

je
ct

s 

S
at

u
ra

te
d

 f
at

ty
 

ac
id

s 

P
al

m
it

at
e 

( 1
6)

 

S
te

ar
at

e 
( 1

1)
 

L
ig

n
o

ce
ra

te
 

(2
4

) 

T
o

ta
l 

U
n

sa
tu

ra
te

d
 f

at
ty

 a
ci

d
s 

O
le

at
e 

se
ri

e
s 

(n
9)

 

O
le

at
e 

( 1
1

) 

N
er

v
o

n
at

e 
(2

4
) 

T
o

ta
l 

L
in

o
le

at
e 

se
ri

c>
 

(n
6

) 

L
in

o
le

at
e 

(1
1

) 

A
ra

c.h
id

o
n

at
e 

(?
O

) 

T
o

ta
l 

L
i n

o
le

t\
al

e 
se

ri
e
s 

{
n

l}
 

~
u

e
n

o
a
t
e
 

(2
2

) 

T
o

ta
l 

u
n

sa
tu

n
te

d
. 

1n
c

lu
d

1n
g

 

P
a

lm
it

o
le

at
e 

(1
6 

1n
7

) 

R
at

io
 

{s
a
tu

ra
te

d
/u

n
s.

tu
ra

te
d

) 

N
or

m
al

 
S

u
b

je
ct

s 

2
1

.5
 

16
.9

 

4.
11

 

49
.1

 

16
.1

 

"·"
 

21
. 2

 

9
.7

 

15
.1

 

25
.5

 

2
.7

 

50
. 3

 

0
.9

9
 

B
u

rn
 P

at
ie

n
ts

 
C

ro
u

p
 1

 
C

ro
u

p
 11

 
m

o
le

s/
1

0
0

 m
ol

es
 

2
7

.1
 

16
.7

 

4
.0

 

4
1

.5
 

11
.6

 

6.
 1

 

2
,.

1
 

9
.4

 

1
2

.9
 

22
.3

 

2
.2

 

5
1

.6
 

0
.9

4
 

3
5

.3
 

17
 .4

 

6
.7

 

5
9

.,
 

2
1

.6
 

7.
 1

 

2
1

.7
 

6
.2

 

3
.6

 

9
.1

 

o.
, 

'°
·5

 
1

.,
1

 



T
ab

le
 •

· 
F

at
ty

 A
ci

d
 D

is
tr

ib
u

ti
o

n
 o

f 
th

e
 

M
aj

o
r 

P
h

o
sp

h
o

li
p

id
 C

la
ss

es
 o

f 
R

ed
 C

el
ls

 f
ro

m
 

N
or

m
al

 a
n

d
 B

u
rn

ed
 P

at
ie

n
ts

 

F
at

ty
 

P
h

o
sl

!!
!!

ti
~

le
th

an
o

la
m

in
e 

A
ci

d
 

C
ro

up
 11

 
N

or
m

11
ls

a 
B

u
rn

s 

16
:0

 
20

.2
+

1
.5

b
 

25
.6

!2
.0

 

16
: 

1n
:' 

0
. 7

!_
0

.5
 

1.
 5

+
0

.6
 

11
:0

 
9

.7
!_

0
.6

 
15

.2
+

1
.2

 

1
1:

 1
n

9
 

21
.1

,.
6

 
31

 .
•
 +2

 .
•
 

11
: 2

n
6 

6
.6

+
0

.2
 

7
.1

+
0

.I
 

20
:0

 
N

O
C

 
N

D
 

20
:J

n9
 

0
.9

+0
.1

1 
1

.1
+

0
.5

 

20
:l

n
6

 
0

.9
+

0
.2

 
0

.9
!0

·•
 

20
:-

.6
 

2
3

.2
!1

.I
 

1
.1

1!
1.

 1
 

2
2

:0
 

N
D

 
N

D
 

22
: 5

n
3

 
2

. 3
!0

. 3
 

0
.2

+0
.1

 

22
:6

n
3

 
3

.1
!_

0.
6 

0
.6

!0
.1

1 

2
,:

0 
T

ra
c
e
 

0
.6

+0
.2

 

2
•:

 1
n

9
 

7
.2

!_
0

.1
 

3
.3

+
0

.6
 

a 
F

iv
e 

su
b

je
c
ts

 
in

 e
ac

h
 g

ro
u

p
 

b 
M

u
n

+
 S

E
M

 
C

 
N

D
: 

"N
ot

 d
et

er
m

in
ed

 

P
h

o
se

!t
i~

ls
e
ri

n
e
 

ro
u

p
 

II 
P

h
o

sp
h

a
ti

~
c
h

o
li

n
e
 

ro
u

p
ll

 
N

o
rm

al
s 

B
u

rn
s 

N
o

rm
al

s 
B

u
rn

s 
g

/1
0

0
 g

 

6
.5

•1
.•

 
10

.•
•2

.o
 

31
.1

!1
.1

 
36

. 7
+

1
.6

 

o
.,

•
0

.2
 

0
.1

,
.,

 
1

.3
+

0
.6

 
2

.,
+

0
.5

 

39
. 9

!3
.0

 
"
'·

••
2

.7
 

13
.6

•1
. •

 
13

.3
+1

.0
 

11
.6

+1
.1

 
19

.2
!1

.1
 

2
2

.1
!1

.9
 

21
 .•

 +2
.0

 

5
. 5

+
3

. 1
 

II
. 1

+0
.9

 
11

.0
+

0
.9

 
12

.3
+

0
.9

 

N
D

 
N

D
 

N
O

 
N

D
 

1
.1

,.
2 

2
.0

+
0

.7
 

1.
 O

+O
. 1

 
0

.9
+

0 
.•

 

2
.1

1+
0.

2 
1

.1
+

0
 .•

 
1

. 9
+

0
. f

l 
0

.1
+

0
.1

 

21
.6

+
2

.9
 

10
.7

+
2

.0
 

5
.0

+
0

.5
 

1
.1

,.
1 

N
D

 
N

D
 

N
D

 
N

D
 

1
.1

,.
3 

T
ra

c
e
 

T
ra

c
e
 

11
.0

+
0

.5
 

0
.6

,.
2

 
0

.1
,.

1
 

T
ra

c
e
 

0
.7

+0
.5

 
1

.1
+1

.1
1 

1
. 5

+
0 

.•
 

1
.6

+
0

.1
 

3
. 1,. 

3 
1

. 7
!1

.0
 

1
.,

+
0

.2
 

1
.0

+
0

.2
 

S
p

h
in

g
o

m
y

el
ln

 
i'!

ro
up

 I
I 

N
or

m
11

ls
 

B
u

m
s 

29
 .

• 
+3

.7
 

-
9

.7
+0

.6
 

2
.9

+
0

.5
 

0
.3

+
0

.2
 

1
.5

+
0

.•
 

9
. 1

+0
. 7

 

20
. 1

+1
. 5

 

25
.9

!2
-9

 

27
.9

+
2

.9
 

-
10

.2
+

0
.5

 

2
.1

!_
0

.I
 

1.
6+

1
.5

 

1
.1

,.
1 

9
.1

,.
9 

2
1

.9
+

3
.9

 

2
2

.1
+

2
.3

 

N
 

l.
,J

 
I \0

 



23-10 

Table S that there are no consistent differences between these groups in the 

fatty acid compositions of plasma phospholipids, triglycerides, and cholesteryl 

esters. For example, while two patients had reduced levels of plasma lino

leate, the others had normal or somewhat elevated quantities. At the same time, 

however, minimal fluctuations in arachidonate and n3 unsaturated acids were 

noted. The appearance of 20: 3n9 was observed in the plasma phospholipid 

fractions of three of the four burn patients studi ed. 

DISCUSSION 

Analysis of the phospholipid and phospholipid fatty acid composition of 

erythrocytes from individuals with extensive thermal trauma has revealed 

marked differences between certain burn pati ents and normal subjects. The 

red cells of nine patients (Group I) appeared normal in all respects, and agreed 

closely with phospholipid and phospholipid fa tty acid compositions reported by 

others (Ways P, Hanahan DJ. J. Lipid Res. 5: 318, 196410; Dodge JT . Phillips 

GB. J. Lipid Res . 8: 667, 196713). Yet. the rythrocyte membranes of five 

other burn patients with apparently equally severe injuries were characterized 

by reduced levels of phosphatidyl thanolamine and phosphatidylserine. a 

general decline in membrane lipid phosphorus. and fatty acid patterns entirely 

consistent with essential fatty acid defi ci ncy. That is to say, significant re

ductions in the acids of the linoleate series (18 : 2n6 and 20 : 4n6) and the lino

lenate series (22: Sn3 a11d 22 : 6n3) were observed. These multiple polyunsatur

ated fatty acid alterations were reflected in three of the four major phospholipid 

classes, namely, phosphatidylethanolamine, phosphatidylserine. and phos

phatidylcholine. Only sphingomyelin remained unchanged, both in absolute 

quantity within the erythrocyte membrane and in its fatty acid composition. 

Those factors which predispose selected burn patients to these gross 

red·cell lipid a~normalities remain obscure. While age and the extent of in

jury in this group of 14 individuals appear to have no bearing on these find

ings, a more meaningful criterion might possibly be the overall metabolic 

state of the patient. The hypercatabolic response that accompanies burn 

trauma has been well documented (Soroff HS, Pearson E, Arney GK, Artz CP. 

In Research in Burns. C.P. Artz (ed). Amer. Institute Biol. Sci. Washington, 

DC, 1962, pp. 126-136) 14, and the energy requirement of 3000 to 8000 kilo-
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Table 5 . Fatty Acid Composition of Major PIHma Lipids 

Lipid Fatty Normals Cro~ 11 Burns - Patient Nr. 
Class Acid lo II g/100 gh Ii 

Phosphollpl ds .. 
16:0 30 .0 2 .6 • 26 .6 26.0 29.7 

16: 1n7 0.6 2. :i ' 1. 9 O.ll 1. ,. 

11: 0 16 .0 1, . 2 , 16 . II 11. 1 15.6 -11:1n9 12.] 16 ,? 16.5 9 . 7 15.11 

11: 2n6 22 .1 16.9 15.0 25 .9 20 . 7 

.20: ln9 1.1 " · 2 1. 1 

20: ln6 2.6 II . 7 2. 1 3. 5 2.1 

20: lln6 9.6 9.5 1. 2 9 . 5 1. i 
22:5nl 0.6 0 . 11 0. 9 0.1 
22 : 6nl 2.0 1. 5 2. 1 1. 7 2.2 

21l:O 1. II 0.5 2. 1 3. 9 1. 1 
21l : 1n9 2.2 2.1 3. 9 1. 9 2.1 

Triglycerides 

11l: 0 1. 2 1. Z- 2. 1 II . II 0.6 
16: 0 25 .. 1 27 . 5 27 . 1 17 . ll 25 . 1 
16: Jn7 5.2 6. 3 6.0 II. 2 3.1 

11: 0 11.9 5.0 5. 2 11.0 1.9 

11: 1n9 .0.6 50.11 117 . 2 26 . 11 50 .2 

11: 2n6 22.1 7.5 1 . 6 32 .I 13. 7 
11: la 1.1 

20: lln6 1. 2 1. 2 2. 1 1.1 ll .6 
Cholesteryl Esters 

16: 0 10. ll 13 . 11 15. 1 7. 1 I . 1 
16: 1n7 3.6 12 . 1 1. 2 2.3 3.1 
11: 0 2.9 2.6 6.6 5.1 0.3 
11: 1n9 19 . 5 30.6 23.9 12 .5 22 .1 
11: 2n6 53.9 lll . l 36.6 59.7 56 . 2 
11: la 3.2 5.0 0.9 
20: lln6 9.6 6. 5 6.3 7.6 1.0 

a Tentative Identification 
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calories per day can usually be met by combined oral and parenteral feed

ing (Wilmore DW, Curreri PW, Spitzer KW, Spitzer ME, Pruitt BA, Jr.Surg. 

Gynec. Obstet. 132: 881, 1971) 
15

. If, however, for some reason a functional 

energy deficit persists, the individual will no doubt begin to draw from his 

own body's store of metabolic energy. Fat deposits are a primary source of 

sucti calories, and in the absence of adequate replacement, more rapid 

mobi Ii zation and uti Ii zation would necessarily deplete the essential fatty acids. 

On the other hand, one may argue that the essential fatty acids somehow be

come unavailable to systems with high cell turnover. It is interesting to 

speculate that in our patients with major red cell lipid variations, these 

changes may represent a specific example of widespread essential fat deficiency. 

Indeed, Farquhar and Ahrens (Farquhar JW, Ahrens EH, Jr . J . Clin. Invest. 

42 : 675, 1963) 16 reported equilibration between dietary fat and erythrocyte 

fatty acids in normal subjects within 4 to 6 weeks, and Hill, et al (Hill JG, 

Kuksis A, Beveridge JMR. J. Amer. Oil Chem . Soc. 42 : 137, 1965) 17 noted 

significant changes in the fatty acid composition of phospha!idylcholine and 

phosphatidylserine fractions of red cell lipid after only 16 days of controlled 

fat feeding . The elevated metabolic rate of burn patients and the absence of 

fat in the diet would insure an even more dramatic reflection by red eel Is of 

total body fatty acid composition. Consistent with this hypothesis is our 

finding that essential fat deficient burn patients who receive intravenous 

infusions of a soybean lipid emulsion rich in polyunsaturated fatty acids 

rapidly exhibit normal red cell lipid patterns. 

Plasma lipid fractions fai I to undergo as pronounced a change in fatty 

acid composition as do the red cell phospholipids. This may reflect ifferent 

turnover rates for these various species, as well as variations in the incor

poration of plasma lipids into many diverse lipoprotein classes . Reed (Reed 

CF. J. Clin. Invest. 47 : 749, 1968) 18 has argued that the exch n e of phos

pholipids between plasma and red cells is confined primarily to phospha

tidylcholine. It is highly significant that the essential fat deficient burn 

pati':!nts have normal levels of this lipid in their red cell membranes; further

more, the quantity of polyunsaturated fatty acid in phosphatidylcholine is 
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considerably lower than in both phosphatidylethanolamine and phosphatidyl

serine. In addition, none of the patients studied in this survey had skin 

lesions so often characteristic of essential fat deprivation in infants (Hansen 

AE, Wiese HF, Boelsche AN, Haggard ME, Adam DJD, Davis H. Pediatrics 

31: 171, 1963) 19 and some adults (Collins FD, Sinclair AJ, Royle JP, Coats 

DA, Maynard AT, Leonard RF . Nutr. Metab. 13: 150, 1971) 20 . Nevertheless, 

the observation of significant levels of 20: 3n9 in certain plasma lipids is con

sistent with the classic description of essential fatty acid deficiency (Hansen 

AE, Wiese HF, Boelsche AN, Haggard ME, Adam DJD , Davis H . Pediatrics 
19 31: 171, 1963) . 

Our observations of altered phospholipid and fatty acid composition of 

the red cell membrane are similar to those described for a variety of other 

erythrocyte disorders. Neerhout (Neerhout RC. Clin . Pediat. 7:451, 1968) 21 

in reviewing abnormalities of the red cell, observed that reduced linoleate 

levels were associated with the fol lowing diseases : hereditary spherocytosis , 

el liptocytosis, certain acquired hemolytic anemias, and acanthocytos i s . It 

has been stressed, however, that both extracellular factors, such as the 

lipid ma.labsorption aspect of acanthocytosis, and intracellular factors , such 

as defective transfer of fatty acids between phosphatidylcholine and phospha

tidlyet' anolamine in a particular hemolytic anemia, contribute to these general 

lipid imbalances (Shohet S . New Eng. J . Med . 286 : 577 -583; 638-644, 1972) 22 . 

Acanthocytosis manifests itself with moderate decreases in red cell 

membrane lipid phosphorus, slight increases in sphingomyelin and phospha

tidylserine, and a marked reduction in phosphatidylcholine (Ways P, Reed 

CF, Hanahan DJ. J . Clin. Invest . 42 : 1248, 196i3; Phillips GB, Dodge JT . 

J. Lab. Clin . Med. 71 : 629, 1968
24

). The overall fatty acid composition is 

described as one of essential fatty acid deficiency, compensated by increases 

in certain mono- and polyunsaturated fatty acids of the n9 series . In contrast 

to our findings of decreased levels of linoleate, arachidonate and docosahexae

noate in burn patients, essential fat reduction in acanthocytic red cells is 

restricted to linoleate; indeed, the quantity of arachidonate is somewhat ele

vated (Phillips GB, Dodge JT . J. Lab. Clin. Med . 71 : 629, 1968) 24 Most 
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probably. this distribution reflects the altered phospholipid composition des

cribed above. On the other hand, hereditary spherocytic cells have a normal 

phospholipid composition with moderately reduced IP.vels of membrane lino

leate but, as in acathocytosis, the level of arachidonate remains undiminished 

(DeGier J. van Deenen LLM. Ver loop MC. van Gastel C. Brit. J . Haemal. 10 : 

246, 1964) 25 . The fatty acid compositions of hereditary spherocyte phospho

lipids have recently been confirmed; analysis for fatly acids containing 22 

and 24 carbons indicated a virtual absence of those species. both saturated 

and unsaturated, in all phospholipid classes except phosphatidylethanolamine 

(Kuiper PJC, Livne A. Biochim . Biophys. Acta 260: 755, 1972)
26

. In com

paring the red cell lipid abnormalities of these congenital diseases with those 

induced by thermal injury. it is apparent that essential fatty acid deficiency 

of selected burn patients is considerably more widespread, extending to all 

polyunsaturated fatty acids of the n6 and n3 series. 

Other areas of comparison between the above clinical states and that 

resulting from burn trauma are physiological and biochemical modifications 

of the red cell memb ,·ane. Both acanthocytes and hereditary spherocytes dis

play distinct and unique morphologies (Neerhout RC. Clin. Pediat. 7: 451, 

1968) 
21 

not markedly different from those obs~rved, to a much lesser extent, 

by Baar and Arrowsmith in thermally damaged red cells (Baar S, Arrowsmith 

DJ. J . Clin. Path. 23 : 572. 1970) 
6

. Enhanced osmotic fragi lily is a well-de

fined characteristic of hereditary spherocytosis (Neerhout RC. Clin. Pediat. 

7: 451 : 1968)
21 

and early postburn thermal trauma (Shen SC, Ham TH. Fleming 

EH. New Eng . .J . Med. 229: 701, 1943) 1. The red cells from burn patients 

are distinguished by supranormal sodium concentrations (lantsberg LA. Fed. 

Proc. 23:T515, 1964
4

; Curreri PW, Wilmore DW, Mason AD, Jr, Newsome TW, 

Asch MJ, Pruitt BA. Jr. J. Trauma 11 : 390, 1971 5); on the other hand, heredi 

tary spherocytes exhibit elevated cation fluxes in order to maintain normal 

electrolyte gradients (Jacob H. Karnovsky ML . J. Clin. Invest. 46 : 173, 1967) 27 

and acanthocytes display no alterations in cation permeability (Hoffman JF . 

Circulation 26 : 1201. 1962) 
28

. Interestingly, Jacob and Karnovsky (Jacob H. 

Karnovsky ·.ML . J . Clin. Invest. 46 : 173, 1967) 
27 

correlated their observed 
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increase in sodium flux in hereditary spherocytes with increased turnover of 

phosphatidylserine in the red cell membrane. A direct correlation between 

the specific lipid alterations described in the present communication and func

tional changes in the red cell membrane is currently under investigation. 
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Single unit infusions of a 10% soy bean emulsion (lntralipid)R 
were evaluated in convalescing man and hypermetabolic thermally-injured 
patients. No significant thermogenic responses to the emulsions oc
curred in either group. Vital signs, CBC, and liver function studies 
remained unchanged. Fat clearance c~rvcs demonstrated an accelerated 
~lasma disappearance of the emulsion in the acutely burned patients. 

33xenon perfusion-diffusion studies were normal, and pulmonary dif
fusion c,tpacity, using the carbon 111onoxide rebreathing technique, was 
also normal following the infusion. Blood gas levels did not change 
following infusion of single or multiple units of lntralipid.R 

An essential fatty acid deficiency of the red cell membrane was 
identified in five patients, with a marked decrease in linoleate, 
arachidonlc, decosahexanoic acids, all members of the polyunsaturated 
fatty acid series which cannot be synthesized de novo. All patients 
had extensive burns, and most were on long term, fat free, parenteral 
diets before this essential fatty acid deficiency occurred. lnfusi'ng 
quantities of soy bean emulsion high in polyunsaturated fatty acids 
corrected the fatty acid deficiency in the red cell membranes. Admin
istering an isocalorlc fat-free diet to an individual for two months 
resulted In weight gain and wound healing but failed to correct the 
compositional fatty acid deficiency. Thus, the fatty acid deficiency 
in red cell membranes appears to be a combination of the stress of 
thermal injury and nutritional inadequacies, and can be successfully 
treated by the inclusion of polyunsaturated fatty acids In the diet. 
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Fina11y, fat emulsion was administered, a1ong with other caloric 
support, to 10 critica11y injured individuals. The fat appeared to 
be utilized without complication, and the fat emulsion contributed 38% 
of the tota1 caloric intake in this group of patients. The nitrogen 
and caloric support of these patients resulted in protein sparing in 
a11, as manifested by varying degrees of nitrogen retention related to 
both extent of injury and the degree of nutritional support. The 
availability of this emulsion as an isotonic, high caloric, noncarbo
hydrate, energy source increases the f1exibi1ity of the surgeon's 
armamentarium for nutritional support in the severely injured patient. 

Intravenous fat emulsion 
Parenteral nutrition 
lntralipidR 
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THE SAFETY AND EFFICACY OF PARENTERAL FAT EMULSION IN 
THERMALLY INJURED PATIENTS 

Extensive weight loss and nitrogen depletion characterizes the 
post-traumatic metabolic response following severe thermal Injury. 
Vigorous nutritional support using en teral or combined enteral-paren
teral feedings during this catabollc phase of trauma reduces body 
wasting and often produces caloric equilibrium and weight stabiliza
tion (Wilmore OW, Curreri PW, SpltAer KW, Spitzer HE, Pruitt BA Jr, 
Surg Gynec Obstet 132:881, 1971).1 The com~licatlons of sepsis 
(Ashcraft KW, Leape LL, JAMA 212:454, 1970), hyperglycemia, non
ketotic hyperosmotlc coma (Wyrick WJ Jr, Rea WJ, McClelland RN, JAMA 
211:1697, 1970) ,21 and central venous thrombosis (Warden GD, Wilmore 
OW, Pruitt BA Jr, In press, J Trauma)15 which have been related to the 
use of hypertonic nutritional solutions in severely ill patients limit 
the use of recently developed techniques of parenteral feedings in 
patients with major injury. Fat emulsions which are isotoni c and con
tain 1-2 calories/ml may be administered by a peripheral vein, in 
order to avoid many of the hazards associated with central venous in
fusion of hypertonic dextrose solu t ions. The purpose of this study 
was to de t ermine the safety and effi cacy of a 10% soy bean oil emul
sion, lntrallpld,R as an essential nutrient and caloric source in 
the1mally injured patients. 

METHOD AND MATERIALS 

Acute Toxicity Studies 

Single 500 ml units of 10% soy bean emulsion were administered to 
15 healed, convalescing controls and 12 hypermetabolic thermally 
Injured patients. After eight hours of fasting, the emulsion was in
fused at a constant rate over a four-hour period by way of a forearm 
vein. Baseline body temperature, pulse rate, blood pressure, and 
respiratory rate were recorded prior to the infusion and then serially 
each hour for the next 12 hours. Fat clearance from the blood was 
determined by measuring plasma spectrophotometric optical density at 
700 n,i before Infusion and 4, 8, and 24 hours postinfusion . . Complete 
blood count, total serum proteins, albumin, alkaline phosphatase, SGOT, 
total bi llrubln and direct fraction were determined before infusion and 
24 hours following administration of the single unit of fat. 

Eight patients with normal cardiorespiratory function were given 
an Intravenous bolus of l33xenon gas dissolved in saline, and serial 
pulmonary perfusion-diffusion scans made with a scintillation counter. 
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The overall characteristics of the lung fields were determined by 
serial anterior-posterior sclntlgrams and the clearance rate of the 
gas was studied by measuring disappearance rates of the Isotope from 
the lung fields (Loken HK, Hedlna JR, Llllehei PJ, L'Heureux P, Kush 
GS, Eber.t RV, Radiology 93:1261, 1969),9 Following the baseline xenon 
study, a 500 ml unit of 10% soy bean emulsion was administered, and, 
at the end of the four-hour Infusion, a repeat 133xenon lung scan was 
performed. 

Pulmonary diffusion capacity was determined in duplicate In five 
convalescing patients following a 12-hour fast. Before starting with 
the Infusion, duplicate measurements of diffusion capacity were made 
with the subjects sitting In the upright position, using a standard 
carbon monoxide rebreathlng technique (Lewis BH, Lin T-H, Noe FE, 
Hayford-Welslng EJ, J Clin Invest 38:2073, 1959),8 One unit (500 ml) 
of 10% fat emulsion was administered over a four-hour period and the 
diffusion capacity was again determined at the end of the Infusion and 
four hours postlnfusion, using the same rebreathlng technique. 

Single or multiple units of intravenous fat were administered to 
20 additional severely burned Individuals requiring supplemental or 
total parenteral nutrition. Arterial blood was drawn at the start of 
the infusion and analyzed for pH, pC02 , and p02, 

Red Cell Phospholipid Studies 

Heparlnlzed blood was drawn from 13 bum patients, two individuals 
with chronic enterocutaneous flstulae receiving prolonged fat-free 
intravenous feedings, and five age-matched normal subjects. Total 
lipid extraction from red cells and ser1111 was performed with chloroform 
and methanol, according to the procedures of Ways and Hanihan (Ways P, 
Hanahan DJ, J Lipid Res 5:318, 1964),16 Red cell phospholipids were 
separated by thin-layer chromatography, using silicate gel H; plasma 
lipids were Isolated by thin-layer chromatography using sll icate gel G. 
The method of Dodge and Phillips was followed for fattz acid analysis 
(Dodge JT, Phillips GD, J Lipid esearch 8:667, 1967), and final iden
tification of the various fatty acids was by comparison with conwner
clally available standards, cod-liver oil, fatty acid methylesters, 
and published chromatograms. 

With the Identification of fatty acid deficiency, the 10% fat 
emulsion was administered to two patients In whom enteral dietary 
support was Inadequate or Impossible. An oral diet, supplemented with 
polyunsaturated fatty acids, was used In the third Individual, and a 
parenteral fat-free diet (hypertonic dextrose, protein hydrolysate, 
minerals, and vitamins) was continued in two patients. Serum and red 
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cell fatty acid analysis was continued periodically during this sup
portive dietary therapy. 

Long Term Studies 

Intravenous fat emulsion was administered 5-46 days to 10 hyper
metabolic burn patients who required extensive energy support because 
of associated Injuries or complications following thermal injury 
(Table I). In six Individuals, the fat emulsion was administered along 
with other parenteral nutrients to supplement enteral feedings, but In 
the remaining four patients, fat emulsion was given In combination with 
dextrose and protein hydrolysate as total parenteral nutrition. The 
emulsion was administered through a Y-connector, infused simultaneously 
with a solution containing 5-15% dextrose, 4-5% protein hydrolysate, 
electrolytes, vitamins and minerals. Central venous cannulae were used 
for administration of the more hypertonlc solutions but peripheral 
venous routes were frequently used to administer dextrose and amino 
acid solution contalniog less than 14% solute concentration. All urine 
was collected in 24-hour pools and analyzed for sodium, potassium, 
chloride, creatlnlne, urinary urea nitrogen, glucose, and total nitro
gen. Douglas bag collections of expired gas were performed on selected 
patients to determine daily metabolic rates and allow calculation of 
metabolic fuel oxidation. Blood was drawn daily or when clinically 
indicated to determine blood count, serum electrolyt es, glucose, blood 
urea nitrogen, blood gas pressure, liver and renal f nctlo studies. 

RESULTS 

No significant thermogenlc response to the intravenous fat emul
sion occurred in the group of control or burn patients. Pulse rate, 
respiratory rate, blood pressure, and body temperature remained normal 
in the control group of patients. Complete blood count and liver func
tion studies were unchanged before and after infusion of one unit of 
Intravenous fat (Table 2). Fat cl Parance curves demonstrated accel
erated plasma disappearance rate 0 1 the emulsion in the acutely burned 
patients when compared with the resting controls (Fig. I). 13Jxenon 
perfusion-diffusion scans remained normal following the administration 
of the fat erm.ilsion in the eight patients studied, No change in the 
distribution or rate of clearance of the xenon from the lung fields 
was noted (Fig. 2). 

Pulmonary diffusion capacity measured by carbon monoxide re
breathing technique demonstrated no alterations In the five patients 
studied (Table 3), Blood gas measurements carried out In 20 patients 
were unchanged following the Infusion of I gm/kg, 2 gm/kg, and 3 gm/kg 
body weight (Table 4). There was no evidence of cyanosls or respira
tory Insufficiency associated with the fat infusion. 
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CLEARANCE OF 5OOml. lNTRALIPID FOLLOWING 4hr. INFUSION 

4 

0 
0 4 hrs. 

Pr•infusion 
8hr1. 
Poslinfusion 

~on, 12 Heollhy Men 

Meon, 11 Acute Burns 

24 hrs. 

Figure I. Clearance of 500 ml 10% soy bean emulsion from the 
blood stream following a four-hour Infusion (from Oto four hours). 
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Figure 2. No alteration in clearance of l33xenon was demonstrated 
when comparing total tung or regional isotope disappearance curves 
obtained before (top) and immediately following fat infusion (bottom). 
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Analysis of the total phospholipid distribution in the red cell 
revealed that the burn patients fell into two distinct categories, 
those with normal phosphol ipid patterns and those with marked phospho
lipid alterations. Eight burn patients (mean age 33.8, burn size 
41.1 %, 28.4% full-thickness injury) had normal levels of red cell 
membrane phosphorus and normal distribution of phospholipids among the 
four major lipid classes (Table 5). On the other hand, five burn pa
tients (mean age 29.2, burn size 45.6%, 23.7% third degree) revealed 
a marked reduction of red cell lipid phosphorus. Among the individual 
phospholipids, there was a relative increase in phosphatidylcholine and 
sphingomyel in, and a relative decrease in phosphatidylethanolamine. 
When calculated in terms of absolute changes, with the overall decrease 
of membrane phosphorus taken into consideration, these alterations of 
lipid classes corresponded to an absolute reduction of phosphatidyl
ethanolamine (38% of normal), and phosphatidylserine (64% of normal). 
On this weight basis, phosphatidylcholine and sphingomyel in levels re
mained normal. 

An analysis of the fatty acids derived from the total phospholipid 
extracts of the red cell revealed only minimal differences between nor
mal red cells and those samples taken from the first grou p of burn pa
tients (Table 6). However, measurement of fatty acid distribution in 
the deficient burn patients revealed a pronounced decrease in all poly
unsaturated species. The most dramatic changes inclu~e a 70% decrease 
in the acachidonate (20:4n6), an 88% decrease in decosahexanoate 
(22:6n3), and a 36% decrease in linoleate (18:2n6). * Concurrently, 
there was a substantial increase in the saturated acids, notably 16:0, 
18:1n9, 24:0, 24:1n9. When the relative changes of fatty acids were 
converted from a weight distribution to molar distribution, then 
grouped according to structural similarities, the difference b~tween 
the normal and deficient red cells was more clearly defined (Table 7). 
Specifically, decrease in all members of the n6 and n3 series, and an 
increase in all members of the n9 and saturated series, lead to a 
marked shift in th~ ratio of saturated to unsaturated fatty acids 
within the red cell membrane of the phospholipid deficient burn pa
tients. 

Isolation of the individual phospholipids by thin-layer chroma
tography, and interaction and quantification of the fatty acid composi
tion of the Individual components, demonstrated that sphingomyelin, with 
its high proportion of saturated and long chain fatty ~cids, was 

*The nomenclature for fatty acids is as follows : arachldonic acid, 
20:4n6, where 20 Is the total number of carbon atoms, 4 Is the number 
of methylene-bridged els double bonds, and n6 is the position of t he 
double bond nearest thetermlnal methyl group. 
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TABLE 7. Molar Fatty Acid Diatribution of Red Cell Phospholipids 

from Normal and Burned Subjects 

Burn Patients 
Nonnal 

Subjects 
Group I Group [I 

Saturated fatty acids 

Palmitate (16) 28.5 27,8 35.3 

Stearate (18) 16.9 16.7 17.4 

Lignocerate (24) 4.4 4,0 6.7 

Total 49.8 48.5 59.4 

Unsaturated fatty acids 

Oleate series ( n9) 

Oleate ( 18) 16.8 18.6 21.6 

Nervonate (24) 4.4 6. l 7.1 

Total 21.2 24. 7 28 .7 

Linoleate series (n6) 

Linoleate (18) 9.7 9. 4 6.2 

Arachidonate (20) 15.8 12.9 3.6 

Total 25. 5 22.3 9.8 

Linolenate series (nJ) 

Decoaahexanoate (22) 2.7 2.2 0.4 

Total unsaturated, including 

Palmitoleate (16:ln7) 50. 3 51.6 40.5 

Ratio (saturated/unsaturated) 0.99 0,94 1.47 
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unaffected by the nutritional and thermal stress. However, phospha
tidylethanolamine and phosphatidylserine were the major subcategories 
demonstrating the quantitative decrease in polyunsaturated fatty acid 
similar to the alterations observed with the combined phospholipid 
analysis. Evaluation of the plasma lipid classes, carried out to 
determine how widespread the fatty acid alterations occurred following 
thermal injuries, revealed no consistent difference in the fatty acid 
composition of the plasma phospholipids, triglycerides, or cholesterol 
esters. Two patients had a reduced level of plasma linoleate, but the 
others had normal or somewhat reduced quantities. At the same time, 
minimal fluctuations of arachidonic and n3 saturated and unsaturated 
acids were found. The appearance of 5-8-11 eicosatrienoate (20:3n9), 
which is absent in normal man, was observed in the plasma phospholipid 
fraction of three of the four deficient patients studied. 

Studies of two patient~ with chronic enterocutaneous fistulas, 
with normal metabolic rates, who received fat-free parenteral diets 
for more than a month revealed no significant alterations in the mem
brane phospholipid fatty acid (Table 6). Evaluation of one of these 
patients after six months of fat-free feeding demonstrated only a 
depressed level of linoleate with a normal distribution of arachidonate 
and decosahexanoate (Fig. 3). 

Polyunsaturated fatty acids (the n6 and n3 fatty acid species) 
cannot be synthesized de novo in man, and therefore must be acquired by 
dietary intake. The soy bean 1 ipid emulsion was used for replacement 
therapy in two patients, an oral diet supplemented with high quantities 
of polyunsaturated fats was used to treat one individual, and a fat
free parenteral diet was continued in two patients. 

Following the dministration of 10% soy bean emulsion, fatty acid 
imbalances were gr ually corrected to normal levels. For example, 
patient 1 received 50 , -oo ml, units of lntralipidR over a 34-day per
iod and patient 2 received 67 un'ts over a 63 day interval. In the 
first individual, there was marked improvement of red cell polyun
saturated fatty acids ~fter only two weeks of fat therapy (Fig. 4), and, 
simultaneously, palmitate and other saturated fatty acids were reduced 
to a normal level. Patient 2, on the other hand, progressed more 
gradually to a normal fatty acid distribution when placed on the intra
venous fat feedings (Fig. 5). An essentially normal pattern was found 
on day 260, about 60 days following the on set of lipid infusion. One 
patient corrected his fatty acid red cell abnormalities following ad
dition of polyunsaturated fats to his diet and the other two pati ent s 
received hypercaloric f at-free feedings administered by central venous 
catheter (Table 6). After 68 days, no improvement in erythrocyte 
fatty acid deficiency was noticed in one individual despite his rela
tive improvement in terms of wound healing and gain in body weight, but 
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the second patient died from infection and hemolysls before fat could 
be obtained for administration. Only transient alterations in serum 
fatty acid levels occurred following the lntrallpldR therapy. 

Two hundred and twenty-two liters of the 10% intravenous fat emul
sion were administered to 10 patients with large burns (average burn 
size 44% total body surface, 27.9 average per cent third degree burn) 
and associated injuries or complications secondary to their extensive 
thermal injuries. The emulsion was administered fran five to 46 days 
(mean length of therapy 16.1 days). Although the average dose of the 
fat emulsion administered did not exceed 3.3 gm/kg/body weight per 
24 hours, dally variations occurred and several patients received as 
much as 2.5 liters of emulsion per day, or a dose of fat equal to 
5 gm/kg/body weight per day. No untoward effects could be specifically 
related to the emulsion in this group of critically ill patients, al-

. though a transient plasma llpemia existed while the infusions were in 
progress. No febrile response was related to the emulsion, and no 
alterations in liver, renal, or pulmonary function were associated 
with the doses given to this group of patients. Four of these 10 
individuals died, and autopsies obtained in all patients revealed no 
excess accumulation of fat in liver, lung, or other body tissues. 

The average daily caloric intake in the 10 patients studied was 
3,770 kcl/day, and 19.2 gm nitrogen/day, with the fat emulsion con
tributing an average of 38% of the total calories received by these 
patients (Table 8). Nitrogen retention, determined by comparing 
nitrogen Intake with urinary nitrogen loss, indicated positive nitrogen 
balance in four individuals (patients 2, 3, 6, and 10), nitrogen equi
librium in three patients (patients 4, 5, and 8), and diminution of the 
post-traumatic net nitrogen loss in the remaining three individuals. 
Moreover, vigorous caloric support contributed to stabilization of 
body weight or actual weight gain, and a good correlation existed be
tween weight change and positive caloric balance. 

DISCUSSION 

lntrallpld,R the fat emulsion studied, contains soy bean oil, egg 
yolk-phosphatlde, and glycerol as a 10% emulsion which provides 1,100 
calories per liter. The particles are similar to natural1y occurring 
emulsions (such as chyle), and their average diameter of 0. 13pn is 
similar to that of chylomicrons (diameter of 0,096-0.21 ).ITI) (Wretllnd 
A: Nutr Hetab 14 (Supp 1), 1972).19 The emulsion is isotonic with 
body fluids and hence may be infused by peripheral vein, and, because 
of Its relatively solute-free nature, provides a s0urce of additional 
free water to the patient. 
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Early complications have been reported with other fat emulsions, 
including fever, dyspnea, cyanosls, flushing, nausea, vomiting, head
ache, and Jaundice. Hyperlipemia, alterations in blood coagulation, 
liver dysfunction, anemia, and deposition of intravenous fat were late 
complications associated with the use of other fat emulsions (Wretlind 
A: The pharmacological basis for the use of fat emulsion in intra
venous nutrition. Acta Chir Scand (Supplement) 325:31, 1962). 20 In 
this study, the emulsion tested did not demonstrate discernible thermo
genie reactions, with units taken from 10 different manufacturing 
batches. Complete blood counts and indices of liver function were un
changed following a one-unit infusion, and critically 111 patients 
given multiple-unit infusions did not demonstrate abnormalities that 
could be directly related to the emulsion. A report of dyspnea and 
cyanosls, associated with the administration of fat emulsions (Greene 
H, Hazlett D, Demarre R, Dremesi J: Effect of intraliptdR on pulmon
ary function in normal humans and on electron microscopy of rabbit 
lung and liver. Prgsented at the International Congress of Nutrition, 
Hexici City, 1972), prompted our assessment of the effect of Intra
lipid on cardiopulmonary function. These studies demonstrated no 
change in xenon perfusion-diffusion scans or clearance of the isotope 
from the lung fields after a single unit of fat emulsion. Pulmonary 
diffusion capacity was unaltered In the five individuals studied, and 
no changes in blood gas values have been dett~ted after administration 
of single or multiple units of the fat emulsion. 

Prior to wound coverage, the hypermetabolic burn patient demon
strated increased clearance of the intravenous soy bean emulsion from 
the blood stream. Fat clearance, depe ndent on concentrations of lipo
protein lipase, is increased following starvation and stress, and may 
be further accelerated by heparin or insulin. In control adult sub
jects following an overnight fast, clearance rates have been esti
mated at 3,8 gm fat/kg/body weight per 24 hours (Wretlind A: Complete 
Intravenous nutrition. Nutr Hetab 14 (Supp I), 1972). 19 While clear
ances cannot be directly equated with fat utilization, previous studies 
have demonstrated favorable weight gains and nitrogen retention to the 
administration of Intravenous fat emulsions in animals and man. There 
is a shift In respiratory quotient toward that of fat oxidation fol
lowing the administration of the soy bean emulsion, suggesting utiliza
tion of the fat (Geyer RP: Parenteral emulsions--forffl.llation, prepara
tion, and use In animals. In Parenteral Nutrition, edited by Meng HC, 
and Law OH, Springfield, Charles C. Thomas, 1970, p 339) .5 Hlstologic 
examination of specimens from our patients showed no lipid accumulatio1 · 
in tissue. Of the series of 10 patients receiving long-term infusion, 
four died (patients 4, 7, 8, 10), and no abnormalities of fat distri
bution or llpid accumulation ~re found. Because the hypermetabollc 
response to thermal injury provides a neu roendocrine environment fa
voring trlglyercide and fatty acid mobilization and utilization (Carson 
LA, Liljedahl SO: Lipid metabolism and trauma. Acta Chlr s~and 137: 
123, 1971) ,2 the emulsion apparently equilibrates with available body 
lipid for utilization or storage as a basic fuel substrate. 
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Essential fatty acid deficiency occurred in five of the 13 burn 
patients studied, with a marked decrease in linoleate, arachidonic, 
and decosahexanoic acids (polyunsaturated fatty acids which cannot be 
synthesized by the body and hence must be replaced by dietary fat). 
Although it has been stated that the diet should include approxi
mately 4% of the nonproteln calories as polyunsaturated fat (Collins 
FD, Sinclain AJ, Royle JP, Coats DA, Maynard AT, Leonard RF, Nutr 
Metab 13:150, 1971) ,3 essential fatty acid deficiencies seldom occur 
in man, as demonstrated by our two patients with enterocutaneous 
fistulas, who received fat-free diets for four and seven months with 
only minor alterations In plasma and red cell polyunsaturated fatty 
acids. However, the stress of injury in addition to inadequate die
tary fat appears to result in a deficiency state, which can also be 
produced in the stressed young animal or gr<Ming Infant receiving 
fat-free feedings (Paulsrud JR, Pensler L, ~hitten CF, Stewart S, 
Holman RT, Amer J Clin Nutr 25:897, 1972). 1 Following major injury, 
the increased energy demands result in increased mobilization and oxi
dation of body fat. This study suggests that this increase In fat 
oxidation is sufficient, when combined with a diet inadequate In poly
unsaturated fat, to result In esseRtlal fatty acid deficiency. Admin
istering essential fat (lntralipid 10% contains 43 gm of linoleic 
acid and 6.5 gm linolenlc acid per liter) to our patients who had been 
maintained on carbohydrate-rich, fat-free, parenteral feedings re
sulted in return of the red cell membrane fatty acids to normal. That 
the lipid emulsion played a specific role in correcting the fatty acid 
deficiency is seen in the patient who received an iso~aloric ~ut fat
free intravenous diet and failed to correct the essential fat defi
ciency, which persisted for two months. Finally, In the patient in 
which total Intravenous support is unnecessary, a diet high in 
calories containing polyunsaturated fatty acids should correct the 
characteristics of the essenti~l fatty acid d~ftctency, as illustrated 
by the patient who responded to appropriate oral therapy. 

Associated with the decrease In the polyunsaturated fatty acid is 
an Increase in saturated acids to abnormally elevated levels. In addi
tion, abnormal fatty acids appear and one component to which signifi
cance ts attached is 5-8-11 elcosatrienoate (20:3n9), which is absent 
from most normal tissues (Holman RT, In Progress In the Chemistry of 
Fats and Other Lipids, New York, Pergamon Press, Limited, 1971, 
p 275).7 During deficiency states, this abnormal oleate-derived acid 
appeared In three out of the four deficient patients examined, and in 
severe deficiency may account for the major proportion of all poly
unsaturated lipid. The contribution of previous dietary history to 
red cell lipid abnormalities, though difficult to assess, may be an . 
Important contribution in the development of this deficiency state. 
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Although all five patients appeared to be in good health prior to 
injury, two individuals reported a high consumption of alcohol. 
Chronic alcoholism may progress to a condition of plasma hyperlip
idemia, with an Increase of both cholesterol and phospholipid fractions 
of red cell membrane in chronic alcoholics (Westerman HP, Balcerzak SP, 
Heinle EW Jr, J Lab Clin Med 72:663, 1968). 17 While our findings are 
not entirely compatible with this state, it seems unreasonable to 
assume that the major disproportions of saturated and unsaturated fatty 
acids observed in patient number 4 on the second postburn day are sim
ply a result of his thermal injury. It therefore appears that the 
patient susceptible to fatty acid deficiency is the one who has a 
previous dietary history of low essential fatty acid intake with mar
ginal stores of polyunsaturated fat, is then maintained on a fat-free 
diet, and has increased essential fatty acid needs as a result of the 
stress of injury or the need for body repair or growth. 

This essential fatty acid deficiency may influence the response to 
the stress of thermal injury. Fat is an essential component of cell 
membranes and the proportions of saturated to polyunsaturated fat de
termine membrane fluidity and, hence, effect transport of water, ions, 
and other essential nutrients through cell wall and mitochondrial mem
branes. These observations of altered phosphollpid and fatty acid 
composition of the red cell membrane are similar to those described for 
a wide yarlety of red cell disorders (Neerhout RC, Clln fediat 7:451, 
1968) . 1 Reduced linoleate levels are associated with hereditary 
spherocytosis, leptocytosis, certain acquired hemolytic anemias, and 
acanthocytosis. Investigation into these disease states has resulted 
in a definition of altered physiology associated with the biochemical 
modifications of the red cell membrane. Altered osmotic fragility, 
abnormal sodium and potassium transport, and a decreased cellular half 
life, have all been associated with similar membrane alterations de
scribed in other disease states (Shohet S, New Eng J Med 286:577, 
1972),13 Our preliminary evidence suggests similar correlation between 
specific lipid abnormalities and functional changes of the red cell 
membrane in these patients, and further investigations are continuing 
in this area. 

The specific role of fat on protein metabolism must be defined, 
for fat administered to fasting man may prevent weight loss but ap
parently has little effect on protein catabol ism. Monroe, in an exten
sive and thorough review of interaction between carbohydrat and fat 
calories in the diet, points out that an essential amount of dietary 
carbohydrate is required for nitrogen sparing, but, over and ob vc thi 
quantity, fat and carbohydrate can be interchanged to provi add i-
tional calories with similar effects on metabolism (Monro HN, Phy 
Rev 31 :449, 1951). IO Fat emulsions provide an isotoni c high - u ric 
source which seems ideal for the burn patient, who requir odd iti n 
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solute free water because of the marked Increase in evaporative water 
loss from the damaged integument and needs caloric support because of 
the hypermetabolism associated with thermal Injury. Glucose and amino 
acids can be constituted as lu-14% solutions and delivered simulta
neously with the fat emulsion by peripheral vein. Using fat emulsion 
combined with other feeding techniques, nitrogen equilibrium was 
achieved in thesi patients with the administration of approximately 
15 gm nitrogen/m /24 hours and 2,000-2,200 ca1/m2/day, an estimate 
comparable to the nitrogen and caloric requirements previously deter
mined at this instituty

4
(soroff HS, Pearson E, Artz CP, Surg Gynec 

Obstet 112:159, 1961). 

Side effects in nonlnjured patients have frequently been related 
to the increased plasma lipid that occurs following fat infusion, and 
accelerated lipid clearance following trauma may account for the rela
tive safety of the fat emulsion following Injury. Most of these 
studies were performed in previously healthy young individuals and 
guidelines for use of the emulsion must be defined in the nonlnjured 
patient during states of resting starvation and in patients with meta
bolic derangements of fat and carbohydrate metabolism. However, In 
burn ~atlents, the intravenous fat emulsion allowed a ready caloric 
source with minimal hazard and could be used to supplement other 
feeding techniques. 
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Nutritional support following major Injury is essential to the 
care of the wounded soldier. Weight loss Is a reflection of the 
difference between energy expenditure of the patient and calories 
provided by dietary means and therefore body weight loss is not an 
obl lgatory response following injury. Weight loss, per se, has 
been associated with death fol lowing 40 to 50 per cent loss of body 
mass (loss of approximately one-fourth to one-third of body nitrogen). 
However, complications associated with weight loss, notably Infection 
and those associated with chronic convalescence, may be related to 
loss of body proteins, which are utilized as one of the basic sub
strates for gluconeogenesls during the catabollc state. The purpose 
of this study Is to determine If alterations In the composition of 
the diet will more effectively preserve lean body mass (optimize 
nitrogen retention) while a progressive and controlled weight loss 
occurs following Injury. 

Intestinal absorption 
Hospital diet 
Protein sparing 
Insulin 
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EVALUATION OF GASTROINTESTINAL ABSORPTION AND NUTRITIONAL 
EFFICACY OF STANDARD HIGH PROTEIN HOSPITAL DIET 

IN EXTENSIVELY BURNED PATIENTS 

Two patients have been studied to date while they received 
high caloric diets. Du,·lng one study period of at least 10 days, 
the diet was composed of 40 per cent fat, 40 per cent carbohydrate, 
and 20 per cent protein and compared with an experimental period, 
which was placed before or following .the control period In a random 
period, while a diet of 20 per cent fat, 60 per cent carbohydrate, 
and 20 per cent protein was administered. In the first patient, 
who received a caloric load In excess of energy demand, nitrogen 
sparing was maximal with the 40 per cent carbohydrate Intake and 
nitrogen retention was therefore limited by nitrogen Intake and 
not calories or carbohydrate Intake. In the subsequent patient, 
who was maintained slightly below energy requirements, the carbo
hydrate Intake Improved nitrogen retention, and this response 
appeared to be mediated by Increased insulin secretion. 

Studies with human growth hormone suggest Improved nitrogen 
retention Is mediated by a reset In Insulin elaboration and altera
tions In carbohydrate metabolism. Increased gluconeogenesls fol
lowing Injury may require an increased load of carbohydrate during 
the early catabollc course following Injury, and this could be 
provided by altering dietary composition to provide exogenous 
glucose and minimize gluconeog~nesls and lean tissue breakdown. 
Moreover, studies In normal and diabetic man indicate that Increased 
Insulin elaboration can. be achieved through diet alone, and addi
tional studies wi11 evaluate the standard hospital diet and a high 
carbohydrate diet In the catabo11c phase of Injury to determine the 
nitrogen sparing characteristics of each one of these dietary pro
grams. 

PUBLICATIONS AND/OR PRESENTATIONS 

None 



HSIAICN AND TICNNOLOGY IGIII UNIT SUUAIIY ---DD-DR••<AR>u• ............ ...,. .. ·····••· ._ ... ,. a-1c1•ic eua • . Llvn •• -
HACT .. ACCIN 72 07 01 D. CHANGE 
YII •- A. --y 

••· 110.1cooa1,• ......... 
.. CHTMaUTl•o 

c, c ....... , ••• 

I. TITLl 1--_,. -· C---( U) Human Growth Hormone In Burned Mil ltary Personnel (44) 
II, ICll• TIPIC ... TIC•--CAL A• I 

003500 Clinical Medicine 

• DATalJl"••ct1w1, 

~ ...... ,. 
& TYPe: 

• •••• o• ••••: ..... -
• ...... ,1 
f.CUIII. AIIIY , 

·5 16 

.5 12 

•--•••us Army Institute of Surgical Research 

·-•1• 
•-•••us Am,y Institute of Surgical Research 

Burn Study Branch __ ,. 8 4 
Ft Sam Houston, Tx 78134 

N-llkl l• DlvtMIAL 

...... Bas 11 A Pru I t t , Jr, COL , HC 

Ft Sam Houston, Tx 7 23 

l"AL l• VIITI.Afo• /,- - U 11 .t . •-,_.__,. 

•-•• Doug I as W WI I more, MAJ, HC 
TILi-i, 512•221•5712 

TILi•-·· 512-221-2720 IOCIAL Hcu•n ACCOUNT·-·· ----------------------------4 
INTELLIGENCE NOT C-~.4SIDERED 

U Burns; 
Hormone· U 

AIIOCl&Te ••v•,T•·•TOIII 

·-· 
TICN• ICAL -CTIVI. H ••-ACN, H, --,-•-•----------·---,----••--·I 
23. (U) To administer human growth hormone plus high caloric feedings to burned 
soldiers during acute thermal Injury and evaluate the effects on carbohydrate and 
protein :netabollsm. 

DA 
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administered a constant Intake of nitrogen and calories to meet predicted requirements. 
Human growth hormone, 10 International Uni ts, .was administered daily for one week and 
compared with a similar week which preceded or succeeded the experimental period. On 
day 5 of each week of study, a glucose tolerance test was performed. All urine was 
collected for determination of nitrogen balance and serial blood studies sampled. 

25. (U) 72 07 - 73 06 Increased nitrogen retention occurred with HGH therapy In 
all but one patient, with a mean loss of urinary nitrogen 17.1 grams per day c0111>ared 
with 21.7 grams per day during the control period. BUN decreased from 16 to 13 
{p(0.02), free fatty acids Increased from 1.2 to 1.7, serum protein levels stabilized 
and liver function tests returned toward normal. Blood glucose Increased slightly 
from 104 to 118 mg%; plasma Insulin was reset at almost twice the levels achieved 
during the control period. The protein sparing effects and other beneficial secondary 
gains to HGH which enhance recovery of the Injured patient appear to be dose relat~d, 
to require nutrient loading to augment Insulin response, and to be mediated by 
alterations In carbohydr~te metabolism In the presence of Increased Insulin production. 
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ABSTRACT 

PROJECT NO. 3A161102B71R·OI, RESEARCH IN BIOMEDICAL SCIENCES 

REPORT TITLE: HUMAN GROWTH HORMONE IN BURN PATIENTS 

US Army Institute of Surgical Research, Brooke Army Medical Center, 
Fort Sam Houston, Texas 78234 

Period covered in this report: I July 1972 - 30 June 1973 

Investigators: Douglas W. WIimore, HD, Major, MC 
Joseph A. Moylan, HD 
Barbara F. Bristow, ILT, AHSC 
Basil A. Pruitt, Jr., HD, Colonel, MC 

Human growth hormone was administered to seven severely burned 
hypermetabollc patients receiving calories and nitrogen predicted to 
meet or exceed energy demands. A significant Increase In nitrogen 
retention occurred with HGH therapy when compared with control periods 
of diet alone. 

The protein sparing effects and other beneficial secondary gains 
to HGH which enhance recovery of the Injured patients appear to be 
dose related, to require nutrient loading to augment the Insulin re
sponse, and to be mediated by alterations In carbohydrate metabolism 
In the presence of Increased Insulin production. 

Burns 
Growth hormone 
Metabolism 
Humans 
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HUMAN GROWTH HORMONE IN BURN PATIENTS 

Weight loss and negative nitrogen balance characterize the meta
bolic response following thermal trauma, with the magnitude of the 
catabollc phase related to the extent and severity of the Injury. 
Modification of the accelerated rate of tissue breakd<»«1 and loss of 
protoplasmic mass Is a major priority following extensive Injury and 
this goal may be achieved by vigorous nutritional support (Wilmore OW, 
Curreri PW, Spltzer

1
KW, Spitzer HE, Pruitt BA Jr, Surg Gynec Obstet 

132:881-886, 1971), by prevention of Infection In the burn wound and 
elsewhere, and by timely closure of the surface wound. In spite of 
optimal care, patients with burns of more than 40 per cent of the bod) 
surface sustain a significant loss of body cell mass which may limit 
wound healing and resistance to Infection, prolong hospitalization and 
convalescence, and delay rehabl litatlon and satisfactory return to a 
useful and productive life. Recent studies of hormonal-body fuel 
interrelationships following starvation (Cahill GF Jr, Herrera HG, 
Horgan AP, J Clln Invest 45:1751-1769, 1966;2 Huller WA, Faloona GR, 
Unger,RH, New Eng J Med 285:1450-1454, 1971)3 and trauma (Lindsey CA,

4 Wilmore OW, Moylan JA, Faloona GR, Unger RH, In press, J Clln Invest) 
suggest that a disproportionate lncre~se of catabollc hormonal regula
tors Is elaborated following Injury to facllltate protein breakdown 
for conversion to new glucose, which aids wound repair and provides an 
available supply of readily utlllzable ene~gy. Nitrogen sparing could 
thus be achieved following Injury by the administration or stimulation 
of anabolic hormones to blunt the catabollc r sponse !Hinton P, Little
john S, Allison SP, Lloyd J, Lancet 1:767-769, 1971). 

Human growth hormone, a molecule with 188 sequential amino acid 
residues elaborated by the anterior pituitary gland, has a unique 
physiologic role of promoting growth and Improving nitrogen storage. 
Administered to normal man, this polypeptide promotes retention of 
nitrogen, phosphorus, and potassium; facilitates Intracellular trans
port of amino acids, and Increases ribosomal protein synthesis; stimu
lates fat moblllzatlon; alters cellular sensitivity to carbohydrates 
by diminishing Insulin responsiveness; and stimulates synthesis of 
chondrotln sulfatg and collagen (Raben HS, Recent Prog Hormone Res 
15:71-114, 1959). The anabolic effects of this hormone are dramatl· 
cally demonstrated when HGH Is administered to a child with hyper
pituitary dwarfism, for It prompts Immediate acceleration of linear 
growth. Because of the specific effects of human growth hormone In 
maintaining and synthesizing lean body mass, HGH may represent a safe 
and effective method of reversing the extensive nitrogen loss which 
occurs following major trauma. 
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Soroff, Pearson, Green, and Artz (Soroff HS, Pearson E, Green NL, 
Artz CP, Surg Gynec Obstet 111:259-273, 1960)7 administered bovine 
growth hormone to severely burned patients and reported an increased 
retention of nitrogen and potassium, and concomitant weight gain which 
occurred in the convalescent state of injury. However, there was ac
centuation of nitrogen loss when this honnonal preparation was admin
istered during the early catabollc phase of burn trauma. Liljedahl 
and associates (Liljedahl SO, Gemze11 CA, Plantln LO, Blrke G, Acta 
Chlr Scand 122:1-14, 1961)8 gave 10 to 20 mg of human growth hormone 
dally to burn patients over periods of seven to nine days and noticed 
an appetite stimulating effect which Increased protein and caloric 
Intake, thus Increasing nitrogen retention. Roe and Kinney (Roe CF, 
Kinney JH, Surg Forum 13:369-371, 1962)9 demonstrated that growth 
homone stimulated fat mobilization and Increased the proportion of 
fat utilized as the body's fuel. Following the administration of HGH 
to convalescing orthopedic patients, there was a rise in monoesterlfled 
fatty acids In the serum, an Increase In oxygen consumption, and low
ering of respiratory quot ient. 

Hore recently, Soroff and associates (Soroff HS, Rozln RR, Mooty 
J, Lister J, Raben HS, Ann Surg 166:739-752, 1967)10 controlled caloric 
Intake In burn patients at nine grams of nitrogen and 1,500 calories 
per square meter body surface area, and studied the effects of HGH on 
both the catabollc and anabolic phase of thermal Injury. In general, 
Increased storage of nitrogen, potassium, sodium, and chloride occurred 
with growth hormone administration, with no apparent predictability In 
the Individual patient's response. Significantly positive gains of 
Intracellular constituents occurred during the anabolic phase of Injury 
but Improved nitrogen retention was not found during the cataboll~ 
phase. In this study, caloric and nitrogen Intake was below .predicted 
levels required to achieve equilibrium during the catabollc phase of 
Injury, and this level of nutrient admlnlstr ,1tlon may have limited the 
anabolic effects of growth hormone In the early pn tburn period. Stud
ies by Gump and associates (Gump FE, Schwartz HS, Prudden JF, Amer J 
Med Sci 239:27-32, 1960)11 In laboratory animals, and P~,rson, Soroff, 
et al (Pearson E Soroff HS, Prudden JF, Schwartz HS, Ame, J Med Sci 
239:17-25, 196o)f2 In patients, Indicate an Intricate lnter .elatlonshlp 
between the extent of nutrient support and the anabolic effects of 
growth hormone; that Is, a minimal level of nutritional Intake must be 
achieved before HGH can enhance nitrogen storage. The purpose of this 
study Is to evaluate the anabolic effects of human growth hormone when 
administered with high caloric feedings during the catabollc phase of 
thermal Injury. 
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MATERIALS AND METHODS 

Patients 

Seven male patients were studied. The average patient age was 25 
years (range 16-41), and mean burn size was 54 per cent total body 
surface (33,5-75.5), All patients were studied before coverage of the 
burn wound was achieved, with four of the seven patients entered Into 
the study on the 14th to 17th postburn day (Table 1). Two individuals 
with excessive burns required staged grafting procedures, and were not 
healed when studied on the 39th and 84th day postlnjury. Finally, the 
seventh patient, referred to this unit six months following a 75 per 
cent flame burn, was nutritionally depleted and still required grafting 
of 34 per cent of the body surface. Because of his severe nutritional 
disability, he was given human growth hormone eight months following 
his thermal Injury while preparing the wound bed for final skin cover
age. 

Human Growth Hormone 

Human growth hormone Is a protein of human origin extracted from 
pituitary glands obtained at autopsy, following the procedures de
scribed by Raben (Raben HS, Science 125:883-884, 1957~l3 as modified 
by Hartree (Hartree AS, Blochem J 100:754-761, 1966). Following 
chromatographic extraction, human growth hormone in Its pure form ap
pears white, and physical chemical characteristics of the substance 
confirm Its final purity. If satisfactory purification standards are 
achieved, the potency of the preparation Is determined by biologic 
assay. Potency of HGH Is expressed In International units, which Is 
based upon the effect of the extract on skeletal rate of growth In 
hypothesectomlzed rats. After biologic assay, the lyophlllzed hormone 
Is packaged In vials containing 10 International units per receptacle 
and frozen. Previous studies with the preparation have demonstrated 
growth stimulation In hypopltultary dwarfs with the administration of 
5 to 20 International units per week, with the frequency of administra
tion varying from dally to two or three time~ weekl y. Toxicity with 
this preparation has not been encountered, although local signs of 
Irritation at the Injection site have occurred In dwarf patients. In 
addition, some Individuals have developed resistance to HGH with long
term use, presumably due to the development of antibodies. 

Study Design 

Following Initial resuscitation and the period of lleus and gastro
intestinal dysfunction which follows major Injuries, all patients 
entered Into the study received predicted nitrogen and caloric Intakes 
necessary to achieve nitrogen and caloric equilibrium. Nitrogen Intake 
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was calculated · from previously determined guidelines estimated to 
achieve equlllbrlum (Soroff HS, Pearson E, Artz CP, Surg Gynec 0bstet 
112:159-172, 1961) ,IS and caloric l"take was determined by maintaining 
a nitrogen to caloric ratio between 1:125 - 1:150. In addition, basal 
energy requirements were predicted from basal energy production, cal
culated from oxygen consumption and carbon dioxide production measure
ments which were obtained using Douglas bag collection of expired gas 
and gas analysis techniques. Dally caloric and nitrogen Intakes were 
maintained at a constant level for at least two weeks In all patients. 
In three Individuals (Patients 4, 6, and 7), the study was extended 
an additional week to assess the effect of time on the metabolic 
changes following thermal Injury. Finally, Patient 5 was studied 
twice, first during the acute phase of Injury and later during conva
lescence. 

Each study period was divided into seven-day intervals, one week 
assigned as the control period (diet alone) and the companion week 
designated as the experimental period (growth hormone plus same diet). 
The week of h1.111an growth hormone administration was randomized so that 
half of the patients studied received HGH during the first week of 
evaluation and the remaining Individuals rec~lved HGH the week fol
lowing the seven-day control period. In the three patients studl~d for 
a third week, the appropriate switch back was made to continue or dls-

_contlnue the hormonal therapy In order to match the first study week. 

During the experimental period, human growth hormone, 10 Inter
national units, was administered Intramuscularly dally for seven con
secutive days at 8:00 P.H. to augment the normal circadian rhythm of 
HGH (Glick SH, Goldsmith S, In International Symposium on Growth Hor
mone, edited tY A Peelle and E Huller, Amsterdam, Excerpta Hedlca, 
19ft', p. 84)1 The period of growth hormone administration was com
pared with th~ control period when diet alone was given. Because of 
the need for comparable consecutive weeks for comparison, only patients 
with a stable course and a prediction of a successful outcome following 
Injury were studied. Individuals who developed complications during 
the study period, such as pneumonia, systemic sepsis, or gastrointes
tinal hemorrhage, were dropped from the study. 

Dietary Intake 

Four of the seven patients· received enteral feedings, two patients 
received combined enteral-parenteral feedings, and one patient studied 
received all nutrients administered exclusively by the parenteral route 
(Table 2). All enteral feedings were given as meals, fed three times 
a day, with Interval and nightly dietary supplements, and all food was 
prepared In the metabolic kitchen under the supervision of the research 
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dietitian. Food was taken from the standard lots with known composi
tion, and nutrient value determined by methods of dietary analysis 
previously developed at this Institute (Spitzer HE, Ritchey C, 

17 Glennon JH, Villarreal Y, Mason AD Jr, Amer Diet Ass 62:44-46, 1973) 
and by composition from food composition tables (Agriculture Department 
Handbook 8). Parenteral nutrients were administered by the central 
venous route, using solutions composed of hypertonlc dextrose and amino 
acids, with the nutrient composition considered to be as Indicated by 
the manufacturer. A constant Intake was provided dally with only 
slight alterations In electrolyte and fluid administration, as deter
mined by the cllnlcal condition of the patient and serum electrolyte 
concentrations. 

The predicted dietary intake was calculated to achieve nitrogen 
and caloric equllibrlum, but, as additional patients were studied, it 
was apparent that positive nitrogen and caloric balance was obtained 
by the hypercaloric feedings. Thus, as further patients were studied, 
an ad llb feeding schedule was allowed during the first seven days of 
study, and the Intake of the second week was matched with the first 
week to obtain a comparable nitrogen and caloric Intake. Therefore, 
the last three patients studied did not receive caloric support com
parable to the levels of nutrient Intake achieved in the first four 
Individuals. 

Co I lect Ion 

All urine was collected in 24-hour pools and analyzed for creatln
ine, sodium, potassium, glucose, urea nitrogen, and total nitrogen. In 
the first four patients studied, stool was collected, pooled in weekly 
aliquots and analyzed for total nitrogen and stool fat content. Be
cause no alterations were demonstrated In quantity of the gastrointes
tinal losses with growth hormone administration, stool was not col
lected In the remaining patients. 

Body weights were taken dally when possible, and accurate intake 
and output records were maintained daily. Arterial blood was drawn at 
7:00 A.H. on Day I, 4, and 7 of each study week and analyzed for com
plete blood count, serum ele.ctrolytes, serum protein, urea nl'trogen, 
creatlnlne, free fatty acids, glucose, calcium, phosphorus, uric acid, 
cholesterol, triglycerides, total fat, alkaline phosphatase, serum 
glutamlc oxaloacetic transaminase, and blllrubln. On the fifth day of 
each study week, an intravenous glucose tolerance curve was performed. 
The patients were fasted after midnight , and at 6:00 A.H. a No. 16 
polyvinyl catheter was placed In a large vein, using local anesthesia. 
Basal blood samples werP. drawn and 25 gram dextrose in 100 ml sterile 
water was administered Intravenously over four minutes. Samples were 
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then drawn at 15, 30, 45, 60, 90, and 120 minutes following glucose 
administration, and blood glucose was measured by the Auto Analyzer, 
ferrlcyanlde technique, and plasma-Insulin was determined by double 
radiolnrnunoassay. 

General Methods of Management and Patient Evaluation 

Patients were treated by the exposed method of burn care until 
separation of the eschar, with or without biologic dressing, until 
autograftlng could be accomplished. All patients were treated with 
SulfamylonR burn cream, applied every 12 hours to their wounds, and 
were bathed dally to remove the burn cream and Inspect the burn wound. 
Wound exudate was not collected, for, although it entered into total 
balance, wound exudate reflects a transudation of body substrate 
rather than a metabolic end result. 

Patients were exercised at frequent intervals and were not 
operated upon during the periods of study. Blood transfusions were 
given to two patients during the study In the form of 250 ml packed 
cells, which was administered because of a low hemoglobin. Patients 
were evaluated by the nursing staff, who noted their affect, appetite, 
and activity during the periods of study. The research dietitian re· 
corded interest In food, appetite, and ability to consume all portions 
of the prepared meals. 

RESULTS 

Administration of Human Growth Hormone 

Human growth hormone, administered as a fixed dose of 10 Inter
national units per day for seven continuous days, ranged In dose from 
0.1176 I.U. per kilogram body weight per day to 0. 1887 I.U. per kilo
gram per day. The only adverse reaction to the HGH preparation was the 
occurrence of a rash In one patient, which appeared as a fine macular 
eruption over the face and trunk and was noted on the fifth day of 
growth hormone administration. The rash subsided with completion of 
the seven-day course of human growth hormone concomitant with the with
drawal of several other medications. No local reaction or analphylaxls 
was seen with the administration of human growth hormone. 

Nitrogen and Mineral Excretion 

While on a fixed nitrogen and caloric Intake, a reduction of 
nitrogen excretion occurred In seven of the eight study rerlods with 
the admlnf"stratlon of human growth hormone, 10 I.U. per day for seven 
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days (Table 3). This response usually occurred following the first day 
of therapy and progressed throughout all seven days of growth hormone 
administration, with some carry over effect noted In the subsequent 
day or two fol lowing the final dose of HGH. Urea was the primary 
nitrogenous component which decreased following HGH therapy; excretion 
of creatlnlne was unaltered by the hormonal administration. No con
sistent alteration In sodium or water excretion was noted when com
paring control weeks with seven-day periods of HGH administration, as 
demonstrated In three of the patients In which a fixed fluid, sodium, 
and potassl1.111 Intake was possible (Table 4). However, Increased potas
sium retention was consistently observed, with the quantity of retained 
potassium and nitrogen approximating a 3:1 ratio, proportions similar 
to Intracellular concentrations of these substances In muscle mass. 

Blood Chemical Values 

No alterations were seen In hemoglobin, hematocrlt, white blood 
count, or serum electrolytes with the administration of human growth 
hormone. The anabolic agent exerted known metabolic effects by sig
nificantly decreasing blood urea nitrogen levels and Increasing blood 
glucose, serum calcium, free fatty acids, and total lipids (Table 5). 
In addition, liver function studies appeared to return toward normal 
with a decrease In alkaline phosphatase, ser1.111 glutamlc oxaloacetic 
transaminase, and total blllrubln. 

Carbohydrate Metabolism 

Although blood glucose concentration was slightly elevated during 
the period of HGH administration, this change was not statistically 
significant. Intravenous glucose tolerance tests, performed on the 
fifth day of control and HGH periods, demonstrated no differences In 
the fasting glucose level or peak value achieved with the administra
tion of 25 grams of glucose. In addition, the disappearance rate for 
glucose (K value) was unchanged during the period of study (Figure I). 
However, the asymptotes that the curves approached (the concentration 
of glucose with the slope [dg/dt] equal to zero) were significantly 
different In those patients with growth hormone induced nitrogen 
sparing. There was a higher asymptote or plateau of blood sugar ap
proached by the glucose tolerance curves obtained during the growth 
hormone therapy when compared with those curves obtained during the 
control period. In the six patients that demonstrated protein sparing, 
glucose production appeared to be Increased, an observation consistent 
with enhanced gluconeogenesls induced by HGH. 

Insulin values obtained concomitantly during the Intravenous glu
cose tolerance test demonstrated significant differences In Insulin 
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TABLE 5, BLOOD CHEMICAL VALUES* 

CONTROL HGH COHPAJlISON 

Glucoae ( .. /100 al) 104 :t 10 118 :t 8 NS+ 

Blood urea nitroa•n <•1/100 • u 16 t l 13 :t 2 p<0,01 

Calcia ( .. /100 • l) 8,6 t 0.4 9.1 :t 0,4 NS 

Phoaphorua (• a/100 • 1) 4.3 t 0.2 4,4 :t 0,4 NS 

Total bilirubin (aa/100 al) 0,7 t 0,1 0,5 t 0,1 NS 

Alkaline phoaphatue (K-A unite) 29.2 t 3.6 25.1 t 4.8 NS 

SOOT (Kareen unite) 118 t 20 89 t 18 NS 

Total protaina (a• /100 • 1) 6.1 t 0.3 6,1 t 0,3 NS 

Albu• in (p/100 al) 2.6 t 0,3 2.7 t 0,3 NS 

Uric acid ( .. /100 111) 4,3 t 0.3 3,8 t 0,4 NS 

Creatinin4 ( .. /100 ml) 0,91 t 0.03 0,97 t 0,07 NS 

Choleaterol (• a/100 • l) 136 t u, 127 t 13 NS 

Trialycerid•• (• a/100 al) 142 t 40 172 t 27 NS 

Fr•• fatty acid• (• Eq/L) 1.2 t 0.4 1.7 t 0,6 NS 

Total lipid• (• a/100 • l) 440 t 68 463 t 53 NS 

•Meant S,E, of value• obtained on the fourth and aeventh day of each 
veek of atudy. 

+ Compariaon by paired t teat; NS• Nonaianificant 
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ANALYSIS o, CUflVU I I 

200 I I 
Aepi,tote K 6 I I 

I ' C'alltrol II .I I .II 1.14 I ' ... 
' • I I HGH H .I 3.54 3.19 I 
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130 ' .... l .. ,, 

lO 

10 

........ 
FIGURE I. '"sulln reset (below) occurred In the patients 

responding to HGH by sparing nitrogen, and the elevation above 
control levels was significant and related to the dose of HGH 
(If y • Insulin, D • dose In IV/kg body -lght, then y • 17.8 + 
12D.3 D, r2 • 0.28, F1,11i • 5,537, p<0.05) . However, the 
Increased Insulin output did not lower blood 9lucose (above), 
suggest Ing Increased per I phera I res I stance ex,!rted by HGH or free 
fatty acids. Analysis of the glucose tolerance curves demonstrate 
a si gnificant elevation (p<0.05) in asymptote approached by the 
curve during HGH therapy, an Increased disappearance of glucose 
(K) Into tissues (possibly a reflection of th9 elevated Insulin 
levels) and Increased production of glucose (Q) to support a 
curve with the characteristics demonstrated. 
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levels In the patients In whom nitrogen sparing occurred. This reset 
In basal Insulin levels In response to a glucose load seemed unrelated 
to blood glucose concentration, reflecting the peripheral anti-Insulin 
effect of grQvth honnone. In contrast to the patients with HGH Induced 
nitrogen retention, one Individual demonstrated a slight Increase In 
nitrogen loss with growth hormone administration. His glucose toler
ance curve obtained during the period of HGH administration demon
strated a lower calculated asymptote with no significant elevation In 
the serum Insulin (Figure 2). 

Subjective Effects 

Four of the seven patients demonstrated some mood elevation, which 
occurred concomitantly with the administration of human growth hormone. 
In the same four patients, an Increase In appetite was noted and there 
was lfttle difficulty In achieving the desired level of nutrient Intake. 
In the youngest Individual, euphoria and an Increase In l ibido was 
noted during the weeks of hormonal therapy and his mood changed mar
kedly on the alternate control week. Patient families also reported 
this difference In affect and mood, and these observers could often 
predict when the patient received HGH. 

DISCUSSION 

Human growth hormone has the unique physiologic properties of im
proving nitrogen retention and weight gain In normal man and stimu
lating linear growth In hypopltultary dwarfs. This anabolic effect Is 
characterized by Increased retention of all Intracellular constituents, 
augmenting growth of the lean body mass and the skeleton. Nitrogen 
retention reaches Its maximum level In three to six days of therapy 
(Henneman PH, Forbes AP, Holdawer H, Dempsey EF, Carroll EL, J Clin 
Invest 39:1223-1238, 1960)18 with an Increase In nitrogen balance of 
about 2.4 grams In nitrogen per day In normal healthy man (Forbes AP, 
Jacobsen JG, Carroll EL, Pechet HH, Metabolism 11:56-75, 1962).19 
This effect Is dose related, with little nitrogen storing at 0. 1 mg per 
day, and maximal retention produced with doses of 10 mg per day In 
normal man (Henneman PH, Forbes AP Holdawer H, Dempsey EF, Carroll EL, 
J Clln Invest 39:1223-1238, 1960.1a In addition, the action of growth 
hormone may be more prolonged, for normal growth and development have 
been reported In hypopltultary dwarfs maintained on weekly or twice
weekly administration of the agent. Some sustained effect was noted i1 
this study with Improved nitrogen retention seen for up to 48 hours 
following the last Injection of HGH. 

The Influence exerted by HGH on protein containing mass ls re
flected In many of the blood chemical parameters studied in these 
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ANALYSIS OF CURVES 
• Alymptott 

Control 91. 7 
k Q 

9.53 9.20 
4.40 3.80 HGH N.7 

\ 

' \, 
' 

Control• • 
HGH ~--~ 

'-.. ...... ...... 
......... ...... ...... 

10 10 10 1210 
Mlll11tN 

FIGURE 2. The slngle patient who falled to demonstrate 
protein sparing had only sllght lnsulln augmentation, blunted 
glucose flow (K) Into tissues, and the most marked Increase of 
serurn free fatty acid seen In this group. It appears that the 
adlpoklnetlc effect of HGH dominated over the lnsullnogenlc 
effects and no nitrogen sparing occurred, a metabolic response 
slmllar to the effects reported following growth hormone admin
istration to fasting man . 
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patients. The reduction In blood urea nitrogen while on a constant 
calo r ic and nitrogen Input and while maintaining normal renal function 
Is one Indicator of decreased urea production and Increased protei n 
sparing. This Increased preservation of protoplasmic mass Is accom
plished by mobilizing free fatty acids from body fat stores, demon
strated by the Increased level of free fatty acfd that occurred with 
HGH administration. Increased fat oxidation alters the body's fuel 
mix, elevating oxygen consumption and towering the respiratory quotient 
toward 0.70 (Roe CF, Kinney JH, Surg Forum 13:369-371, 1562;9 Soroff 
HS, Rozln RR, Mooty J, Lister J, Raben HS, Ann Surg 166:739-752, 
1967).10 Also associated with the HGH administration was an apparent 
Improvement In liver function as Indicated by the decrease In bltl
rubln, alkaline phosphatase, and enzyme levels. Alterations In hepatic 
enzymes and blllrubln have been described with fasting and may be re
lated to Increased levels of glucagon and epinephrine (Bloomer JR, 
Barrett PV, Rodkey FL, Bertin NI, Gastroenterology 61:479-487, 1971) ,20 
or loss of hepatic-cellular protein (I.e., labile nitrogen) which 
serves as one of the substrates for synthesis of new glucose during 
starvation or Injury (Robinson GA, Butcher RW, S~fherland EW, cyctlc 
ANP, New York, Academic Press, 1971, Chapter 6). Further eva uatlons m now In progress to examine the specific Interactions between growth 
hormone and liver function following fasting and trauma. Unger and 
coworkers (Huller WA, Faloona GR, Unger RH, New Eng J Med 285:1450-1454, 
1971)3 have described thf Interaction between Insulin and glucagon In 
regulating hepatic gluconeogenesls. That Insulin atone can produce 
marked nitrogen retention and reduction In blood urea nitrogen In burn 
patients has been demonstrated by Hinton, Littlejohn, Allison, and 
Lloyd (Hinton P, Littlejohn S, Allison SP, Lloyd J, Lancet 1:767-769, 
1971).5 Administering high doses of Insulin (200-600 units per day) 
with 50 per cent glucose and water Infused by vein, normal blood glu
cose levels were maintained, associated with significant reductions of 
nitrogen and potassium tosses following Injury. In some animals, 
Insulin appears necessary for the anabolic effects of growth hormone 
to be manifested, while In other species (and man) these two hormones 
seem to act In concert with augmented or additive eft!cts (Scow RO, 
Wagner EH, Ronov E, Endocrinology 62:593-604, 1958). In hepatic 
perfusion studies, growth hormone atone enhances transport of amino 
acid substrates Into liver cells and stimulates protein synthesis 
(Korner A, Ann NY Acad Sci 148:408-418, 1968).23 It would appear that 
the anabolic effects of human growth hormone require nutrient Intake 
to first establish a level of hormonal elaboration (Insulin output), 
which Is complimented by the administration of HGH. As a result of 
this hormonal environment, there Is preservation of teen body mass 
and Increased utilization of fat as a fuel source, an alteration In 
metAbollsm which has previously been described with HGH administration 
during the hypermetabollc state Induced by administration of trllodo
thyronlne (Bray GA, Raben HS, Londono J, Gallagher TF Jr, J Clln 
Endocr Hetab 33:293-300, 1971).24 
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The use of human growth honnone in the controlled manner de
scribed by this study may not be the most efficacious method of 
achieving a drug effect In burn patients. Earlier work by Liljedahl 
and associates (Liljedahl SO, Gemzell CA, Plantln LO, Blrke J, Acta 
Chlr Scand 122:1-14, 1961)8 Indicates that patients Improve their In
take of calories and nitrogen with HGH administration and hence Im
prove nitrogen and caloric equilibrium. Because this study provided 
a fixed feeding schedule, the Improvement In appetite could only be 
noted by the acceptance of the diet by the patient. Improved appetite 
did seem to occur with the hormonal administration In four patients, 
associated with mood elevation, apparent Increased mobility, and wil
lingness to exercise and Increase self-care. These gains, If demon
strated In further studies, should have specific effects on overall 
convalescence and rehabilitation of thermally Injured patients. 

Although nitrogen retention and maintenance of protoplasmic mass 
would appear to be a desirable end result In the care of the bum 
patient, associated gains may be more meaningful clinically. Mainte
nance of serum protein and Improvement In liver function may represent 
clinical confirmation of laboratory experl!~nts (Liberti JP, Wood DH, 
DuVa11 CH, Endocrinology 90:311-315, 1972; Jeejeebhoy KN, Robertson 
AB, Sodtke U, Foley H, Blochem J 119:243-249, 1970)26 and be benef.lts 
which enhance survival and recovery following Injury . 
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Sympathetic blockade was carried out In four patients with an 
average burn size of 62%. No consistent effect was seen with alpha 
blockade alone but a decrease In metabolic activity occurred with 
combined alpha and beta blockade. This study suggests that Increased 
catecholamines are the neuroendocrlne mediator for the post-traumatic 
hypermetabol le response fol lowing burn Injury. 

Hypermetabo 11 sm 
Ca techo 1 am Ines 
Energy 
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THE EFFECT OF ADRENERGIC BLOCKADE ON THE HYPERHETABOLIC 
RESPONSE FOLLOWING THERMAL INJURY 

The etiology of the profound hypercatabollc response following 
burn Injury Is unknown. Similarities between thermally Injured 
patients and Individuals with thyrotoxlcosls prompted early endocrine 
studies by Dr. Cope and his associates, but the Increased oxygen con
s1111ptlon could not be related to abnormal thyroid function (Cope O, 
et al, Ann Surg 137: 165, 1953), 1 lncreas-ed evaporative water loss 
from the burn wound results In surface cooling and may stimulate 
metabolic rate to generate more heat In order to maintain normal 
body temperature. However, Zawacki and associates found no reduction 
In metabolic rate when evaporation w~s blocked with a water Imper
meable membrane which covered the burn wound (Zawacki BE, et al, Ann 
Surg 171 :236, 1970),2 Gump and Kinney reported a dissociation between 
metabolic rate and evaporative water loss (Gump FE, Kinney JM, Surg 
Clln N Amer 50:1235, 1970) ,3 and, more recently, studies In this unit 
have shown that patients placed In 33° ambient temperature maintain 
an elevated and sustained metabolic rate. 

Hormonal stimulation of heat production occurs with the elabora
tion of thyrolg hormone or catechQlamlnes (Havel RJ, Anesthesiology 
29:702, 1968). Thyroid function has been carefully studied, and re
ports Indicate that thyroid activity Is normal following burn Injury. 
Catecholamines are calorlgenlc hormones Increasing oxygen consumption 
when Infused or stimulating heat production during cold exposure 
(Hsieh ACL, et al, Amer J Physlol 170:247, 1957),5 Catechols are 
elevated following thermal lnjury, and their elaboration per unit 
time has been relatgd to the extent of Injury (Hume DH, et al, Ann 
Surg 143:316, 1956) and to the oxygen consumption of the patient 
(Harrison TS, et al).7 Catecholamines stimulate llpolysls resulting 
In fatty acid mobilization, and epinephrine secretion Is related to 
the peripheral glucose Intolerance 1ssoclated with stress (Porte D, 
et al, J Cl In Invest 45:228, 1966) ,IS Sympathetic regulation of lnsu-
1 In and glucagon secretion may be the controlling features of hepatic 
gluconeogenesls following starvation or trauma (Huller WA, et al, New 
Eng J Med 285: 1449, 1971).9 The purpose of this study Is to deter
mine the effect of adrenerglc blockade on the metabolic response fol
lowing thermal Injury. 

MATERIALS AND METHODS 

Four adult male patients with an average burn s ize of 62% 
(range 51-75%) were studied between the 4th and 30th postburn days. 
All patler,ts were hypermetabollc with an average metabolic rate of 
67.5 Kca1/m2/hour. Blockade was effected by the Intravenous 
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administration of phentolamlne (Regltlne R), 75 mg Infused over a 
30 to 45 minute period (alpha blockade), or phentolamlne , 75 mg and 
propanolol (lndural R), 75 mg Infused over 30-45 minutes (combined 
alpha and beta blockade). The Infusion rate and dose of blocking 
agents were determined by cardiovascular response during drug adminis
tration. Basal studies of pulse rate, blood pressure, respiratory 
rate, minute volume, metabolic rate, and serum free fatty acids were 
performed after several hours of fasting and rest, and these studies 
were repeated after the administration of the blocking agents. 
Adequacy of beta adrenerglc blockade was determined by the absence 
of response 1.n heart rate or Increase In serum free fatty acids fol
lowing administration of 2-10 mcg lsuprel IV. Orthostatlc hypotenslon 
and nasal stuffiness were present In patients following alpha blockade. 

RESULTS 

A varied response occurred with the administration of phentola
mlne, but a significant decrease In metabolic rate was associated 
with the combined alpha and beta blockade (Table 1). In one patient, 
only propanolol was administered with a decrease in metabolic activity 
comparable to that observed with both alpha and beta blockade. In 
all patients, there was an associated decrease in minute volume, pulse 
rate, blood pressure, and free fatty acid level with adequate blockade 
(Table 1). A large quantity of drug was required for effective com
petitive blockade of the beta receptor system and the decrease In 
sympathetic activity appeared to last only two to three hours. In 
one patient, serial oxygen consumption measurements demonstrated a 
blocking effect on metabolic rate that appeared to be a dose-related 
response, with return of metabolic activity to preblockade levels 
shortly after the end of the drug infusion (Fig.). 

DISCUSSION 

The response to stress Is mediated by way of the adrenerglc 
nervous system, and Increased secretion of catecholamines occurs In 
varying degrees during simple anxiety states, with the stress of star
vation, and following major trauma. Adrenerglc blockade suppressed 
tachycardia and Increases In free fatty acids and blood glucose In 
race c,r drivers under stress conditions (Taggart P, Lancet 2:256, 
1972).11 Similar blockade Is reported to suppress the tachycardia and 
lipid response In public speaking, while taking exams, and during other 
anxiety states. 

Adrenerglc receptor blockade has been used In the treatment of 
the hypermetabollc state associated with thyrotoxlcosls. Stout and 
associates reported combined alpha and beta blockade over an avy~age 
71 days In eight patients (Stout 8D, Ann Int Med 70:963, 1969), and 
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found oxygen consumption significantly reduced (BHR before therapy +19, 
after therapy +4). Body weight Increased an average of 12 pounds 
during the same time period. Thi$ Information may be applicable to 
the burn patient, for a similar neuroendocrlne and metabolic response 
may occur In al 1 "stress" states. 

Finally, If adrenerglc output Is the effector In the metabolic 
responses following Injury, then the Infusion of catecholamine~ should 
generate Increased heat, raise body temperature and blood pressure, 
and elevate free fatty acids. Such a response Is seen In a hypo
thermlc patient with bacteremla who received an lsuprel Infusion and 
was studied before and 45 minutes following drug administration 
(Table 2). This data adds supportive evidence to the thesis that 
stimulation of the adrenerglc nervous system may act as the neuro
endocrlne mediator for the post-traumatic metabolic alterations which 
are known to occur fol owing injury. Further studies wlll evaluate 
the long-term effects >f adrenerglc blockade In the post-traumatic 
course following major thermal Injury. 
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Cannul lion· of the external jugular vein with a polyethylene catheter pro

duced marked thrombophlebitis at ten days. Similar catheterization with a 

si las tic catheter produced minimal changes in the vein. Cultures of throm

bosed veins indicated an insignificant role of bacteria. A sequential analysis 

of the development of catheter thrombophlebitis is also described . 

Thrombophlebitis 
Suppur :1tive thrombophlebitis 
Dogs 

Longterm intravenous therapy 
Intravenous catheters 
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THROMBOPHLEBITIS--ETIOLOGY AND PREVENTION IN BURNED 
MILITARY PERSONNEL. THE ROLE OF CATHETER COMPOSITION 

IN THE DEVELOPMENT OF THROMBOPHLEBITIS 

The development of longterm intravenous therapy in medical and surgical 

patients has created the problem of iatrogenic thrombophlebitis, with its as

sociated morbidity and mortality. In several studies, the incidence of phlebitis 

varied from 13 to 39 per cent. Indeed, cultures of cathetE:r tips have demon

strated bacterial contamination in a large percentage of the catheters. 

Many factors may contribute to the development of thrombophlebitis in 

cluding (1) pH of infusate, (2) duration of infusion, (3) size of cannula (length 

and bore). (4) presence of bacteria, (5) infusate, (6) venous flow character 

istics, (7) skin preparation and tee nique of venipuncture, (8) catheter 

composition. 

The purpose of this study was to compare grossly and histologically the 

phlebitis producing properties of polyethylene catheters arid si lastic catheters . 

MATERIALS AND METHODS 

Twenty-one mongrel dogs of various sizes were anesthetized with nem

butal. Their necks were sh_aved and prepped, and bilateral venous cutdowns 

were made over the external jugular veins . An 18-gauge. four - inch poly

ethylene catheter was introduced in one vein. The end protruding from the 

vein was heat sealed and the skin incision closed with Michel clips . The oppo

site external jugular vein was then cannulated in a similar fashion with a 16-

gauge silastic catheter. The skin incisions were closed and the animals returned 

to the pens and randomly divided into three groups. 

The first group of 10 dogs was sacrificed at 10 days and the catheterized 

veins were excised, leaving the catheter in situ. The tissue specimens. each 

8-10 cm long, were fixed in 10 per cent neutral buffered formalin for 48 hours. 

Transverse sections at 1 cm intervals were embedded in paraffin and sectioned 

at 5 microns. Staining procedures included hematoxylin - eosin. Verhoeff-Van 

Gieson for elastic tissue, Masson's trichrome for connective tissue elements, 

and several types of bacterial stains. This al lowed evaluation of the effects 

of longterm catheter placemen t upon veins. 
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A second group of eight dogs were sacrificed in pairs on alternate even 

days following placement of the catheters. The veins were excised and pre

pared as above to allow examination of the pathogenesis of catheter thrombo

phlebitis. 

The remaining three dogs were sacrificed at day 10 and their necks pre

pared with a surgical prep. The catheterized veins, with the catheter in 

place, were excised aseptically and qua I itative and quantitative bacteriologic 

cultures we 1~e done. 

RESULTS 

The dogs, catheterized and subsequently sacrificed at 10 days, demon

strated striking gross anatomic difference between veins cannulated with the 

polyethylene and those cannulated with the si lastic catheters. The vein contain 

ing the silastic catheter showed a small amount of reaction and periadventitial 

fibrosis about the entry point of the catheter. The vein itself remained patent 

and a few mi II imeters proximal to the puncture site it appeared grossly normal. 

There was no impedance to blood flow. 

The veins catheterized with the polyethy ene catheter, on the other hand, 

were consistently thrombosed, fibrotic, and appeared as narrow cords, with 

very little if any observable blood flow . In addition, there was marked reaction 

about the length of the vein, necessitating en bloc dissection with surrounding 

tissue . 

Histologic examination confirmed the gross observations. The veins 

catheterized with silastic showed inflammatory reaction about the puncture site 

and often demonstrated formation of a small thrombus at the entry site. In 

contrast, the veins cannulated with polyethylene were extensively thrombosed. 

By the end of 10 days, there was sufficient reaction within the vein wall to 

render the thrombus firmly adherent to the inti ma. Recanal ization was well 

underway and myxomatous degeneration was present within the thrombus. 

The veins from the second group of dogs sacrificed at two-day intervals 

after catheterization permitted examination of the histogenesis of cathete,· 

thrombophlebitis. At two days, there was immature thrombus present in both 

veins. The clot in the vein cannulated with silatic was localized to the site 

of entry of the catheter in contrast to the vein contain ing the polyethylene 

catheter which contained clot extending for several centimeters from the puncture 



28-3 

site. By day 4, the thrombus about the polyethylene catheter was infiltrated 

by fibroblasts , and during the next four days there was progressive organiza

tion of the thrombus. By comparison. there had been little change in the vein 

containing the si l.1stic catheter . 

Approximately eight days after placement of the polyethylene catheter. 

recanalization had begun within the thrombus and there was sclerosis of the vein 

wall . At 10 days . the presence of myxomatous cells was noted with concomitant 

degeneration of the thrombus. Similar changes were noted within the veins 

containing the silastic catheters. In these veins, however, the process was 

localized and extended over mi II imeters rather than centimeters as in the v eins 

containing the polyethylene catheters. 

The three veins containing si lastic and three containing polyethylene 

cannulae were cultured . Of these. one containing silastic and two containing 

polyethylene catheters demonstrated growth .of staphylococci . The quantities 

involved ( 10
2

• 10
3

• 10
4 

bacteria/ml of tissue). however. lead one to believe this 

is the r esult of contamination rather than bacterial or suppurative thrombo

phlebitis . 

DISCUSSION 

Intravenous administration of fl u ids carried with it the risk of infusion 

thrombophlebitis . Numerous possible causes have been considered as con

tributing to the development of phlebitis. Fonkalsrud (Fonkalsrud EW : Clin 

Pediat 8: 135- 137, 1969) 
1 

considered six factors to be involved in the development 

of infusion phlebitis . There were : (1) pH; (2) duration of infusion, (3) size 

of cannula, (4) composition of infusion fluid, (5) presence of bacteria, and (6) 

composition of the catheter . Tse (Tse RL. Lee MW: JAMA 215: 642, 1971)
2 

al so believed that the pH of the infusion contributed to the development of phle

bitis. They found the pH of glucose solutions to vary between 4 . 40 and 4 . 70. When 

Fonkalsrud (Fonkalsrud EW, J Surg Res 8: 539- 543. 1968) 3 buffered glucose solu -

tions to a pH of 7. 4, there were fewer endothelial changes in the veins of dogs ad 

ministered the solution as compared to unbuffered solution . 

Hastbacka and coworkers (Hastbacka J. Tammisto T. Elving G , and 

Tiitinen P: Acta Anaesth Scand 10: 9-30, 1966)
4 

verified that the duration of 

infusion contributes to the development of phlebitis. They reported a two- fold 

increase in infusion phlebitis when the length of infusion was increased from 
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two to four hours. Size of the catheter. as well as the duration of infusion. 

was implicated by Swanson (Swanson JT. Rocky Mountain Med J 66: 48-51, 

1969) 5 who reported an overall incidence of phlebitis of 28 per cent. 

Coll ins et al (Coll ins RN. Braun PA. Zinner SH. Kass EH. New Eng J 

Med 279: 340- 343, 1968) 6report on bacterial contamination of polyethylene catheters 

used in patients. In their study. 39 per cent of the J:,>c:ttients developed phlebitis. 

Of those catheters removed from patients with phlebitis,43 per cent grew organisms 

upon culture and 19 per cent of the cases result .J in bacteremia. Norden (Norden 

CW: J Infect Dis 120: 611, 1969) 
7 

attempted to circumvent this complication 

by applying an antibiotic ointment to the catheter site. Four per cent of the 

catheter tips were culture positive regardless of treatment. In addition, he 

reported a higher incidence of Candida with the use of the antibiotic. A comparison 

of the incidence of thrombophlebitis in the US Army Institute of Surgical Research 

for the year 1969 with the year 1970 showed no difference although antibiotic 

ointment was used arou,,d catheter sites in 1970 . 

The Mle of catheter composition in thrombu.s formation was examined 

by Nejad (Nejad MS, Radiology 91 : 248-250, 1968). 8 He cannulated the carotid 

and jugular veins for 30 minutes with 10 centimeter lengths of catheters composed 

of teflon, polyethylene, and silastic. After removal of the catheters, he measured 

the amount of clot formed . He found the thrombogenic properties varied according 

to the manufacturer and catheter composition. 

In our study. there is no doubt that the polyethylene catheters produced 

a marked reaction both within the vein and in the periadventitial structures. 

All the veins cannulated with the polyethylene catheters were thrombosed by 

10 days. Those veins catheterized with si lastic, however. remained widely 

patent and appeared grossly normal. Because there was no infusion fluid, 

the diameter and length of the catheter co nposition played a signi icant role 

in the development of phlebitis . Culture results likewise do not appear to 

implicate bacteria in this model. Additional studies are underway to further 

evaluate the role of bacteria and flow to the development of infusion phlebitis. 

SUMMARY 

1. Twenty-one mongrel dogs had one external jugular vein catheterized 

with a polyethylene and the other with a si lastic catheter of equal length and 

diameter. 
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2. All the veins containing the polyethylene catheter were thrombosed 

at 10 days. 

3. The veins cannulated with the si las tic catheters were affected to only 

a minor degree . 

4. Thrombosis occurs by day 2 of catheterization in the veins containing 

polyethylene and progresses over the next several days. 

5. There is no progression of thrombosis in the veins containing the 

si las tic catheter . 

6. Culture of the veins reveals only minimal contamination. 
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Postburn edema of the upper extremity may cause severe functional 

and rehabilitation problems. The Jobst intermittent compression unit has 

been found to decrease edema and lymphedema in several pathologic 

conditions. Therefore, during the first 24 hours postthermal injury in 

8 patients with symmetrically burned upper extremities. the Jobst com

pression unit was applied to one of the arms for 48 hours in an attempt 

to decrease edema. Limbs treated with the Jobst unit showed a 

statistically significant decrease in edema when compared with limbs 

treated in a conventional manner. However, evaluation of hand function 

at 3 and 21 days postthermal injury revealed no significant differences 

between the two groups. 

Military. burn patients 

Phalangeal joints 

Intermittent compression Pos tburn edema 
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USE OF AN INTERMITTENT COMPRESSION UNIT TO 
DECREASE POSTBURN EDEMA IN A MILITARY POPULATION 

Normal muscle contraction in an extremity produces pressure that 

acts on lymphatics and venules, propelling lymph and blood proximally. 

A patient with a burned extremity has disruption of vascular integrity 

and also voluntarily immobilizes his arm, two factors that promote dis

abling edema. An intermittent compression unit has been found useful in 

reducing primary lymphedema and edema secondary to venous insufficiency 

and radical mastectomy. Circumferential, even pressure intermittently 

applied to the extremity simulates the milking action of muscle contraction. 

The purpose of this study is to evaluate an intermittent compression device's 

capability to prevent or reduce edema in the early postburn period. 

METHODS 

During th e firsl 4 hours posllhermal injury, 8 patients with bilateral 

symmetrical upper extremity burns were cleansed and debrided on admission. 

Measurement of the circumference of the proximal interphalangeal joints (PIP), 

distal palmar crease (DPC) and wrists were made with sterile unmarked 

aluminum tapes. Cotton swab cultures were taken of all hands. Each patient's 

burns were treated with Sulfamylon cream and one extremity, chosen ran

domly, was placed in the compression device for 48 hours. The opposite 

liinb was treated during this time in the usual manner with elevatioo,unlimited 

activity and splints app lied at night. At the end of 48 hours, the limb was 

removed from the device and circumferential measurements were repeated 

of both extremities. Both limbs were recultured and then treated with 

elevation and unlimited motion. Measurements of the range of motion of 

wrist and fingers were made of both hands on the third and twenty-first 

days postburn and on discharge. 

RESULTS 

Eight patients with symmetrical burns of the upper extremities were 

studied and the extremities treated with the intermittent compression unit 

showed a significantly greater decrease in edema compared with the contra

lateral arm treated in the standard Institute of Surgical Research fashion 
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(Table 1). Analysis of the data from these symmetrically burned extrem

ities revealed that limbs treated with the intermittent compression device 

showed a significant decrease in edema (Table 2), while the opposite limb 

showed no significant change in edema (Table 3). Significantly, the 

measurements of the range of motion of the wrist and fingers in the 8 

patients revealed no difference in function on the third or twenty-first 

day postburn. 

CONCLUSIONS 

Although the arms treated with the intermittent compression device 

were significantly less edematous on the third postburn day than the arms 

receiving the standard treatment, there was no difference in function then 

or on the twenty-first postburn day. Thus, this method of decreasing 

edema did not improve function in these patients, suggesting that the 

initial injury itself, with associated pain, is the main reason for decreased 

function, not the edema. Significantly, by the third week postburn no 

patient had chronically edematous hands regardless of initial treatment. 

Since the intermittent compression device does not improve function, is 

costly, and necessitates additional nursing care, its use is not advocated 

in burned patients. 

PRESENTATIONS 

Salisbury RE. "Management of Upper Extremity Edema Following 

Thermal Injury - Evaluation of Present Treatment" presented at Amer Assoc 

for Trauma, San Francisco, Calif. October 1972. 
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Previous work had indicated that sutilains enzyme was effective in 

debriding human burn eschar in vitro. The in vivo effect of sutilains in 

different ointment bases was investigated this year. 

Enzymatic debridement 
Eschar 
Thermal injury 
Rats 
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AN EVALUATION OF THE USE OF ENZYMATIC DEBRIDEMENT 
OF BURN WOUND ESCHAR TO DECREASE MORBIDITY IN BURNED TROOPS 

Enzymatic debridement of the burn wound represents an pproach 

to expeditious es char r emoval without the need for surgery or an an esthestic . 

The goal of this approach is to achieve early closure of the burned wound 

by prompt removal of the eschar. In theory, this approach could shorten 

the 3- 5 week period necessary for spontaneous es char separ Jtion . Earli er 

skin grafting and thus a more rapid convJ lenscence might be expected . 

Previous investigation has ind icated that sutilains is an effective 

enzyme in digesting human eschar in vitro . The purpose of thi s investi 

gation was to test the effect of sutilains in various ointment bases on its 

ability to debride 20 -· third degree burns in rats in vivo . 

METHODS 

Eighteen, 175- 185 gm, ma le , Spragu - Dawley rats wer e subjected 

to a 20% third degree scald burn on their backs . These rat wer e divided 

into 6 groups of 3 animals euch. Each group of anima ls was subj ected to 

twice-daily application of!; gm of the following preparations : Group 1, 

8200 units/gm of sutil ain in Plas tibase ointment R; Group 2, 8200 units / 

gm sutilain in Sulfamylon base ; Group 4, Plastibase ointment; Group 5, 

vanishing cream ointment; Group 6, Sulfamylon base ointment. These 

ointment pr 'parations were left open and not treated with dressings. 

Animals were graded on days 3 and 5 postburn in terms of per cent de

bridement achiev ed. The results are summarized in the following tabl e . 

It appears that in rats treated with open applications of equipotent 

enzyme preparations in di fferent bases, sutilain enzyme was most effective 

when incorporated in Plastibase (R) . This is the preparation which is 

commercially available. It should be noted, however, that both vanishing 

cream and the Sulfamylon base showed evidence of drying out in between 

applications . This was more pronounced when vanishing cream was used 

than when Sulfamylon ointment base w as used. This was surprising to us 

because sutilains is inactive in a petrolatum base such as Plastibase and, in 

effect, relies on the ability of i1 w et eschar to draw dry enzyme from the 

petrolatum base tn an aqueous phase . 
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It could be argued that the Plastibase serves as an occlusive dressing 

and as such would accelerate debridement by itself. Our ointment base 

controls showed no evidence of causing debridement within the short time 

limits of our experiment. 

CONCLUSIONS 

Twenty per cent third degree burns in live rats showed more rapid 

debridement when suti lain enzyme was used in Plastibase ointment than 

when sutilains wa::; used in either vanishing cream or Sulfamylon base at 

equal unitage_ per gram. Neither Plastibase, vanishing cream, or Sulfa

mylon base showed any evidence of causing debridement in our in vivo 

model when these ointments were us .d ""-'; thout added enzyme. The reasons 

for the relative efficacy of the enzyme in Plastibase were not investigated. 

However, considerable drying of the preparations made up in either 

vanishing cream or Sulfamylon base was noted. Such findings are com

patible with the relatively slow in vivo debridement noted using sutilains 

enzyme in vanishing cream or Sulfamylon base. Such observations make 

the possibility of mixing topical chemotherapeutic agents and sutilains 

in a water-based ointment less attractive unless the frequency of appli

cation would have to be increased to prevent such ointments from drying 

out. 

PRESENTATIONS and/or PUBLICATIONS 

None 
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23. (U) To inve ti ga t 
normal and burn d r L 

th t ran pl ntation biology of split-thickness skin grafts in 
wi th known AgB loci, for future application in burned soldiers. 

24. (U) Normal and burned Fi che r rat r ceived split-thickness and full-thickness 
grafts from Lewis and Bn donor s varying graft size, (2 x 2 cm, 4 x 6 cm), and second 
set reactions. 

25. (U) 72 07 73 06 Unburned Fischer ra ts receiving allografts from Lewis donors (weak 
AgB incompatibility) demonstrated rejection of split-thickness allograft at 11.5 days 
compared to rejection of full-thickness allografts at 15.2 days. Unburned Fischer 
rats receiving allografts from Bn donors (strong AgB incompatibility) demonstrated 
rejection of split-.thickness allografts at 10.4 days ci.>mpared to rejection of 
full-thickness allografts ~t 13.7 days. These studies suggest that split-thickness 
grafts are as irmiunogenic a full-thickness skin grafti and offer no advantages 
irmiunological ly over ful I-thickness skin grafts. 
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Permanent transplantation of skin is the ultimate coverage for 
extensive third degree burns. Although transplantation of kidneys and 
other organs has been accomplished with varying degrees of success, the 
skin has been the most difficult to transplant successfully. Medawar 
(Medawar PB, Bui. War Med. 4:1-4, 1943)1 demonstrated the transplantation 
biology of skin using small 0.6 cm2 11punc~ 11 grafts of full thickness skin. 
During the past 20 years the transplantation biology of full thickness 
skin grafts has been thoroughly investigated, h~ever, split thickness 
skin grafts have been examined only histologically. Billingham (Billing
ham RE, Cell lmnunol 2:1-12 1971) 2 and Steinmuller (Steinmuller D, 
Transpl. Proc 14593-6, 1969! and Steinmuller D, Hart EA, Transpl. Proc. 
3:673-675, 1971 ) described the main antigenic structures of allograft 
rejection to be vascular endothelium and passenger leukocytes. In ~plit 
thickness skin graft both of these determinants are quantitatively re
duced, thus the initial sensitization by allograft may be markedly re
duced and a split thickness skin graft may respond quite differently 
from a full thickness skin graft in its ability to induce antigenic 
response. 

Unburned Fisher rats rece1v1ng an allograft from Lewis donors, 
(weak AgB Incompatibility) demonstrated rejection of split thickness 
autografts measuring 4 x 6 cm at 11.5 days compared to rejection of 
full thickness autograft at 15.2 days. Unburned Fisher rats receiving 
an allograft from BN donors (stron AgB incompatibility) demonstrated 
rejection of split thickness autograft at 10.4 days compared to full 
thic~ne~s allograft at 13.7 days. The difference between rejection of 
split t~ickness grafts and full thickness grafts is most likely due to 
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the rejection evaluation procedure as the actual sloughing process was 
longer with the thicker skin. Although evaluation In burned animals 
remains to be elucidated, It would appear In Intact animals that t he 
antigenic stimuli necessary for graft rejection are present In split 
thickness autograft and produce standard rejection times. Further 
studies to elucidate the antigenic stimuli of split thickness autograft 
to produce second set rejection, enhancement, and effective l11111uno
suppresslon are presently being evaluated. 

Burn 
Skin Homograft 
Skin, Split-Thickness 
Allogenic Systems 
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THE IMMUNE RESPONSE TO SPLIT THICKNESS CUTANEOUS GRAFTS IN ALLOGENIC 
SYSTEMS - DEVELOPMENT OF WOUND COVERAGE TECHNIC FOR BURNED SOLDIERS 

The overall mortality of patients with thermal injury of more than 
60% of the total body surface has remained unchanged even with the advent 
of effective topical agents. The cause of death is usually related to 
infectlon--either burn wound or pulmonary. The usual approach to large 
severe thermal injuries is expeditious debrldement and closure of the 
burn wound to protect the patient from infection and return metabolic 
functions to normal. 

Allograft and porcine xenograft have been useful as temporary bio
logical dressings to protect the burn wound. However, they are still 
only temporary dressings and the problems of prolonged or permanent 
coverage of the larger burn wounds still exist. 

Permanent transplantation of skin is the ultimate coverage for large 
third degree burn wounds. Although transplantation of kidneys and other 
organs has been accomplished with varying degrees of success, the skin 
has been the most difficult to transplant successfully. Gardner at 
Bellevue Hospital in 1881 transplanted cadaveric allograft to a patient 
with severe electrical injury and had a 75% take. For the next 60 years 
there was continual debate about permanent cutaneous allotransplantation. 
Medawar (Medawar PB, Bui. War Med. 4:1-4, 1943)1 demonstrated the trans
plantation biology of skin but used small 0.6 cm2 11punch11 grafts of full 
thickness skin. During the past 20 years the transplantation biology of 
full thickness skin grafts has been thoroughly investigated, however, 
split thickness skin grafts have been examined only histologically. 
Billingham (Billingham RE, Cell lmnunol 2:1012, 1971)2 and Steinmuller 
(Steinmuller D, Transpl. Proc. 1 :593-6, 19693 and Steinmuller D, Hart EA, 
Transpl. Proc. 3:673-675, 19714) described the main antigenic structures 
of allograft rejection to be vascular endothelium and passenger leukocytes. 
In spilt thickness skin both of these determinants are quantitatively 
reduced, thus initial sensitization by allograft may be markedly reduced, 
and split thickness skin grafts may respond quite differently from full 
thickness skin grafts In their ability to induce an antigenic response. 
The purpose of this study was to investigate the transplantation biology 
of spilt thickness skin grafts in inbred rats with known AgB loci. 

METHODS 

Inbred strains of rats, (Fisher, BN and Lewis) weighing approximate
ly 200 to 250 gms were used for all experimental studies with Fisher rats 
being the recipient animals in all experiments. The BN to Fisher combi
nation has been shown to demonstrate strong histoincompatibility whereas 
Lewis to Fisher combinations demonstrate weak histoincompatibility. A 
full thickness skin defect measuring approximately 4 x 6 cm was 
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surgically created on the back of 40 Fisher rats. In group I (20 animals) 
the an i ma 1 s received grafts from Lewis donors wh i 1 e in group 11 (20 an i -
mals) the animals received grafts from BN donors. In each group ten 
animals received split thickness autograft taken with a Brown electric 
dermatome at a thickness of approximately 0.12 inches while the other 
ten animals received defatted full thickness grafts. All grafts were 
maintained in position with surgical clips and were not covered. The 
grafts were examined daily and rejection time was evaluated as a 50% 
slough of the graft. 

RESULTS 

Lewis to Fisher combinations: Ten animals received split thickness 
autograft with a mean rejection time of 11 .5 days+ 1.35. Full thickness 
grafts were rejected at a mean 15.2 :!:. 1.61. -

BN to Fisher combinations: Ten animals received the split thickness 
autograft with a mean rejection of 10.4 + 0.81 days. The 10 animals who 
received full thickness autografts underwent rejection at 13.7 :!:. 0.82 
days (Table I) 

DISCUSSION 

Although the study is still in progress, initial comparison of full 
thickness and split thickness autograft in inbred strains of rats with 
known AgB loci suggests no difference between split thickness autograft 
and full thickness grafts. The differences between rejection of split 
thickness skin grafts and full thickness grafts is most likely due to the 
rejection evaluation procedure as the actual sloughing process is longer 
in those with the thicker skin. Although the evaluation of antigenic 
response in burned animals remains to be carried out it would appear in 
intact animals that the antigenic stimuli necessary for graft rejection 
are present in split thickness autograft and produce standard rejection 
time. Further studies to define the antigenic stimuli of split thickness 
autograft, to produce second set rejection, enhancement, and effective 
immunosuppression are in progress . 
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TABLE I 

Split-thickness Allografts 

BN Fisher 

Lewis Fisher 

Full-thickness Allografts 

BN 

Lewis 

Fi sher 

Fisher 

Day of Rejection 

10. 4 + 0.81 days 

11 . 5 !. 1. 35 days 

Day of Rejection 

l 3. 7 !. 0. 82 days 

15. 2 !. 1 . 61 days 
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23. (U) Etoxadrol (CL1848C) • a new int ravenous, dissociative anesthetic s imi Jar in 
effect to ketamine, is under investigation concerning its efficacy in the anesthetic 
management of therma 1 ly injured troops. 

24. (U) Fifteen patients at the USAI SR are to be anesthetized with CL1848C without 
premedication except for atropine. 

25. (U) 72 07 - 72-10 Two patients have thus far received CL1848C. Anesthesia -appears identical to that produced by ketamine. Blood pressure is elevated. Ven ti la-
tion and arterial blood gases remain norma 1. Random movements are COITfllon, and muscle 
relaxation is poor. The patients appear to be awake but dissociated from the environ-
ment. In neither case was it possible to produce satisfactory anesthesia. In one, 
movement in response to pain, and in the other, vocalization and random movemen t s 
could not be overcome with addit ional doses of the anesthetic. Pos toper at i ve 1 y, 
dreams occurred in both patients, on occasion pleasant, and at other times, unpleasant. 
Sensory alterations, frequent I y reported with ketamine, occurred but were not prominent 
Analgesia was profound and of extended duration. The patients, however, did not feel 
completely recovered from anesthesia for 40 and 96 hours, pos toperat i vel y. The study 
was discontinued after manufacturers withdrew drug from clinical trials on the basis 
of our and others• similar results • 
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A short clinical evaluation of this new ketamine-1 ike anesthetic 
was conducted by the Anesthesia Section, US Army Institute of Surgi~al 
Research. Two patients who underwent burn wound debridement were anes
thetized with CL1848C, using total doses of 1.25 mg/kg and 2.25 mg/kg. 
lntraoperatively, the anesthetic appeared to produce effects similar 
to those of ketamine except that random movements of head and extremi
ties, and vocalization occurred, which could not be alleviated with 
additional doses of CL1848C, and which interfered with completion of 
the proposed surgery. Postoperative recovery was quite prolonged. The 
two patients did not feel completely ,,ormal until 40 hours and 86 hours 
postoperatively. Postoperative analgesia w~s good, but perceptual 
alterations, dreams, and fear of death made the recovery period un
pleasant. 

The study of this agent has subsequently been discontinued because 
of reports of prolonged emergence both here and at other institutions. 
A complete review of our experience, with case histories, was reported 
in the Annual Research Progress Report last year (June 1972). 

Etoxadrol 
CLI 848C 
Burn anesthesia 

* From the Department of Anesthesiology, Brooke Army Medical Center, 
Fort Sam Houston, Texas 78234 
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23. (U) Thermally injured soldiers with total body surface burns greater than 40% 
invariably have large increases in respiratory minute volumes (up to 70 L/min) and 

DA 

in tidal volumes (up to 30 ml/kg body weight). This study was undertaken to detennine 
whether this marked increase in ventilation is harmful to the lungs. 

24. (U) The effect of positive pressure ventilation for 6 hours with roan air to 
ventilator peak pressures of 40 cm H20 was studied using goats as the experimental 
model. Four controls without treatment, five controls receiving tracheostomy and 
ultrasonic humidification for 30 hours, and 4 ~xperimental goats receiving positive 
pressure ventilation then 24 hours of ultrasonic humidification, prior to sacrifice, 
were studied. 

25. (U} 72 07 - 73 03 Excised lung air and saline compliance curves have shown 
only minor inconsistent difference5 between these three groups, while surface tensi on 
balance studies of bronchial washings have revealed no changes attribut~ble to ven , i
lation. (a) Lung total phospholipids and lecithins were essentially the same fo r all 
three groups. (b) Lungs of ventilated goats demonstrated areas of atelectasis 
grossly, pulmonary edema and atelectasis histologically, and were heavier on a <1 1·ams 
per kilogram body basis than were the control lungs. Ventilation with large tidal 
volumes appears to have no effects on the pulmonary surfactant system of the gJat. 
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Thermally Injured patients with total body surface burns greater 
than 40% invariably have large increases in respiratory minute volumes 
(up to 70 L/min) and in tidal volumes (up to 30 ml/kg body weight). 
This study was undertaken to determine whether this marked increase in 
ventilation Is harmful to thP. lungs. 

The effect of positive pressure ventil a tion for six hours with 
room air to ventilator peak pressures of 40 cm H20 was studied using 
goats as the experimental model. Four controls without treatment, 
five controls receiving tracheostomy and ultrasonic humidification for 
30 hours, and four experi~ental goats receiving positive pressure ven
tilation then 24 hours of ultrasonic humidification, prior to sacri
fice, were studied. 

Excised lung air and saline compliance curves have shown only 
minor inconsistent differences between these three groups, while sur
face tension balance studies of bronchial washings have revealed no 
changes attributable to ventilation. Lung total phosphollplds and 
lecithins were essentially the same for all three groups. Lungs of 
ventilated goats demonstrated areas of atelectasis grossly, pulmonary 
edema and atelectasis histologically, and were heavier on a grams per 
kilogram body basis than were the control lungs. Ventilation with 
large tidal volumes appears to have no effect on the pulmonary surfac
tant system of the goat. 

Surfactant 
Surface tension 
Compliance 
Hyperventilation 
Goats 
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EFFECT OF POSITIVE PRESSURE VENTILATION WITH LARGE TIDAL 
VOLUMES ON SURFACE TENSION PROPERTIES OF LUNGS 

A study by Greenfield, et al, in 1964 fGreenfield LJ, Ebert PA, 
Benson OW, Anesthesiology 25:312-316, 1964) reported the effect of 
positive· pressure ventilation In dogs using very high tidal volumes. 
The pressures used during ventilation were those required to produce 
a palpable paradoxical pulse in the femoral artery. It was found that 
ventilation at this pressure (usually 26-32 cm H20) produced no change 
In surface activity of lung extracts obtained Immediately after the 
period of ventilation. However, extracts obtained 24 hours post
ventilation were noted to have a significantly elevated minimum sur
face tension, and the lungs were noted grossly to have patchy atelec
tasis and edema. Surface tension and gross examination of the lungs 
became progressively more normal when examined at 48 and 72 hours 
post-ventilation. 

Thermally Injured patients with total body surface burns greater 
than 40% invariably have large increases in respiratory minute 
volumes (up to 70 L/min) and in tidal volumes (up to 30 ml/kg body 
weight). This study has been undertaken to determine whether this 
marked increase in ventilation Is detrimental to the lung, and to con
firm or disprove the work reported previously. 

METHODS 

Angora goats were anesthetized with pentobarbital and tracheos
tomy performed. The animals were allowed to recover from anesthesia 
and then were allowed to breathe spontaneously for a period of 24 
hours utilizing ultrasonic ncbulization for humidification of the air
way. The experimental group (five goats) was subjected to ventilation 
using a Morch piston-driven ventilator at peak pressures of 40 cm H2o 
with room air h1.111idified to 100% relative h1.111idity at 37° C. for a 
period of six hours. Ventilator pressures were measured by a Sanborn 
differential pressure transducer connected to a T-tube extension of 
the cuffed endotracheal tube. Tidal volumes were measured Inter
mittently with a Stead-Wells 13.5 liter splrometer, and the volumes 
were corrected for internal compression of the ventilator and to 
BTPS. Carbon dioxide in quantities sufficient to maintain the arterial 
pC02 in the range of 25 to 35 torr was added at the 02 port of the 
ventilator. Following the period of ventilation, the goats were 
allowed to ventilate spontaneously again with ultrasonic humidification 
for a period of 24 hours. They were then sacrificed with potassium 
chloride, and the lungs were excised and examined grossly. 
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The left lung was weighed, and air and saline compliance deter
mined in the manner described below. The mainstem bronchus of the 
left lung was catheterized with a large bore plastic cannula. The 
lung was then placed within an airtight three-liter plastic box 
connected to a one-liter spirometer. The lung was inflated and de
flated with a constant-rate motor-driven syringe, allowing 30 sec
onds for the total respiratory cycle with air and 30 minutes with 
saline. Pressure was determined by a Sanborn differential pressure 
transducer with one limb connected by t-tube between the syringe and 
lung and the other limb connected to the plastic box containing the 
lung. Volume changes were determined by means of a potentiometer 
mounted on the spirometer. Both pressure and volume signals were 
amplified and recorded on a Sanborn four-channel recorder. 

The lungs were Inflated two or three times with pressures of 
30 cm H20 and then volume-pressure curves were recorded during the 
sµbsequent six respiratory cycles with Inflations to 20 cm H2o and 
deflations to 0 cm H20. Air compliance or total lung cnmpllance (Cl) 
was determined by the volume change during deflation from 15 to 5 cm 
H20 according to the method of Beckman and Weiss (Beckman DL, Weiss 
HS, J Appl Physiol 26:700-709, 1969), 2 The lungs were then Inflated 
with normal saline to the same volume obtained with air at 20 cm H20 
and deflated. The tissue compliance (Ctis) was calculated by dividing 
the volume change by the pressure change over the flat portion of the 
saline deflation curve (Beckman DL, Weiss HS, J Appl Physiol 26:700-
709, 1969) •2 

The compliance due to surface forces (Csurf) was estimated by a 
formula used by Beckman (Beckman DL, Weiss HS, J Appl Physlol 26:700-
709, 1969) . 2 

Because of unequal size among the goats, CL• Ctis• and Csurf were 
divided by body weight or by lung weight to obtain data that would be 
equi_valent from animal to animal. 

Sections of the right lung were taken for light and electron 
microscopy. Surfactant samples were obtained with transbronchial sa
line flush of the excised right lung and evaluated with a modified 
Wilhelmy balance and Langmuir trough a~ described by Comroe (Comroe JH 
Jr, In Ciba Foundation Symposium on Pulmonary Structure and Function, 
edited by AVS deReuck and H 0'Conner. Boston, Little, Brown & Co, 
1962, pp 176-185),3 The disc-driven barrier speed was 0 - 3,2 mm/sec. 
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Approximately 10 grams of tissue from the right lung was frozen 
and later analyzed for lung total phosphollplds and lecithin. Total 
lipids were extracted by the method of Weinhold (Weln!r>ld PA, Vllles 
CA, Blochemlca et Blophyslca Acta 106:540-550, 1965), and phospho
llplds were separated by a technique described by Ways (Ways P, 
Hanahan OJ, J Lipid Research 5:318-328, 1964).5 The phosphollpld 
extract· was separated chromatographlcally on silica gel H, using a 
chloroform-methanol-acetic acid-water solvent In volume ratios of 
25/15/3/0.75. The spot corresponding to lecithin was removed and Its 
phosphorus content was measured

6
by the method of Bartlett (Bartlett 

GR, J Biol Chem 234:466, 1959). Lecithin was estimated as 25 times 
the phosphorus content. 

Total phosphollpids were calculated from phosphorus content of 
the phospholipld extract. 

Five goats were used as controls and treated in the same manner 
as the experimental animals except that they were not subjected to the 
period of positive pressure vent 11 at Ion. 

Four other goats were sacrificed without treatment of any kind 
and their excised lungs were analyzed in the manner desc ri bed above. 

RESULTS 

One goat In the experimental group was noted after excision of 
the lung to have a severe bronchopneumonla which cultured Staphylo
coccus aureus, coagulase positive. The data from this goat was sub
sequently deleted from the study. 

The other four experimental goats received positive pressure 
ventilation for six hours at a mean peak pressure of 40.9 cm H20, 
The .mean tidal volume was 642 ml or 51.3 ml/kg body weight. The mean 
respiratory rate was 16.8 with an average expired minute volume of 
10,750 ml. 

Gross examination of the excised ·1ungs of the experimental group 
revealed a considerable amount of patchy atelectasis and occasionally 
emphysematous blebs appeared on the lung surface indicating that the 
degree of hyperinflation was great enough to produce alveolar wall 
rupture. 

1. 
was 
the 

Compliance data for the three groups of goats are given in Table 
Csurf for the experimental goats when divided by the lung weight 
0.134 ml/cm H20/gm as compared to a mean of .0162 ml/cm H20/gm for 
controls. This represents a decrease of 17%. Csurf divided by 
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body weight was .56 ml/cm H20/kg for experimental goats and .62 ml/cm 
H20/kg for experimental goats and .62 ml/cm H20/kg (10% decrease) for 
control animals. These diffe rences were not significant. The hyper
Inflated lungs were slightly h~avter on a gm/kg body weight basts, and 
the edema which this represents may have produced these small differ
ences In compliance. 

Hlstologlcally, experimental lungs had areas of atelectasts inter
spersed with sections of overdlstended alveoli. An Interstitial edema 
was present In all of the hyperinflated lungs, but this was of a mild 
degree and was occasl~nally found e en In control lungs. 

The qualitative activity of the surfactant determined by the 
Sllhelmy balance and Langmuir trough was well within the normal range 
for both the experimental and control goats. 

Quantitative assay of lung total phospholipids and lung leclthln 
(Table 1) revealed no significant differences between the control and 
experimental groups. 

SUMMARY 

Angora goats mechanically ventilated for a period of six hours 
with tidal volumes of 51 ml/kg body weight and ventilator peak pres
sures of 40 cm H2o had no significant differences in excised lung 
compliance or surfactant activity 24 hours after ventilation. The 
ventilator pressures used were extremely high and may have been r~
sponstble for the structural changes seen within the lungs, namely, 
overdistention of alveoli and atelectasis of adjacent areas of lung 
tissue. 

In conclusion, we have been unable to show consistent changes in 
lung surfactant fol lowing mechanical ventilation with large tidal 
volumes. The reason for the discrepancy between the results of this 
study and that by Greenfield (Gryenfield LJ, Ebert PA, Benson OW, 
Anesthesiology 25:312-316, 1964) are unknown. 
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Loss of the bacterial barrier properties of surgical drapes and gowns 

contributes to the postoperative wound infection rate of 7% cited by several 

studies. Standard cotton fabric drape~ become freely permeable to bacteria 

if they become wet. as do cotton gowns . Waterproof paper drapes are superior 

bacterial barrier but permit not only quantitative fluid "run-off" but instru

ment "slide- off". and can be torn during an operation, thereby losing their 

barrier property . 

A ynth ti drap with greater tensile strength than paper and bacterial 

barrier proper ti up rior to that of cotton has been evaluated. both clinically 

and in the labor tory . Th initial form of the drape showed excellent bacterial 

barri r pr, p rti ~ but con iderable flu~d "run- off". and less than ideal drap

ing charact ri · ti . In order to minimize those limitations. a synthetic fabric

cellulosic laminate wa con tructed. However, it appeared as if the softening 

process used to improve the draping characteristics of the material destroyed 

the bacterial barrier with ready passage of test bacteria through the drape 

material . 

An improved drape material has been produced during the past year 

consisting of a Spunbonded Olefin - cellulosic laminate which has been softened 

without loss of its bacterial barrier properties. This improved lan1inate has 

now been tested in the laboratory and found to be an excel lent bacterial 

barrier. Four hours of direct exposure of the laminate to broth cultures of 
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Enterobacter, Klebsiella, Providencia, Pseudomonas, and Staphylococcus 

aureus organisms resulted in no passage of these bacteria onto underlying 

culture media . Exposure of the Spunbonded Olefin material alone to similar 

broth cultures showed it to permit some passage of Klebsiella, Pseudomonas, 

and staphylococcal organisms. questionable passage of Providencia organisms, 

and no passage of Enterobacter organisms. The water - repellant cellulosic 

tissue alone exposed in similar fashion to broth cultures permitted passage 

of gross amounts of all organisms . 

Laboratory confirmation of the excel lent bacterial barrier properties of 

the improved laminate indicates that further clinical testing should now be 

carried out, as will be done over the ensuing year. 

Operating room based infections 

Surgi,:al gowns 

Surgical drapes 

Military burn unit 
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23. (U) Previous studies reported in th e Annual Res ea rch Progress Report 1972 
suggest that bi ca rbonate reabsorption in the proximal tubul e is not impaired in th e 
aldoste ron e def ici ent dug. Furthe r re lated studies wer e undertak en to e xamine the 
possible site of action of aldosterone in th e nephron, Studi es we r e also und e rtak en to 
access th e role of the renin-angiotensin-aldosterone system on th e generation of 
bicarbonate in th e chronic hypercapni~ dog as a mod e l of the injured soldier. 
24. (U) Study/ I The effect of adrenal insuffici ency on sod ium reabsorption in the 
ascending limb was evaluated by th e measurement of free water excretion and reabsorptior 
in normal animals who subsequently underwent bilateral adrenalectomy. 
Study #2 The rol e of the renin-angiotensin-aldosterone system on the generation of 
bicarbonat in the hypercapni c dog was accessed by p·lacing five mongrel dogs on a 
50 mEq sodium diet, then afte r a seven day control period placing these animals in a 
10% CO2 atmosphere for nine days and then allowing the dogs to recover for seven days 
in the normal atmosphere. During this period , serial plasma renin concentrations were 
measured as w II as plasma bicarbonate concentrations. The animals then underwent 
bilate ral adrenal ec tomy and the same procedure repeated in the aldosterone deficient 
state. 
25. (U) 72 07 - 73 06 Study #1 The evaluation of free water excretion and free 
water reabsorption in the normal and aldosterone deficient dog suggests that aldosteron1 
has no inhibitory effect on sodium reabsorption in the ascending I lmb. This study 
and the studies reported last year thus suggest that aldosterone exerts its major 
effect on sodium and bicarbonate reabsorption in the distal tubule of the dog nephron. 
Study 112 Results from this study suggest that -hyperaldosteronlsm Is not required for 
the generation of bicarbonate in the hypercapnic animal. 
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To examine the effect of mineralocorticoid deficiency on 

sodium transport by the ascending limb of the loop of Henle, free 

water clearance and reabsorption were measured in the same six dogs 

under conditions of aldosterone deficiency and mineralocorticoid 

sufficiency. Aldosterone deficiency was induced by bilateral adre

nalectomy with dexamethasone replacement. CH
2
o / 100 ml GFR ranged 

from 4.0 to 19,5 in the aldosterone deficient dogs and 4.5 to 18.6 

in the mineralocorticoid sufficient dogs. CH o / 100 ml GFR plotted 
2 

against V/100 ml GFR showed no significant difference between the 

two groups. TcH 0/100 ml GFR ranged from 1.2 to 6.5 in the mineralo-
2 

corticoid sufficient group and 2.4 to 8.5 in the aldosterone defi-

cient group. TcH
20

/l00 GFR plotted against Cosm/100 ml GFR revealed 

no significant difference between the two groups. Maximal urine con

centration in the mineralocorticoid sufficient group was 1356 mOsm/ 

kg t 254 (SD) and 1386 mOsm/kg ± 331 (SD) for the aldosterone defi

cient group; the difference is not significant, This study failed 
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to demonstrate any effect of aldosterone deficiency on renal con

centrating and diluting capacity; thus there is no detectable net 

effect of aldosterone on ascending limb sodium reabsorption. 

Aldosterone 
Potassium 
Hetabollc Alkalosis 

Chloride 
Extracellular Volume 
Humans 
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EFFECT OF CHLORIDE ANO EXTRACELLULAR VOLUME ON 
CORRECTION OF METABOLIC Al.KALOSIS - A COMMON 
PROBLEM IN THE INJURED TROOP 

The localization of action of aldosterone in the nephron has 

been quite controversial and has not been clearly defined. Recent 

studies (Kurtzman. NA, White MG and Rogers PW: J Lab Clin Med 77: 

931, 19711; Lynch RE, Schneider EG, Dusser TP, Willis LR and Knox 

FG: Clin Res 19: 539, 1971 2; Wright FS, Knox FG, Howaro ~ SS and 

Berliner RW: Mi J Physio1 216 : 869, 19693) suggest that aldosterone 

has no effect on sodium reabsorption in the proximal tubule. Most 

of the experimental evidence accumulated thus far suggests that a1-

dosterone acts on the distal tubule (Hierholzer Kand Stolte H: 

Nephron 6: 188, 19694 ; Vander AJ, Marvin RL, Wilde WS, Lapides J, 

Sullivan LP, and McMurray VM: Proc Soc Exp Biol 99: 323 , 19585); 

however, studies evaluating its action on the ascending limb are 

few and contradictory (Jick H, Snyder JG, Moore EW, and Morrison RS: 

Clin Sci 29: 25, 19656 ; Sonnenblick EH, Cannon PJ and Laragh JH: J 

Clin Invest 40: 903, 19617; Garrod 0, Davies SA, and Cahill G, Jr: 

J Clin Invest 34: 761, 19558). 

The present study was designed to evaluate the effect of al

dosterone on sodium reabsorption in the ascending limb of Henle's 

loop in the nephron of the dog by studying the effect of aldosterone 

deficiency on rena1 concentrating and diluting capacity. We reasoned 

that if aldosterone were necessary for sodium transport by the 
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ascending limb of the loop of Henle it's absence should result in 

impaired concentrating and/or diluting capacity of the kidney. 

METHODS 

Studies measuring solute free water excretion (CH 0) and 
2 

reabsorption (TcH
20

) were performed on each of six mongrel dogs 

in both the mineralocorticoid sufficient and aldosterone deficient 

state. These studies were performed on three healthy dogs receiving 

1.0 mg desoxycorticosterone acetate (DOCA) daily, then repeated after 

bilateral adrenalectomy while receiving only dexamethasone 0.75 mg 

daily. The same studies were also performed on three bilaterally 

adrenalectomizcd dogs receiving parenteral DOCA 1.0 mg, and dexa

methasone 0.75 mg daily, then repeated on the same animals while 

receiving only dexamethasone 0.75 mg daily. Thus two groups of 

mineralocorticoid sufficient and aldosterone defi ient dogs were 

studied, each dog being studied on four separate occasions with a 

total of 24 experiments being performed. Free water reabsorption 

was also studied in four normal dogs not given exogenous desoxycorti

costerone prior to the study and not given ADH during the study. 

This group was studied to see if the small dose of exogenous DOCA, 

given to insure adequate amounts of circulating OOCA caused some 

degree of volume expansion and resultant inhibition of sodium reab

sorptlon in the ascending limb. AOH was not used in this group of 
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animals since pharmacologic doses have been shown to cause a natriuresis 

possibly by inhibiting sodium reabsorption in the ascending limb (Crabbe 

J: · c1 in Sci 23: 39, 1962 11 ; I urtzman NA and Rogers PW: Cl in Res 20: 

600, 1972 12). Dogs in the aldosterone deficient state were allowed to 

develop hyperkalemia and mild metabolic acidosis after adrenalectomy to 

make certain that adrenal insufficiency had been induced. The dogs were 

treated with OOCA and allowed to recover prior to the study. A minimum 

of 10 days was allowed between studies on the same dog. All dogs were 

weighed daily. 

All the dogs studied during water diuresis were placed on a 

11 ze ro11 electrolyte diet identical to that described by Cohen (Cohen 

JJ: J Cl in Invest 47: 1181, 1968)13to which 50 mEq NaCl were added daily. 

Water ad 1 ibitum was given for three d~ys prior to the study. OOCA was 

withheld for 96 hours prior to those studies done in the aldosterone 

deficient state. One hour prior to beginning the study 50 ml of water 

per kg body weight was administered via a nasogastric tube. Water 

diuresis was maintain~d by the continuous intravenous infusion of 0.45% 

saline at 1.0 ml/kg/min for 20 minutes and then the rate of infusion 

was varied fran 0.25 to 1.0 ml/kg/min. The urine osmolality was less 

than 75 mOsm/kg prior to initiation of the 10 minute collection period. 

All dogs studied during solute diuresis were placed on the same 

"zero" electrolyte diet to which 50 mEq per day of NaCl were added for 

three ·days prior to the study. Water was withheld 48 hours and food 



35-4 

withheld 24 hours prior to the study. On the day of the experiment, 

five units of vasopressin in oil were injected intramuscularly two 

hours before the study was started, thereafter a continuous infusion 

of SO mU/kg/hour of aqueous vasopressi was given. Solute diuresis 

was achieved by infusing 5% saline; the rate of Infusion was varied 

from 0.5 to 5.0 ml/minute. Collection periods were 10 minute~ in 

length. Solute diuresis in the normal group of dogs not given DOCA 

and ADH was otherwise achieved In th£ same manner as just described. 

All studies were performed while the dogs were lightly anesthe

tized with sodium pentobarbital. An endot~acheal tube fitted with 

Inflatable cuff was placed In th~ trachea and connected to a Bird 

respirator. The Pc 02 was maintained between 35 and 45 ITl1l Hg. Arte

rial blood samples were obtained anaerobically via an arterial cath

eter in the femoral artery. Urine was collected from an indwelling 

bladder catheter. 

The serum and urine osmolalities were measured wi~h an Advanced 

Instruments Osmometer. The partial pressure of co2 in blood and 

glomerular filtration rates were determined by methods previously 

described (Kurtzman, NA: J. Clin. Invest 49: 586, 1970) 14• Values 

of Cosm• CM..Q• and Tc were computed in the usual manner. 
·~ H20 

RESULTS 

Free Water Clearance Representative experiments during water 

diuresis in the same dog (IG4) under condition~ of mineralocorticoid 
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sufficiency and deficiency are shown in Tables I and II respectively. 

Only small differences in urine flow(V), COsm, cH
2

o, and GFR for both 

states are present. 

Figure I plots CH2o/100 ml GFR against V/100 ml GFR for the entire 

group of animals in both the mineralocorticoid sufficient and aldoster

one deficient state. Aldosterone deficiency has no effect on the 

relationship of cH20/100 ml GFR to V/100 ml GFR. The regression line 

for the data obtained during the mineralocorticoid sufficient state 

is Y = 0.43 + 0.73X compared t Y = 0.54 + 0.71X for the aldosterone 

deficient group of dogs. The r value for both groups is 0.94. Deter

mination of the difference between two linear regressions ~~ing the 

Student t test failed to demonstrate any statistical difference between 

the two groups (Steel RGD and Torrie JH: New York,McGraw-Hill Book Co. 

15 Inc. , 1960, p. 173.) 

Free Water Reabsorption 

TcH 
O 

was examined in the same dogs utilized for evaluation of 
2 

solute-free water excretion. Again, studies were performed in both 

the mineralocorticoid sufficient and aldosterone deficient state. Repre

sentative experiments during solute diuresis under both conditions of 

mineralocorticoid sufflcinecy and deficiency performed on dog IG4 are 

presented in Tables III and I 

slightly In both states. 

Cosm and TcH 01100 ml GFR vary only 
2 

Figure 2 

data obtained 

plots Tc /100 ml GFR against rosm·1100 ml GFR using the 
H20 

from all six dogs. Aldosterone deficiency has no effect 
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the regression line for the data from th~ normal group is Y = 1.19 

+ 0.29X as compared to Y = 1.81 + 0.25X in the aldosterone deficient 

group. The r value is 0.93 in the mineralocorticoid sufficient group 

and 0.92 in the aldosterone deficient group. Regression analysis by 

the method described above demonstrated no significant difference 

between the two groups. 

The regression line for the normal dogs not given DOCA or ADH 

ls Y = 2.13 + 0.26X. Determination of the difference between the 

two linear regressions from the mineralocorticoid sufficient dogs, 

given D0CA and ADH and the normal group of dogs, not given D0CA and 

ADH, using the Student t test failed to demonstrate any statistical 

difference between the two groups. Thus the physiologic doses of 

D0CA administered to the normal dogs studied in the mineralocortlcoid 

sufficient state resulted in no impairment of sodium reabsorption and 

and T formation as measured with these clearance techniques. 
CH20 

The administration of ADH during solute diuresis also apparently 

had no effect on Tc 
0 

formation since regression analysis showed 
H2 

no difference between the mineralocorticoid sufficient dogs given 

50 mU/kg/min ADH during the study and the normal dogs in which the 

ADH infusion was not administered. 

Maximal urinary concentration in the mineralocorticoid defi

cient group was 1356 m0sm/kg t 254 (SD) and 1386 m0sm/kg t 331(SD) 

in the aldosterone deficient group. This difference is obviously 
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not significant. DOCA treatment did not result in weight gain in 

any of the dogs studied. 

DISCUSSION 

Although the effects of aldosterone on electrolyte excretion 

are well known (Yunis, SL, Bercovitch DD, Stein RM, Levitt MF and 

Goldstein MH: J Clin Invest 43: 1668, 196416 ; Bartter FC: Metabolism 

S: 369, 1956!7; Ross EJ, Reddy WJ, Rivers A, and Thorn GW: J. Clin 

Endocrln 19: 289, 195918 ; Mills JN, Thomas S, and Williamson KS: J 

Physiol 151: 312, 196019; Pitts RF: Transactions of the Third Con

ference on adrenal cortex of the Joshia Macy Jr. Foundation. Progress 

Assn. Inc., Caldwell, NJ, 1952, p 11. 20) there has been much con

troversy with respect to the specific site of action of aldosterone 

in the nephron. Several Investigators have suggested a defect in 

proximal tubular sodium reabsorptlon following adrenalectomy (Stolte 

H, Wiederholt Mand Hierholzer K: Berlin/Heidelberg/New York, Springer 

1966, p.521. 21 ; Cortney MA, Physiologist 9: 158, 196622 ; Hierholzer 

K, Wiederholt Mand Stolte H: Pfuegers Arch Ges Physiol 291: 43, 

1966
21. Recent studies by Kurtzman, White, and Rogers( Kurtzman, et 

al, 1971) 1 have provided inferential evidence that aldosterone defi

ciency results in no significant net depression of proximal sodium 

reabsorption. Wright, Knox, Howards, and Berliner (Wright, et al, 

1969) 3 using direct measurem~nts failed to demonstrate any effect of 

selective aldosterone deficiency on sodium reabsorption in the proximal 

tubule. 
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Since there Is ugg tlv • •, Id n that aldosterone may Inhibit 

sodium reabsorptlon In th · J 

bllck, et al, 1961 7; Grabbe, 

n<llng limb of Henle's loop, (Sonnen-

9 10 t al, 1962; Kessler, et al ) further 

studies were Indicated to determine If this segment of the nephron Is 

responsive to the influence of aldosterone, 

This study was designed to measure the effect of aldosterone 

deficiency on the ascending limb of Henle's loop in the nephron of 

the dog by measurement of solute-free water clearance and reabsorp

tion. Utilizing this model Involves several critical assumptions: 

first that cH
2
o Is a reasonable index of sodium reabsorptlon In the 

diluting segment; and second, that urine flow is approximately equal 

to the delivery of filtrate to the ascending limb of Henle's loop 

(Seldin OW, Eknoyan G, Suki WN and Rector FC, Jr.,: Ann NY Acad Sci 
24 

139: 328, 1966) • There may be possible sources of error In those 

ass1.1nptl ons In that back diffusion of water out of the collecting 

duct would reduce cH
2
o not because of decreased sodium reabsorptlon 

but ~ecause of Increased loss of free-water. This back d' ffuslon 

Is minimal, however, with maximal support of ADH as was accomplished 

In this study with lnltlal urine osmolalltles less than 75 mOsm/kg. 

The use of TcH
2
O as an Index of sodium reabsorptlon In the ascend

Ing limb also may be somewhat hazardous since Increased delivery 
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of fluid to a normally functioning ascending limb would result in 

the entrance of large volumes of hypotonlc fluid Into the collecting 

duct. With this increased flow rate there may be poor equilibration 

between the fluid in the collecting duct and medullary interstltium 

resulting in the excretion of urine which is less concentrated pro

bably due to poor equilibration. Thus the calculated value for 

TcH 
0 

may be falsely low and would underestimate the magnitude of 
2 

sodium reabsorptlon in the ascending limb during rapid rates of 

solute diuresis. Experiments utilizing hypertonlc saline, however, 

tend to eliminate this possibility as the cause of impaired TcH
20 

(Martinez-Maldonado H, Eknoyan G, and Suki WN: Am J Physlol 218: 

1076, 1970) 25. If aldosterone had a stimulatory effect on sodium 

reabsorption in the ascending limb of the loop of Henle the clear-
• 

ance of solute free water during water diuresis and the reabsorptlon 

of solute free water at any level of urinary flow or osmotic clear

ance respectively would be depressed In Its absence. Although this 

study was designed to minimize erro~s In the measurement of CH
2
o 

and TcH 0 in the presence and absence of aldosterone a small effect 
2 

of aldosterone on sodium reabsorption might be missed using these 

clearance techniques. 

Since our data failed to demonstrate any effect of aldoster

one deficiency on free water clearance and reabsorptlon, or on 
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maximal urinary concentration, we conclude that aldosterone exerts 

no gross effect on sodium reabsorption in the ascending limb of the 

loop of Henle. Another way that a depressive effect of aldosterone 

deficiency on ascending limb of the loop of Henle. Another way that 

a depressive effect of aldosterone deficiency on ascending limb 

sodium rea~sorptlon might be missed would be for OOCA administration 

and/or saline administration to expand extracellular volume. This 

volume expansion might result in depressed sodium reabsorption by 

the ascending limb of the loop of Henle so that the results obtained 

In our control animals were really depressed values secondary to 

volume expansion. When these results were compared with those ob

tained from the aldosterone deficient animals no difference would 

be discernible and If volume had not been expanded there would have 

been an apparent difference between the control and aldosterone defi

cient groups. We think that this series of events played no role in 

o~r study for the following reasons. First none of our animals 

gained weight while receiving OOCA. These animals received only 

I mg/day of OOCA. Our experience Indicates that for adrenalectomlzed 

animals weighing 7.5 to 15 kg a malntnenance dose of OOCA is 0.5 to 

1.0 mg/day. The dose of OOCA required for volume expansion Is 1 mg/kg 

or more. Thus, it Is unlikely that volume expansion occurred In any 

of our animals. 
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Second, If the curves obtained in this study from plotting 

CH20/GFR VS V/GFR ar~ compared to those of other investigators who 

did not give DOCA to their animals and who administered 0.45% saline, 

0.125% saline, or 2.5% glucose (Seldin, et al, 196624 ; Martinez, et 

al, 197025 ; Eknoyan G, Suki WN, Rector FC, Jr and Seldin OW, J Clln 

Invest 46: 1178, 196726) it is found that In each Instance CH
2
0 at 

any level of Vis equal or greater in our animals than it Is in 

the others, indicating that ascending limb reabsorptlon In our an

imals was not depressed. Similar results are obtained if one com

pares our TcH 
O 

data with that of others (Seldln,et al , 196624; 
2 25 Martinez, et al , 1970 ). 

Third, Barton and co workers (Barton LJ, Lackner LH, Rector 

27 FC,Jr., and Seldin OW: Kidney Int'nl 1: 19, 1972) have recently 

demonstrated that in the dog extracellular volume expansion (with 

DOCA and saline) does not depress sodium reabsorptlon in the dilut

ing segment of the ascending limb Indicating that even If volume 

had been expanded it w,uld not have Influenced our results. 

The Information presented in this study when added to that 

which demonstrates no effect of aldosterone on proximal sodium 

reabsorption In a localized segment of the distal tubule (pre

Sl.ll'lably the sodium for potassll.ll'I exchange site). Thus under the 

Influence of aldosterone sodium Is reabsorbed In exchange for either 
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with adrenal Insufficiency may be the consequence of either In

hibition of vasopressin release from the neurohypophysls (Ahmed 

AB George BC,Gonzalez-Auvert C, and Dingman OF: J Clln Invest 46: 
28 

111, 1967) or a direct effect of glucocortlcold on renal tubular 

8 permeab 111 ty (Garrod, et a I, 1955) • 
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There is evidence that the renin-angiotensln-aldosterone system 
plays a role !n the generation and maintenance of metabolic alkalosis. 
To examine the importance of this system for renal compensation of 
chronic respiratory acidosis, we examined the plasma renln activity 
(PAA) and serum HC01 response of 5 dogs in the intact and adrenat
ectomized (ADX) state in a continuous 10% CO2 environment. 

Mean control serum Hco3 and arterial pH for intact dogs were 
22.4 mEq/L and 7.42 respectively. After three days of hypercapnia, 
mean serum HC03 of 33.0 mEq/L and mean arterial pH of 7.30 were ob
tained. After ADX, the mean control serum HCO~ and arterial pH were 
22.7 mEq/L and 7.44 respectively. During chronic hypercapnia the 
serum Hco- was 32.4 mEq/L and the mean arterial pH was 7.31. The 
mean PAA 1or the control period in the intact dogs was 0.67 ng/ml/hr 
and 2.62 ng/ml/hr for the experimental period (N= 1-3 ng/ml/hr). After 
ADX mean PRA was 7.94 ng/ml/hr in the control period and 8.48 ng/ml/ 
hr during the experimental period. Increased PAA in the adrenalectomlzed 
animals was probably due tc mild intravascular volume contraction. 

The changes in the serum HC03 and arterial pH aftPr chronic 
hy0ercapnla showed no significant difference between the intact and 
adrenalectomized dog. 
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THE ROLE OF THE RENIN-ANGIOTENSIN-ALDOSTERONE SYSTEM IN 
ADAPTATION TO CHRONIC HYPERCAPNIA IN DOGS 

This experiment was undertaken to determine the role of aldos
terone in the elevation of serum bicarbonate which occurs in animals 
and man during the compensation of respiratory acidosis. New 
bonate is generated in the kidney during aldosterone enhanced hydrogen 
ion secretion in the distal tubule. This process occurs during metabolic 
alkalosis associated with primary and secondary aldosteronism. The 
mechanism of generation of bicarbonate during adaptation to chronic 
hypercapnia is not known. 

METHODS 

Five dogs were studied In environmental chambers in a normal, 
then 10% CO atmosphere. Thy were s tudied in the intact and then in 
the adrenalictomized state. A L r adrenalectomy, the dogs were placed 
on maintenance dexamethason nrl de oxycorticosterone consisting of 
0,75 mg and 0.5 mg IM daily, r spe tlvely. Sodium, chloride, and potas
sium balances were performed and serial plasma renin measurements were 
obtained during the control and experimental periods. 

RESULTS 

Shown in Figure I are the ualance data from a representative dog 
during the control and experimental periods, Hean serum bicarbonate 
levels were 22.4 mEq/L 'n the control period and 33.0 mEq/L with hyper
capnia in the intact dog and were 22,7 mEq/L and 32.4 mEq/L respectively 
in the adrenalectomlzed state. The mean plasma renin activity in the 
normal dog was 0.6 ng/ml/hr during the control period and 2.62 ng/ml/hr 
during the experimental period. After adrenalectomy the mean renin con
centration was 7.94 ng/ml/hr during the control period and 8.48 ng/ml/hr 
during the experimental period. The increase in plasma renin concentra
tion during the aldosterone deficient state is probably related to mild 
extracellular volume contraction. Statistical analysis of these data 
by analysis of variance suggests significant difference between the 
Intact and adrenalectomlzed dog. 

CONCLUSION 

This study suggests that aldosterone plays no role, in the dog, 
in elevating serum bicarbonate during compensation for hypercapnia. 
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a nti-d iure ti c ho rmo ne (A DH ) a n d p r os t ag l a nd ln El ( PGEl ) on r e n a l bi ca rbona t e 
r eabso rption in th e dog. 
24 . (U ) Study H I 50 rnU/ kg / min a nd 50 mU/ kg/ hr of vasopre ss ln (ADH) w r infu 
a nt i-d i u r e ti c mong r e l dogs . Study f 2 PGEl was In f used into the ri ght r na l a r t 

d into 
ry a t 

the rate of 2u g/ min. Bo th ure t e r s we r e cann u l a t ed s o th a t th e 1 f t k i dn y se rv 
th e contro l. 0.9M sod ium bi c a rb o n a t e was in f used to ma int a in a p l asm? bl ca rbo n a t 
c o ncentra tion of a pproxi mate ly 30 mEq /liter . 

as 

25 . (U ) 72 07 - 73 06 St ud y I The in fusi n of vasop r es s ln ( ADH ) \vas found to b 
m r ked ly c hl o rure ti c wi t h a fr act i ona l chl o ri de xc r e ti on going f r om a cont ro l v a l u 
0 . 9% p lu s o r minu s 0, 31 (SE) t o 11.1 p l us o r minu s 2.2 (SE) . ADH in fus •d into 
bi c a rb ona t e l oaded ogs was e v e n mo r e c hlo rure ti c with the f r ac ti o n a l ch l o ri d · 
ri s ing f r om 1.9 p lu s o r mi nus 0 . 3 t o 20 . 2 p l us o r minus 7.7. Bi a r bona t e and 
r eab so r ption v-,as no t inhi b ite d by ADH in f us i o n ; howeve r , phos p h a t r eab o r p ti o n wa 
ma r ked l y d e p r e s sed with ~h f r act i n phospha t xc r e tion ri s in g f r om a ont ro l v a l u 
of 18 .5% p l us o r min us 10 . 6 t o 55 . T/ p l us o r min u 8 .9 during th in f us ion. Th 
da t a s ugg c t th a t ADH , in l a r g dosag i s a d i u r t i c on th ord r of po t nc y of 
e t hy ac ryni c ac i d. It s m i n s i t of act ion in th ne ph ron i s 1 i ke ly the as nd ing 
o f the l oop f H nl c r a th r th n the p rox i ma l tubu l e . Study // 2 Th e d a ta 11 t 
t h u f r on t h in fus ion o PGE I int t h r i gh t r n a l art ry s u gges t th PGE I h .:i 

f c t r cabsorpt i o n a lt ho ugh th e r i s a mil d na ti u r- s i s and a mil 

o f 

p 
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ABSTRACT 

PROJECT NO. 3A061l02B71, RESEARCH IN BIOMEDICAL SCIENCES 

REPORT TITLE: THE EFFECT OF INFUSION OF PHARMACOLOGIC AMOUNTS OF 
VASOPRESSIN ON RENAL ELECTROLYTE EXCRETION 

US Army Institute of Surgical Research, Brooke Army Medical Center , 
Fort Sam Houston , Texas 78234 

Period covered in t h is report: July 1972 - 30 June 1973 

Investigators : Neil A. Kurtzman , MO, Lieutenant Colonel , MC 
Philip W. Rogers , MD , Major, MC 

Aqueous vasopressin was infused to bicarbonate and glucose 
loaded dogs and to unloaded antidiuretic dogs in doses of 50 mu/ 
kg/min or 50 mu/kg/hr. Both of these doses caused a marked in
crease in sodium, chloride and water excretion , the larger dose 
raising the fractional excretion of these ions from 0-2% to more 
than 20%. Blocking the pressor effects of these doses of vaso
pressin with sodium nitroprusside did not alter the marked natri
uretic and chloriuretic effect of vasopressin. The diuretic 
effect of vasopressin was not associated with a fall in filtra
tion fraction. The maximal rate of bicarbonate and glucose re~b
sorption was not depressed by vasopressin infusion; fractional 
phosphate excretion, however, was markedly increased by vasopres
sin, reaching values in excess of 50 %. Inhibiting distal hydro
gen ion secretion by inducing selective aldosterone deficiency 
failed to uncover a vasopressin induced inhibition of proximal 
bicarbonate reabsorption which might have been masked by increased 
distal bicarbonate reabsorption. This study demonstrates an 
exceptionally potent diuretic action of vasopressin when admin
istered in pharmacologic doses. This diuretic action manifests 
itself by markedly increasing urine volume as well as electrolyte 
excretion and is seen in antidiuretic animals as well as those 
undergoing solute diuresis. 

Bicarbonate Reabsorption 
Sodium 
Extracellular Volume 
Potassium ADH 
Burned Soldiers 
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THE EFFECT OF INFUSION OF PHARMACOLOGIC AMOUNTS OF 
VASOPRESSIN ON RENAL ELECTROLYTE EXCRETION 

Vasopressln has been known for some time to cause a natrl
uresls as well as to increase the excretiyn of other cations 
(Sawyer WH, Amer J Physlol 169: 583, 1952 ; Anslow WP, and 
Wesson LG, Jr, Amer J P~ysiol 182: 561, 19552; Ali HN, Brit J 
Pharmacol 13: 131, 19~8; Brooks FP and Pickford H: J Physlol 
London 142, 486, 1958; Thorn NA andHilewski 8: Proc Soc Exptl 
Biol Med 100: 267, 19595; Sawyer WH: Pharmacol Rev 13: 225, IJ6l 6; 
Chan WY and Sawyer WH: Proc Soc Exptl Biol Med II0:69i• 1962; 
Kramar J and Grinnell EH: Amer J Hed Sci 252:53, 1966 ; Grinnell 
EH, Kramar J, Duff WH and Lydon TE: Endocrlnyiogy 83: 199, 19689; 
Lindeman RD: Ann NY Acad Sci 162: 802, 1969 ; Atherton JC, Hal 
MA and Thomas S: Arch Ges Physiol 310: 281, 196911; Humphreys 
HH, Friedler RH, and Earley LE: Amer J. Physiol 219: 658, 1970 12 ; 
Hartinez•H,)donado, H, Eknoyan G a~d Suki WN: Amer J Physiol 220: 
2013, 1971 3), This natrluresls Is rapid in onset, of brief 
duration, a~d said only t2 occur during water diuresis (Anslow 
WP, and

4
Wesson LG Jr, 1955 ;Ali HN, 19583; Brooks FP and Pick~ord 

H, 1958; Chan WY and Sawyer, 19fj7;Humphreys fitt,et al, 1970 1 ; 
Hart Inez-Ha I donado, H, et a I, 1971 ) . The magn I tude of the in
crease in sodium excretion resulting from vasopressln adminis
tration is not great. 

The site in the nephron at which sodium reabsorptlon is 
inhibited is proximal to the site at which potassium Is secr,ted. 
Both the proximal tubule(Hartinez-Haldonado,H, et al, 1971) 
and the ascending limb of the loop of Henle (Humphreys HH, et al, 
1970)12 have been postulated as being the site at which vasopressin 
exerts its natriuretlc effect. 

The current studies were initiated to examine the natrluretlc 
effect of vasopressln in further detail by using much larger amounts 
of the hormone than have previously been administered. We reasoned 
that by Infusing pharmacologic dose~ of vasopressln we might ex
aggerate Its effects on both electrolyte and water handling by 
the kidney which would allow us to more precisely separate the two. 

METHODS 

Eleven groups of dogs were studied as follows. The first 
group of four animals recelv~d 0.9 H NaHC03 at I ml/min and 0.15 
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M NaCl at 0.4 ml/min. After a 60 minute equilibrium period 2-4 
control cl earance periods were obtained. The infusion of 0. 15 M 
NaCl was then stopped and an infusion of aqueous vasopres s in 
{Aqueous PitressinR Parke-Davis) in 0.15 M NaCl substituted for 
it. Vasopressin was infused at a flow ra t e of 0.4 ml/min and at 
a concentra t ion sufficient to deliver 50 mu/kg/min; 4-8 experi
mental periods were obtained. Vasopressin infusion was then 
s topped and 0.15H NaCl was infused in its place at a flow rate 
of 0.4 ml/min; 3-8 post experimental periods were obtained. Fluid 
losses were replaced with a solut ion containing three parts dis
tilled water and two part s Ringer' s lactate. This fluid replace
ment was not started until after the conclusion of the second 
experimental period. All clearance periods were ten minut e s in 
duration. 

econd group of seven dog s was studied in a fashion iden
tical to the first except that th e blood pressure was kept at 
control levels by the infusion o f sodium nitropruss ide. Thi s 
solution contained 120 mg of nitroprus s ide dissolved in 250 ml 
of 5% dextrose in H20, The tot a l mount of nitropruis s ide so
lution infused to a single dog ne ve r exceeded 5 ml . 

The third group of fi ve dog was s tudied exact ly as wa the 
first save that t he dose of va so pres s i n infused wa s SO mu/~ g/ho ur . 

The fou r th group of five dugs was s t ud i ed exact ly a wa 
the second save that t he dose of vasopress in infused wa s 50 mu / 
kg/hour. 

The fifth group of seven dog was st ud ie d exac t ly as wa the 
first xcept that Ringer's lac tate was in f used at I ml/mi n i n 
place of 0.9 M NaHC03 ; f luid r e pl acement wa s vJi t h undi l ut ·d Ringer's 
lactate. The control period s were o f 20 min utes dur t ion i n t hi s 
group. 

Th e s ix t h group of four dog s was s t udi d a s wa s t he i f h 
except tha t t he blood pre ssure \<J con t roll ed with od ium n i t ro
prusside . 

The seventh group of four dogs wa s st udied 
t he fi fth except t hat t he dos of vasopress i n wa 
mu/ kg/h r . 

cc 1 y s \<Ja 

red uced to 50 

The e ighl group of four dogs was s t ud ied s w s h v nt h 
sa v th ~t he b lood pressure wa contra il d wi th sodium n i l ro 
prus id . 
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The ninth group of seven dogs was treated identically to the 
fifth group except that 20% glucose was infused at 2.3 ml/min 
instead of Ringer's lactate at 1 ml/min. 

The tenth group of seven dogs was studied as was the first 
group except that the animals had previously been subjected to 
bilateral adrenalectomy. For at least two weeks following surgery 
they were maintained with daily injections of 0.5 mg of desoxy
corticosterone acetate {DOCA) and 0.75 mg of dexamethasone. No 
DOCA was given 96 hours prior to surgery; we have previously shown 
that this procedure results in selective aldosterone deficiency 

14 (Kurtzman NA, White MG and Rogers PW, J Lab Clin Med 77: 931, 1971) • 

The eleventh group of four dogs was studied exactly as was 
the fifth except that the clearance of para-aminohippurate was 
a I so measured. 

Plasma and urine P04 were measured according to the method 
of Fiske and Subbarow {Fiske CH and Subbarow V, J Biol Chem 66: 
375, 1925) 15 adapted to the autoanalyzer. The methods used to 
measure GFR, Na, K, Cl, pC02, pH and glucose in blood and urine 
were identical to thyge previously described {Kurtzman NA: J Clin 
Invest 49: 586, 1970 ; Kurtzman NA, White HG, Rogers Pw, and Flynn 
JJ, III, J Cl in Invest 51: 127, 1972 17) as were the methods of 
sample collection, measurement of blood pressure, calculation, 
and statistical analysis. 

RESULTS 

Group I - IV: The effect of infusing 50 mu/k~/min of vaso
pressin to a bicarbonate loaded dog is outlined In Table I. Vaso
pressin infusion increased fractional sodil.111 excretion from 4 to 
almost 22%, while chioride excretion went from 1.5% to almost 22%. 
GFR rose, the urine flow rate rose dramatically, from 1 ml/min to 
almost 16 ml/min, there was also a marked increase In arterial 
blood pressure. Despite this marked natri•Jretic and chloriuretic 
effect of vasopressin infusion, bicarbonate reabsorption changed 
trivially. The effect of infusing 50 mu/kg/min of aqueous vaso
pressin to a bicarbonate loaded dog in which the blood pressure 
was prevented from rising by infusion of sodium nitropru~side is 
outlined in Table II. The results were similar to those seen In 
the animals whose blood pressure was not controlled. There was 
an Increased sodium chloride excretion, though not quite as 
marked, GFR tended to rise, and ~ere wa~ a marked increase in 
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u~ine flow rate. Vet again, there was no significant ~hange in 
bicarbonate reabsorption. The effects of infusing 50 mu/kg/hr 
of aqueous vasopressin to dogs in which the blood pr~ssure was 
controlled or uncontrolled Is presented in Flgur~ I. The group 
Ill animals (uncontrolled blood pressure) are represented by the 
closed circles while the group IV (controlled blood pressure) 
animals are represented by the open circles. The data obtained 
from the group I and II animal:; are also presented on this fig
u~e and are represented by the closed and open triangles respec
tively. The points represent the mean values obtained from each 
group. They we re chosen in the following manner. The first 
point represents the mean data from the final control periods, 
the second point the mean data associated with the highest ex
cretion of chloride and the final point in each of the four 
groups represents the mean data from the final post-experimental 
periods. As is apparent there is a marked increase in chloride 
excretion in the group I animals was significant at the .001 
level. T~at obtained in the group II animals was significant at 
.02 level, the data from the group i! I animals was significant 
at the .05 level as was the data from t he 4th group. Table III 
presents the mean p I asma bi carbonate concentration and bi carbon•· 
ate reabso rptlve rate during the control periods and during 
vasopressln infusion to each of the four groups. The data was 
selected by averaging the final control periods and comparing 
them to the data associated with highest rate of chloride excre
tion. Vasopressin infusion was associated with no significant 
change In either the plasma bicarbonate concentration or the 
bicarbonate reabsorptlve rate for each of the four groups. 

Gr up V - VIII : The effect of infusing 50 mu/kg/min of 
aqueous asopressin to an antldiuretic dog is detailed in Table 
IV. Sodium excretion was very minimal during the control periods 
as was the fractional excretion of chloride following the infus
ion of vasopressin, fractional sodium e~cretion rose from 0.3 
to 6.3% while fractional chloride exc retion rose from 0.2 to a 
high value of almost 8% and was associated ,.,ith a~ increase in 
GFR and In urine flow rate. Blood pressure rose 20 mm Hg as well. 
Fractional phosphate excretion is presented on this table and 
rose dramatically from 7% to a high value of 40%. The phospha
turia, natrluresls and chloriuresis all persisted after discon
tinuing the vasopressin infusion. The effect o f vasopressin 
infusion on the mean excretion of chloride in the four groups 
(V-VIII) is plotted in Figure 2. The data were selected as 
described in the previous figure . Again there was a marked 
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INFUSION OF 0.9M NaHC03 

o - 50 mU/kQ /hr ADH- BP control led 
• - 50mU/kQ/hr ADH-BP uncontrolled 

6 -50 mU/kQ/min ADH - BP controlled 
• · 50mU/kQ/min ADH - BP uncontrolled 

The effect of vasopressin infusion on mean fractional 
chloride excretion in bicarbonate loaded dogs. The 
first points are mean control periods, the second mean 
experimental data, while the final points are mean 
post-infusion data. 



co
 

I .....
 

""
 

Cr
o:

.ip
 I

 
(n

=
o

l)
 

!:
rc

:.p
 I

I 

(n
=

7
) 

G
.-o

:.;
: 

II
I 

( r
.=

5)
 

G
ro

!;p
 

I'/
 

(r
.=

5
) 

P
la

S
II

A
 

1-'
C .

.. 3 

m
E

q/
L

ite
r 

C
on

tr
ol

 

3
1

. 7
 

;_ 
1

. 1
 

(S
E

M
) 

rlS
 

34
 .4

 !
 

1
. 0

 
NS

 

33
.7

 !
 

3.
8 

r;s
 

3C
:.8

 !
 

1.
9 

NS
 

.i
R

lA
! 

M
D

 

V
a

so
p

re
ss

in
 

33
 

1 
! 

1
. 7

 

34
.6

 !
 

1.
3 

34
.5

"!
 3

.6
 

31
.7

 !
 

1
.5

 

A
bl

e 
II

I 

III
G 

•s
oN

E
S

S
II

 
IN

FU
SI

ON
 I

N 
GR

OU
PS

 I
 -

IV
 

C
on

tr
ol

 

22
.7

: 
2.

7 

2
4

.1
:0

.4
 

24
.2

 !
 

2.
7 

24
. 9

 !
 

1
. 5

 

R
ei

bs
or

be
d 

HC
0 3 

m
E

q/
L

i t
e
r 

G
FR

 

NS
 

NS
 

ris
 

· 
NS

 

V
a

s.
Jr

,r
e

ss
in

 

21
 .

8
 :

 
0

.8
 

23
. s

 =
 1

. a
 

24
.4

 
! 

2.
6 

a
. 9

:1
.7

 



37-9 

.: I' '.H iiiii ~!!!! .,; I - - - - -

0 
~ 

=~j~~ ~~~~~ .. ... .... .. 
l lls 
V c e 'i , 'ii, .,, 
:! I 'i l .. ~ i 

Is 
c C g i ...... • ""_..,,_,,__. -----•,-... 

C 
.... 

00 
.... ...;,.o,..,:·"' ...... ~ 

0 ;::; i • .. V 

~ .. , ... 0 0 
! w • "" • C 

~ .. ;::; ;::; " ... .. I I i ... • .. 
! i E ...... E ., ...... ~ f'I'\,... 

.... 
i ~~~~~ 

• Jls .. ~ 00 ~ 
_:;,.o ~ .. .. .. "' .... ""' 

> 0 .; 0 ... 
0 ,: C w 
w ~ • 
V C 

~ 
C 

1 .. .. ... 
C ~ E 

'- i f ,....,...§ "'"" ~ j'll:::•• C 'ie • '!~ ;;.j 
0 .,.. .. fl'\fl'\ 

I 
> 

~ 0\ 
.. • , .. N,-...Ofl'\-

• ... 
0 "'"' I s-~ .. sa ~ =!=• ... "' i 

C • w• • = ,...""!"" .... C l!~fi _, 
! t!' 

~ 
!~ if,, .. 

! .. 
:ii C • ~ 

C ! j I !' "'0 ;::; ~~~~~ 1~:s::u NN • ... 'i I, 00 I -ff"lfll'\fl'\N 
> _.,.._NNN 
" C E 

I • ~ 
C ... • 0 i 

.,, .. 
0"' ............. 

N ~ OW\0,-..N 
f .... .;.: ~ ~iii::: .. s"'a"' ... i .; ! .... .. .. .. ,...,...,.,.,... 

j 

"' N 
C 

! i • i .~ ~!-!!~ ~@!I! l I 

j~~!~ i~i·' .. 0 ia ----• 



26 

24 

22 

20 

18 
0 
0 16 

X 14 

u u. -1~ 
0 (!) 

12 

10 

8 

6 

4 

2 

Figure 2. 

37-10 

INFUSION OF LACTATED RINGER'S SOLUTION 

o - 50 mU/kg/hr ADH -BP controlled 

• -50 mU/ kg/hr ADH - BP uncontrolled 

6 - 50mU/kg/min ADH-BP controlled 
• - 50 mU/kg/min ADH·BPuncontrolled 

The effect of vasopressin infusion on mean fractional 
chloride excretion in antidiuretic animals infused 
with 0.9 ml/min of Ringer's Lactate, 
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increase in chloride excretion in each of the four groups. The 
data for the group V animals is plotted with closed triangles, 
that for the group VI animals with open triangles, that for the 
group VII animals with closed circles, and that for the group 
VIII animals with open circles. The increase in chloride excre
tion for the group V animals was significant at the .01 level, 
the increase for the group VI animals at the .02 level, the in
crease for both the group VII and VIII' animals at the .05 level. 
Figure 3 presents the effect on fractional phosphate excretion 
in each of these four groups. Again, in each of the groups 
there was a highly significant increase in phosphate excretion; 
this was significant at the .01 level for group V, at .02 level 
for group VI and VII, and at the .05 level for group VIII. Also 
apparent is the fact that the phosphaturia persisted even when 
the vasopressin was discontinued. 

Group IX: The effect of infusion of 50 mu/kg/min of aqueous 
vasopressin on glucose reabsorption in a glucose loaded dog is 
presented in Table V. Again there was a marked increase in sodium 
and chloride excretion, an increase in GFR and blood pressure but 
no major effect on glucose reabsorption. Table VI presents the 
mean data obtained from all the glucose loaded animals. The data 
were selected, again, as described above. There was a highly 
significant increase in both chloride and sodium excretion but 
no significant change in glucose reabsorption expressed either 
as mg/min or reabsorption per unit GFR. 

Group X: The effect of the infusion of aqueous vasopressin 
in a dose of 50 mu/kg/min on bicarbonate reabsorption in aldosterone 
deficient dogs was also measured. The mean data are presented in 
Table VII. There was again a marked increase in flow rate and 
chloride excretion but there was no ignificant change in bicar
bonate reabsorption in these animals. Since aldosterone deficiency 
markedly impairs distal hydrogen ion ecrction these dogs were 
studied to exclude the possibility that incr ased distal hydrogen 
ion secretion might be obscuring the effect of vasopressin infusion 
on proximal hydrogen ion ecretion (Kurtzman, et al, 1971). 

Group XI: The effect of aqueous va oprcssin infu ion of 
50 mu/kg/min on flow rate, chloride excretion, GFR, renal plasma 
flow and filtration fraction is presented in table VIII. There 
was a highly significant increase in both the flow rate and frac
tional chloride excretion. While GFR and renal plasma flow rose , 
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INFUSION LACTATED RINGER'S SOLUTION 

o ·50mU/kQ/hr ADH-BPcontrol1ed 
• ·50mU/kQ/hr AOH -BP uncontrolled 
6 -50mU/kQ /min ADH - BP controlled 
• ·50mU/kQ/min ADH- BP uncontrolled 
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Figure 3. The effect of vasopressin infusion on mean fraction 
phosphate excre t ion In antldluretlc dogs. 
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the increase was not statistically significant. The chloriuresis 
defflOnstrated in this table was associated with a rise rather than 
a fall in filtration fraction though this increase was not statis
tically significant. 

DISCUSSION 

This study demonstrates that when aqueous vasopressin is 
Infused at a dose of 50 mu/kg/min it exerts a diuretic action 
similar in magnitude to that seen following the administration 
of either ethycrlnlc acid or furosemide. This marked diuresis 
Is also seen following the Infusion of 50 mu/kg/hour of aqueous 
vasopressin, though the magnitude of this diuresis is less than 
that seen following the Infusion of the higher dose. This vaso
pressln associated diuresis is characterized by an increase in 
sodium, potassium, and chloride excretion, as well as a marked 
Increase in urinary volume. 

This current study differs from previous studies of the 
natriuretlc action of vasopressin, not only in the size of the 
dose administered, but in that the natriuresls noted following 
the administration of th rs hormone was associated with an Increased 
urinary volume rather than a decreased urinary volume which has 
characterized most previous studies. Furthermore, tije diuretic 
effect of vasopressln noted in this study was not contingent upon 
the presence of a pre-existing water diuresis. This diuretic 
effect was seen In glucose loaded animals, bicarbonate loaded 
animals, and in anti-diuretic animals. The magnitude of the 
diuresis is also much greater than previously reported. The 
site of acticn of the diuretic effect of vasopressin Is difficult 
to pinpoint with certainty. ,revious studies have indicated an 
effect of 1~asopressln In both the proximal tubule (Martinez, et 
al, 1971) and in the ay~endlng I lmb of the loop of Henle (Ht.111 
(Humphreys, et al, 1970) If the hormone had a generalized 
Inhibitory effect on proximal reabsorptlon, similar to that seen 
following volume expansion with saline, one would expect gluCC"'se, 
bicarbonate and phosphate reabsorption to be depressed as well fg 
well as the reabsorptjon of sodium and chloride (Kurtzman, 1970; 
Kurtzman, et al, 1972 7; Hassry, et al, 1969, 8 ; Suki, et al, 196919). 
However, in this study there was no effect of vasopressln on the 
maximal rate of reabsorptlon of glucose or bicarbonate. These 
results would seem to Indicate that If there Is a proximal effect 
of this a~ent It Is a limited one, and not analogous to the In
hibitory effect of volume expansion on proximal reabsorptltn, In 
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that vasopressin only depressed phosphate reabsorption. In order 
to exclude the possibility that a depressive effect on proximal 
bicarbonate reabsorption was being masked by a coincident stimu
latory effect on distal bicarbonate reabsorptlon the experiments 
in the aldosterone deficient ~nimals were performed. Aldosterone 
deficiency results in an inbibition of distal hydrogen ion secre
tion (Kurtzman, et al , 197J)li._thus if increased distal bicarbonate 
reabsorption were masking a proximal effect this maneuver (aldos
terone deficiency) should have uncovered it , however, there was 
no depress.Ive effect of vasopressln administration on bicarbonate 
reab sorption noted in these aldosterone deficient animals. 

T~e mechanism by which vasopressin exerts such a great diu
retic effect is also not completely clear. Since th~ administra
tion of vasopressin is associated with a marked hypertensive ef
fect it was possible that this hypertensive effect was in some 
way related to the natriuretic effect of the hormone. However, 
abolishing thi hypertensive effect by administering sodium nitro
prusside did not abolish the natriuretic and phosphaturic effects 
of vasopressin. Thus, our data indicate that the diuretic effect 
of vasopressin is not related in a major way to changes in systemic 
blood pressure. Nor is this effect related to a fall in filtra
tion fraction , since filtration fraction was noted to rise, though 
not significantly, following the administration of vasopressin. 
Thus it would seem likely that this diuretic effect of vasopressin 
is a consequence of changes either in intra-renal hemodynamics 
or is secondary to a direct tubular effect of vasopressin on trans
port. An alternate possibility is that vasopressin stimulates 
the release of a natriuretic factor as recently suggested by Diamon rl 
~nd Buckal~(Diamond KA and Buckalew VM, Jr , Clin Res 21: 684, 1973)20. 

There is no reason to believe that vasopressin plays a signi
ficant phys iologic regulatory role in renal sodium handling. How
ever , the effect that we noted with pharmacologic doses of vasopressin 
may be mimicing the effect of another, as yet poorly characterized, 
hypothalamic hormone which may play an important role in controlling 
renal sodium excretion, much the same way that pharmacologic doses 
of oxytoxin, a closely related hormone to vasopressin, mimic the 
anti-diuretic effects of vasopressln. The agent recently described 
by Gltelma~ and Blythe (Gitelman HJ and Blythe WB, Clin. Res 20: 
594, 1972) 1 may be such a closely related hormone. This study 
emphasizes the need to exclude vasopressln from crude preparations 
believed to contain neurohypophyseal hormones thought to play a 
physiologic regulatory role in renal sodium transport. 
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ABSTRACT 

PROJECT NO: 3Al61102B71R-Ol, RESEARCH IN BIOMEDICAL SCIENCES 

~EPORT TITLE: EFFECT OF EXTRACELLULAR VOLUME ON RENAL BICARBONATE 
REABSORPTION•A LABORATORY HODEL OF RENAL CHANGES 
OBSERVED IN INJURED SOLDIERS - STUDY #2 EFFECT OF 
PROSTAGLANDIN E1 ON RENAL BICARBONATE REABSORPTION 
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Period covered in this report: July 1972 - 30 June 1973 

Investigators: Philip W Rogers, MO, Major, MC 
Neil A. Kurtzman, MD, Lieutenant Colonel, MC 
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Disorders of acid-base homeostasis are very common in the 
injured or ill soldier. These disorders are maintained, compensated, 
or corrected by changes in renal bicarbonate reabsorption. Previous 
studies concerned with this project have evaluated the role of effec
tive extracellular volume, acute respiratory acidosis, potassium 
deficiency, potassium excess and aldosterone deficiency on renal 
bicarbonate reabsorption. Studies evaluating the effect of vasopres
sin (ADH) have just been completed and are reported in this year's 
Annual Progress Report. Most recently we have undertaken to examine 
the role of prostaglandln E1 (PGE 1) on r,,nal bicarbonate reabsorption. 
These studies are being performed by the infusion of 2 µg/min of PGE 1 
into the right renal artery while using the left kiJney as a control. 
Thus far we have found that while PGE 1 in these concentrations causes 
a mild natriuresis on the order of 5% fractional sodium chloride 
excretion, there is no change in bicarbonate reabsorption. Also of 
Interest in these studies has been an increase in the glomerular 
filtration rate during the infusion of PGE as well as an increase 
in the rena l plasma flow. Previous studiel by other Investigators 
have suggested that PGE 1 may have Its natriuretic effect by inhibiting 
sodium reabsorption In the proximal tubule; however, our studies thus 
far suggest that the inhibition of sodium reabsorption takes place at 
a more distal site. We have not completed enough studies to make a 
statistical analysis and definite conclusions at this time. 

Bicarbonate reabsorption 
Prostaglandfn E1 
Sodium excretion 
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23. (U) To determine the relationship of the metabolic rate to evaporative water loss 
In the extensively burned patient, to describe the change of metabolic rate with 
~hanges In the ambient teq,erature and humidity under controlled conditions; to 
describe the optimal t eq,erature and humidity for treatment areas In terms of energy 
economy In Injured soldiers. 

24. (U) The use of a controlled en~lronmental study room to measure metabol le rate 
at various temperatures and humidity l evel ; concomitantly, measurements of water loss, 
oxygen consumption, carbon dioxide production, core teq,erature, and mean skin 
ter,.,erature, with calculation of heat loss component to determine the critical 
teq,erature In these conditions to minimize energy demands In the seriously Ill patlen 

25. (U) 72 07 - 73 06 Four normal men and eight burn patients have been ·placed and 
allowed 24 hours stabilization at 25° C. teq,erature and 33o C. ter,.,erature with yapor 
pressure remaining Isobaric. No alterations In metabol lc rate wer_e found In normal or 
burned patients, but there was an alteration In partition of heat loss from all 
subjects, with a marked Increase In evaporative water loss at the warmer teq,erature. 
Moreover, heat transfer coefficient demonstrated Increased transfer of heat In the 
burn patl~nt from cooler to ambient, ""11ch Increased markedly as the patient was 
placed In the warmer teq,erature. Metabolic rate and core and skin temperature have 
been determined In 13 additional patients at 33, 25, 21, and I~ degrees. Alteration 
In •tabollc activity occurred In most patients as the te...,erature was lowered fr0111 
21 to 25 degrees. 

"lll• v,0111 • OIT IONI oi, THII i,o- AIII• o ...... , •. DD i,0111- .... A . t NOV H 
ANO t•H· I . I MAIII H tt'OIII AIIIMY 111&1 AIII ........ , • . 
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ABSTRACT 
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REPORT TITLE: STUDIES OF THE EFFECT OF VARIATION IN TEMPERATURE AND 
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David W. Johnson, SP4 
Robert W. Skreen, PV2 
Basil A. Pruitt, Jr., HD, Colonel, HC 

Reports Contro1 Symbol HEDDH-288(RI) 

Over 100 measurements of resting metabolic rate under carefuliy 
controlled conditions have been made In 43 patients, studied at one 
to five ambient temperatures, which ranged between 19 and 33° C. A 
minimal response In metabolism occurred In normal Individuals and pa
tients with less than 50% total body surface burn, when measured be
tween 25 and 33° C. However, In burns greater than 50% total body sur
face, temperature exhibited an effect on metabolic activity which ap
peared additive to the hypermetabol Ism related to the thermal Injury. 
At warmer temperatures, metabol le rate did not return to normal and 
heat transfer coefficients confirmed the fact that the burn patient ls 
Internally warm, attempting to dissipate heat rather than being exter
nally cool and attempting to retain heat . All subjects responded to 
temperatures below 25° C. by Increasing metabolic activity except for 
four indivldua1s with 1arge burns who appeared unable to elaborate 
catecholamines In response to this cold stress and demonstrated a 
marked decrease In metabolism at the lower temperatures. In addition, 
metabolic rates of septic patients appeared below predicted levels 
and, In two patients with multiple Injuries and moderate sized burns, 
metabolic rates were elevated above predicted levels, suggesting an 
additive effect of associated trauma. In an attempt to define sensory 
Input related to ambient comfort temperature In the burn patient, nine 
burn patients and five normal subjects were allowed to set comfort 
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temperatures In the metabolic chamber. All burn patients selected 
temperatures warmer than normal man, and this appeared to be related 
to burn size. At temperatures of comfort, both core and skin tempera
tures were greater than those achieved In normal man, suggesting that 
a possible hypothalamic reset may occur following thennal Injury. 

'1etllbo1 Ism 
Hypermeubo 1 Ism 
Heat loss 
Evaporative water loss 
Controlled environment 
Cr It I ca 1 tanperatu re 
Bu med sold lers 
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STUDIES OF THE EFFECT OF VARIATION IN TEMPERATURE 
AND HUMIDITY ON ENERGY DEMANDS OF THE BURNED 

SOLDIER IN A CONTROLLED HETABOLIC ROOH (PART l) 

Radiative heat loss Is the major route of t!dt transfer In normal 
man during conditions of comfort, and may account for up to half of the 
total heat transfer fran the body. Conduction, convection, and vapori
zation provide mechanisms for transfer of the remainder of body heat 
and, with intact nonnal skin, evaporation accounts for only 20 to 25% 
of the total heat exchange ln

1
the resting Individual (Hardy JD, Dubois 

EF, J Nutr 15:477-497, 1938). Thermal Injury damages the llpold com
plex of the stratum corneum of the skin, altering the vapor pressure 
barrier, and allowing Increased evaporative water loss from burn wound. 
The quantity of evaporative water loss correlates closely with the ex
tent of body surface Injury and patients with major burns therefore 
have a marked Increase In the vaporlzatlonal heat loss. The purpose of 
this study Is to evaluate the routes of heat loss In the burn patient 
and to define alterations In metabolic rate and partition of heat loss 
at 25 and 33° C. ambient conditions. 

MATERIALS AND METHODS 

Pat lents 

Eight patients, between 15 and 49 years of age, were studied along 
with four normal Individuals of approximately the same age. Burn pa
tients were selected to represent a range In size of total body surface 
Injury, and all were male with no other pre-existing disease before 
thennal Injury (Table 1). All patients were studied for 48 hours be
tween the seventh and 18th postburn day, with the mean days of study 
being the ninth and tenth days following Injury. All patients were 
stable following burn shock resuscitation; had a predictable stable 
clinical course during the study period; were alert and cooperative 
during the studies required. They did not have systemic Infection, as 
determined by stable body temperature, had no clinical signs of infec
tion and had negative blood cultures and endotoxin levels before, 
during, Arid after the :-.tudy period. 

The control individuals were healthy male subje~ts working in the 
Burn Unit who were accustomed to the techniques and methodology of 
respiratory and metabol le testing. There was no history of previous 
disease In this group, and all were vigorous, active Individuals. 
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Place of Study 

The studies took place In an environmental chamber located on the 
Burn Ward. The chamber, a rectangular roan nine feet wide, 17 feet 
long, eight feet high, contained an air processing system designed to 
maintain any selected temperature and h"111dity between +15° C. and 
+40° C. (range t 2%), limited by a -1. 1° C. and+ 35° C. dew point. 
The makeup air is treated by the air processing system and delivered 
to the room through a large overhead duct. A delivery fan generates 
a slight pressure differential transferring the air Into the room 
through fine pores In the cell Ing. The air flow Is laminar from 
celling to floor and vertical flow Is maintained to a level of about 
two feet above the floor where lateral movement then transports the 
outgoing air to ducts in the base of the walls and It passes along the 
Inside of the chamber walls back to the air treatment unit. Although 
the air turnover In the environmental chamber Is relatively high, 
maximum air velocity Is less than 50 feet per minute at the level of 
the bed, three feet above floor level. The room maintains good thermal 
stability with electronic equipment and three Individuals present, and 
r.llnlcal monitoring, patient care, and burn wound treatment were con
tinued while all patients were housed In the chamber. 

Study Design 

Patients were studied In the chamber for two consecutive 24-hour 
periods. During one 24-hour Interval, the environmental room was set 
at 25° C., vapor pressure of 11.88 mmHg (50 per cent relative humidity), 
and during the other 24-hour study period, the environment was set at 
33° C., vapor pressure 11.88 (relative humidity 31%). The order of the 
ambient conditions was randomized In the patients and normal controls 
so that half of the subjects were first studied at the cooler tempera
ture followed by the warmer temperature and the other half of the sub
jects studied at the warmer temperature followed by the cooler tempera
ture. 

Study Design 

The patients were placed In the room at 9:00 A.H. on the first day 
of study and allowed to equilibrate for 18 to 20 hours before data col
lection was undertaken. All burns were treated by the open method with 
topical Sulfamylon cream applied to the burn wounds. Caloric support 
was Identical during the two 24-hour periods for each individual pa
tient, and standard methods of feeding were employed during the study 
period. The diet was provided by the metabolic kitchen and the two 
24-hour study periods matched to insure Identical caloric Intakes with 
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equal quantities of carbohydrates, fat, and protein consumed on the 
study days. Patients were turned in the bed as required for their 
burn care but were placed in the supine position several hours before 
the first test and remained in that position during the final six 
hours of each study day. All patients were fasted four hours before 
and during the study period, but received water by the oral or paren
teral routes if required to maintain a nonnal state of body hydration. 

The first test was the measurement of insensible weight loss, 
which was determined by recording serial body weight every 15 minutes 
for two to four hours, using a Brookline metabolic scale (accuracy* 
2 g) which held the bed containing the patient. No loading or unload
ing of the bed was permitted during the weighing. At the end of the 
serial measurements, expiratory gas was collected In two 200 liter 
Douglas bags to determine oxygen consumption and carbon dioxide produc
tion. A mouthpiece and nose plugs or nose clip were used as the inter
face between the patient and collecting apparatus except In two pa
tients ~ith tracheostomles when a direct connection with the tracheos
tany tube could be made. The mouth, lips, g1111s, and nose of Indi
viduals with facial burns were anesthetized with 2% topical viscous 
Xylocaine to minimize pain to the injured area and allow acceptance of 
the mouthpiece and nose clip or nose plug with minimal pain. All pa
tients had previously been trained to hold the mouthpiece for collection 
of expiratory gas, and several trials of Douglas bag collection had been 
performed before the studies in the environmental chamber. In the pa
tients with tracheostomies, the upper trachea was anesthetized with 
topical cocaine, the tracheostomy tube and balloon fitted, the balloon 
inflated, and an air-tight seal insured; 15-20 minutes were allowe~ 
after tracheostomy balloon inflation for equilibration before the test 
was started. The mouthpiece or tracheostomy tube was attached to a 
low resistance Otis-HcKerrow one-way valve which was connected in series 
to two 200 liter Douglas bags. After an equilibration period of at 
least 10 minutes with the mouthpiece of tracheostomy, both bags were 
flushed at least three times with the patient's expiratory gas. After 
a steady resting state had been achieved, determined by patient comfort, 
lack of air leak, and steady, stable, respiratory rate, gas collection 
was started and carefully timed for three to seven minutes of collectlo~ 
for each Douglas bag, with the test terminated when the bag appeared 
approximately two-thirds full. Number of respirations were counted for 
each patient during the collection period. 

The expiratory gas In the Douglas bag WdS mixed and samples ob
tained for gas analysis using a Beckman oxygen analyzer, Hodel E2, and 
carbon dioxide using a Godart capnograph. Total volume of each bag was 
then measured by emptying the contents into a Tissot gasaneter. Meta
bolic rate In kllocalories per square meter of body surface per minute 
was calculated from the oxygen consumed corrected for respiratory 
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quotient (Lusk G, J Biol Chem 59:41-42, 1924) ,2 without nitrogen 
excretion, and the results of the two Douglas bag collections averaged. 

Thermocouples of copper constantln were used as the thermal 
sensing devices and attached to a Honeywell recorder for continuous 
temperature monitoring. A probe was placed six to eight cm In the rec
t1.111, with a second probe placed in the external ear in contact with the 
tympanlc membrane. A small hand-held thermocouple measured skin tem
perature wlt'h the surface points used those described by Dubois 
(Hardy JD, Dubois EF, J Nutr 15:477-497, 1938) , 1 for areas not In con
tact with the mattress, with some modification made for the patients 
with burns. The extent of burn and unburned skin was determined for 
each segment of the body and the relative contribution of each area 
estimated. Multiple temperatures were taken fran both burned and un
burned surfaces, these measurements weighted mathematically by surface 
area to determine their overall contribution to mean skin temperature. 
In the normal individuals, approximately 20 skin temperatures were 
taken, but in the patients up to 50 surface temperatures were taken 
for canputat Ion of mean skin temperature. Four bas le measurements 
(metabolic rate, Insensible weight loss, core temperature, skin tempera
ture) were carried out between the 18th and 24th hour of each study 
day while the patient was at 25° C. and 33° C. 

Calculations 

Core temperature stabilized In each ambient situation after six to 
eigj,t hours. At the time of the study, heat production was equated with 
heat loss, with total heat loss determined by metabolic rate. A best
fit line was drawn using the method of least squares to predict rate of 
Insensible weight loss. This value was then corrected for the weight 
of oxygen consumed and carbon dioxide lost, so that the total water loss 
by evaporation was detennlned. The body surface area was estimated from 
the predictions of DuBois (DuBois 0, Arch Int Hed 11:863, 1916),3 and 
metabolic rates were related to body surface area. Followi~g the analy
sis of Wenger (Wenger CB, J Appl Physiol 32:456-459, 1972), vaporiza
tional heat loss was determined using the heat of evaporation as 0.580 
kcal/g. Total dry loss was determined by subtracting heat los by va
porization from the total heat loss, and radiative heat lo~s was deter
mined by the Stefan-Boltzmaan equation. Conductive and convection ex
change was estimated by subtracting radiational losses from total dry 
losses and heat transfer coefficients were determined by standard 
techn I ques. 
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RESULTS 

Metabolic rate and the partition of heat loss were comparable to 
previously reported studies In normal man studied at 25° C. (Table 2). 
In contrast, hypennetabolism was noted In the burned patients and 
metabolic rate appeared to Increase with burn size In a linear manner 
up to a 50% total body surface burn and then plateaued (Table 3). When 
combining measurements obtained from both control and burn patients, 
metabolic rate varied consistently between the 25 or 33° C. ambient 
temperatures In those patients with burns greater than 50% total body 
surface (Figure). 

Evaporative water loss and therefore vaporlzational heat loss In
creased proportionally with burn size and this relationship was linear 
at both temperatures studied (Table 3). The route of heat loss was 
altered by the ambient conditions, and a marked Increase In wet heat 
loss occurred In both normal Individuals and the burned patients at the 
warmer ambient temperature; but the decreased radiative heat loss 
occasioned by the 33° ambient envlro1111ent resulted in Increased skin 
temperatures and reduced metabolic rates In the patients with the larger 
burns (Tables 4, 5). 

Calculation of heat transfer coefficients demonstrated a two-fold 
Increase In core to skin transfer of heat In the burned patients when 
compared with control individuals and this two-fold Increase was present 
at both environmental temperatures. Core to air heat transfer co
efficient was relatively constant In all subjects, and skin to air 
transfer. was only changed In the normal subjects studied at 33° ambient 
temperature, suggesting an Increase In body surface area exposed at the 
warmer temperature due to an unfol~lng of the arms and legs from the 
trunk. This Increase In skin to air gradient occurred only in the con
trol lndlvlduals and was not seen in the burned patients studied 
(Tables 4, 5). 

DISCUSSION 

Hypennetabollsm characterizes one of the metabolic responses fol
lowing thermal Injury, and this alteration in metabolic activity has 
frequently been related to the Increased evaporative water loss from the 
burn wound (H!rrlson HN, Moncrief JA, Duckett JW, Mason AD Jr, Surgery 
56:203, 1964; Roe CF, Kinney JH, Surgery 56:212-220, 1964).6 Covering 
the wound In experimental animals blocked evaporative water loss and 
returned met,bol le rate to normal (Lieberman ZH, Lensche JH, Surg Forum 
7:83, 1956). In addition, burned rats treated at a room temperature of 
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30° C. had lower metabol le rates, lower nitrogen excretion, and a 
smaller weight loss than rats with similar bu§ns treated at 20° C. 
(Caldwell FT Jr, Ann Surg 155:119-126, 1962). Hore recently, burn 
patients treated In a warm environment (J2° C.), demonstrated signifi
cant decreases In metabolic rate when compared with treatment at 22° C 
(Barr PO, Blrke G, Liljedahl SO, Plantln L-0, Lancet 1:164-168, 1968);9 
and this evidence has been used to support the thesis that hypermetabo-
1 Ism in the burn patient Is a response to Increased surface cooling due 
to Increased evaporative water loss. In contrast, however, Zawacki 
and associates covered the burn wound with a water-Impermeable membrane 
and thus blocked evaporative water loss but found no alteration In meta
bol le rate In the burn patients at approximately 25° C. ambient temper
ature (Zawacki BE, Spitzer KW, Mason AD Jr, Johns LA, Ann Surg 171 :236-
240, 1970),10 The present study demonstrates a curvilinear relation
ship between metabolism and burn size but a direct linear relat'onship 
between evaporative water loss and per cent total body surface burn. 
In the normal subje,ts studied and burns less than 50%, metabolism was 
not related to surface cool Ing by evaporative water loss and hence 
metabolic rate was unaffected when. these individuals were placed in the 
warmer environments . However, as metabolic rate plateaued in burns 
greater than 50% total body surface, evaporative water loss increased 
In a 1 inear manner, contributing to a greater percentage of heat 
transfer and , at the 25° C. ambient temperature, the result was surface 
cooling with a mean surface or core temperature below threshold leyy1s 
for cold recc~tor firing (Benzinger TH, JAMA 209:1200-1206, 1969 ) . 
Thus, the patients with larger burns consistently demonstrated a de
crease in metabolic rate in the warmer ambient temperature and this 
effect has been confirmed in the studies of 19 additional pati ents. 

Moreover, this data suf~ests that evaporative water loss in the 
burn patient is not the pri :1e stimulator of the hypermetabol ic state, 
but rather the hypermetaboi ic response is related to an endogenous 
reset in metabol le activity with additive effects from evaporative 
water loss only In patients with larger burns. The increased evapora
tive water loss appeared to provide a convenient route for transfer of 
this large quantity of heat from the body. In the majority of the burn 
patients studied, there was no change or an increase in core temperature 
when the subjects were exposed to the warm environment. In additio~, 
skin temperature increased in all individuals, and there was an increase 
in core to skin heat transfer coefficient, supporting the thesis that 
the burn patient Is internally warm and attempting to dissipate heat 
rather than being cold and attempting to vasoconstrict and retain heat. 
This fact receives further confirmation by the evidence that the burn 
patients at 33° do not decrease their metabolic rate to normal but 
rather cont lnue metabol I c act Iv I ty at a prev I ous 11se t 11 1 eve I • A 1 though 
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evaporative water loss was markedly altered between 25 and 33° C. 
ambient environmental conditions, significant alterat ion in metabolic 
rate did not occur in burns less than 50%. Only In patients with the 
larger thermal Injuries did evaporation affect metabo1 Ism, at a point 
where vaporizational heat loss increased disproportionately with 
metabolism. 

One of the greatest adaptations of man to his ambient environment 
is his behavioral response, such as the ability to decrease his exposed 
surface area or to limit heat transfer by increasing insulation with 
blankets or clothing. As suggested by our study, normal individuals 
were able to achieve canfort at 25° C. by decreasing their exposed body 
surface area (curling up), and then unfolded at warmer temperatures to 
allow a greater surface area exposure and aid heat transfer as demon
strated by the increased skin-to-air transfer coefficient. This char
acteristic, however, was not present in the burn patients and extremity 
and trunk motion appeared limited because of pain and edema associated 
with their injury. 

Treatment of burn patients in warm ambient environments has been 
proposed as a method for significantly reducing the hypermetabolic 
response to thermal trauma (B~rr PO, Birke G, Liljedahl SO, Plantin 
~-0, Lancet 1 :164-168, 1968). As can be noted in this series of nor
mal welght-r,onseptic patients, only burned patients with greater than 
50; total body surface injury would have benefited from external 
heating, with only a 10-12% reduction in metabolic rate. None of those 
pat ' ents returned to their normal preburn metabolic rate while being 
pla·ed in the warm environment, and the rates of metabolism described 
in this series of individuals are canparable to those seen by the 
Swedish investigators in their treatment of patients in warm dry air 
(Barr PO, Birke G, Liljedahl SO, Plantin L-0, Lancet 1:164-168, 1968).9 
Further studies are now in progress to investigate the clinical bene
fits of a warm ambient environment in these critically ill patients. 
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STUDIES OF THE EFFECT OF VARIATION IN TEMPERATURE 
AND HUMIDITY ON ENERGY DEMANDS OF THE BURNED 

SOLDIER IN A CONTROLLED METABOLIC ROOM (PART 11) 

THE EFFECTS OF AMBIENT TEMPERATURE AND BURN SIZE ON METABOLIC RATE 

Metabolic rate increases with burn size, but also increases with 
exposure to cold ambient temperatures, that is, temperatures below the 
lower critical temperature. The purpose of this study was to deter
mine the interrelationship between metabolic activity, burn size, and 
ambient te'Tlpe ra tu re. 

MATERIALS AND METHODS 

Fourteen burn patients with burns ranging from 7 to 84% of the 
total body surface were selected for study, along with four normal 
individuals in the same general age range. The initial group of 
patients was free of infection as determined by clinical course, vital 
signs, negative blood cultures, and endotoxi levels obtained before, 
during, and after study. All patients we re studied between the 7th 
and 25th postburn day. 

The patients were placed in the supine position in the metabolic 
chamber in the early part of the day and allowed three to six hours of 
equilibration with the 33° ambient temperature. Metabolic rate, core 
temperature, and skin temperature were then measured as previously 
described. Hourly urinary collection for determination of catechola
mine levels was included In selected individuals. Following the ini
tial determinatio,,s at 33°, room t f'.mperature was set at 25°, three to 
six hours equilibration all<Med, and the studies repeated. In se
lected individuals, temperatures were then decreased to 21 and 19° C., 
with equilibration periods being shortened to one to two hours to 
minim'ze cold stress, and the previously described studies were car
ried out. Vapor pressure was maintained at 11.88 mmHg at all ambient 
temperature condl tions. 

After the determinations were performed on the patient group de
scribed, 25 additional patients suitable for study were placed in the 
metabolic roan and resting metabolic rates were obtained at tempera
tures ranging from one to all of the temperatures taken at 2° Inter
vals between 33 and 19°. From this Information, a total of 43 pa
tients were studied with 94 observations of metabolic rate obtained 
at temperatures between 19 and 33, 



39- 16 

RESULTS 

Basal metabolic rate Increased as a function of burn size, ond 
this best flt a cur vilinear description (Fig. 1). A slight Increase 
In metabolic rate was found as ambi~nt temperature decreased from 
33 to 25° C., b1J t a more dramatic Increase in metabolic activity 
occurred between 25 to 21° C. (Table 1). 

The fo l lowing equation best describes th e r~lation hip between 
metabolism, burn size, and ambient temperatur~ : 

y • 191.1279 + I. 16399B - 10.7839 T 
- 0.008 e2 + 0.1807 T2 

y •Metabolic rate (kcal/m2/hr) 
B • Burn size in% total body surface 
T • Ambient temperature in °c (T>O) 

(r2 = 0.9323) 

Although other descriptive equations were evolved (including cube, 
fourth power, logarithmic, and reciprocal functions), no increase was 
achieved in the r2 , and the present equation expresses the inter
action between temperature and total body surface burn on metabolic 
activity In a simple usable form. ' 

Entering 67 observations obtained in 31 individuals with burn 
size ranging from 0-85%, and metabolic rate determined between 33 and 
19° C., did not slgnlficjntly alter the basic equation and only 
slightly decreased the r value to ,90. 

Twelve patients studied did not flt this predicted equation for 
estimating metabolic rates (Table 2, 3). Two of the 12 Individuals 
demonstrated metabolic rates which exceeded predicted values and both 
patients had associated Injuries, which appeared additive to their 
burn tra1111a. Six of the 12 patient · had positive blood cultures at 
the time of study, and were consistently below predicted values for 
metabolic rate obtained from the derived equation. These patients 
all required thermal support In the form of radiant heat and heating 
blankets during their care to prevent hypothermia. In the remaining 
four patients, all of whom died, metabolic rate was normal at 33 and 
25° C. However, when these Individuals were cold stressed at 21° C., 
all demonstrated a decrease In metabolic rate In the cooi ambient 
temperature. Urinary CQtecholamlnes measured In two of the four 
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Table 1. Metabolic Rate at Various Ambient Temperatures 
(Kcal/m2/hr) 

Patient % Burn 19° 21° 2s 0 33° 

1 64 91.9 69.9 68.9 

2 60 94.2 80.4 77.5 

3 84 79. 7 71.4 

4 51 78.8 71.7 

5 46 74.1 69.2 69.4 

6 39 74.7 67.5 68.8 

7 41 82.7 79.2 70.1 57.5 

8 53 89.1 76.8 68.0 

9 75 78.2 71.7 

10 66.5 71.4 65.2 

11 7 36.9 37.7 

12 15 49.1 4).6 

13 34.5 72.4 71.1 

14 40 58,3 65.0 

15 0 48,9 41.7 37.1 39.8 

16 0 31.8 34.5 

17 0 49,8 40.3 36.6 37.9 

18 0 46.2 41.6 32.6 33. 0 
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Table 2 . Patients Differing from Predi · t e d Value s uf Ml!tabnli c Rat e 

Ambi e nt Metabo l i c Ralf' 
l\urn Size Tempe r atu r e (Kca l/m2/hr) 

( 7. ) c•c. > l'red lc t e d l Obs,•rved 

26 19 ' 76 89. 

21 69 90 . J 

)) 57 69 . ) 

47. 5 .5 72 88 . • 

' 

55 . ! 84 66 . 2 

I 
I 

I .5 74 I I. 7 
I 

I )) 72 ' 58 . 8 
I 
I 

l 56 . 5 25 ' 74 40.6 

I 29 72 I .6 
I 

I 

I I 
' 61 J 7J 60.4 
I 

63 .5 7,. 54, 4 

76 21 6 I. ) 

25 SI.fl 

• 9 -I 7 • 41:1. 

)) 74 4 . 5 

8 l5 7 J . 9 

.9 74 S. 9 

l 

I 
I 

I : 
I 
I 
I 

Comme nt s 

t.ssocla t cd head Inju r y ; 
trachi'ostomy 

Mu l tip l e sof t ti ss ue In-
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Individuals demonstrat d a marked decrease In catecholamine elabora
tion during this period of cooling (Table J). 

DISCUSSION 

Hypennetabol ism chara cL erizes the post-traumatic metabolic re
sponse to thennal Injury related to burn size. In these patients, 
It appears that a maximum level of metabolic activity occurs with 
burns greater than 50% total body surface and burn size has minimal 
effects on metabolism above this level. Burn size Interacts with 
ambient temperature to affect metabolism with small but real changes 
In metabolic rates between 25 and 33° C., but a marked Increase in 
metabol Ism between 33° and 21° C. This data Is canparable to reports 
of Liljedahl and associates (Barr PO, Liljedahl SO, Birke G, Plantin 
LO, Lancet 1:164-168, 1968) 1 who found marked alterations in metabo
lism between 22 and 32° C, and the proposed formula is likewise in 
accord with the data of Wilkerson and associates who have studied 
normal man In the supine positi on a t a variety of temperatures 
(Wilkerson JE, Raven PB, Horvath SM, J Appl Physiol 33:451-455, 
1972). 2 

Two patients with associated injuries had metabolic rates sig
nificantly above the predicted levels for burn size and ambient tem
perature, and it appears that associated injury results in an addi
tive effect, especially in patients with burns of less than 50% of the 
total body surface. Patients with positive blood cultures demon
Jtrated a decreased oxygen consumption at all temperatures studied, 
effects comparable to previous reports of infection altering cellular 
metabolism and oxygen consumption (Duff JH, Groves AC, Mclean AP, 
Surg Gynec Obstet 128:1051-1060, 1969).3 Finally, four patients 
did not respond to negative thennal loads, and demonstrated a progres
s ive decrease in oxygen consumption at the lower amb lent temperature. 
Response to cold In man is mediated by the sympathetic nervous system 
and one explanation of the phenomenon observed would be that sane 
patients with massive injuries (especially older individuals, those 
patients with extensive burns, and nutritionally depleted patients) 
are producing catecholamines at their maximum rate and cannot respond 
to the cold stress by increasing catecholamine production. This 
hypothesis was supported in two patients who demonstrated decreased 
production of catecholamines following ambient cooling in contrast to 
"r,,: rmal" responding patients who maintained or increased catecholamine 
output In response to cooling. Goodall and associates have reported a 
high turnover of catecholamines following burn Injury, and a depletion 
of catecholamines of both sympathetic ganglia and adrenal medulla In 
bur" pitlents studied at autopsy (Goodall HG, Amer Surg 32:448-452, 
1966). If the lnablllty to produce catecholamines to an Increased 
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stress is demonstrated early In the postburn course, hospital care 
could be modified to minimize additional stress such as environmental 
cooling, operation, or hydrotherapy In these selected patients. More
over, possible benefits may be achieved by providing exogenous cate
cholamines or their blchemlcal precursors In such 11 nonrespon.ders." 
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STUDIES OF THE EFFECT OF VARIATION IN TE/1PERATURE 
AND HUMIDITY ON ENERGY DEMANDS OF THE BURNED 

SOLDIER IN A CONTROLLED METABOLIC ROOM (PART 111) 

PATIENT SELECTION OF COMFORT TE/1PERATURE 

In normal man, metabolic rate Is basal at conditions of com
fort. The purpose of this study was to establish "canf rt 11 temperature 
for burn patients in a metabolic chamber and evaluate the various af
ferent signals which determined optimal comfort. 

MATERIALS AND METHODS 

Nine burn patients were studied in the second to third week post
injury, along with five normal individuals of the same general age. All 
individuals were alert, awake, and cooperative. All individuals wore 
shorts, were placed in bed in the metabolic chamber previously de
scribed, and allowed to select optimal temperature for comfort by means 
of a bedside remote control temperature regulating unit. Relative 
humidity was maintained at 50% throughout the study. The individuals 
were maintained in the room from 4 to 24 hours and that ambient tem
perature obtained at the ; .. nd of the test period was recorded as the 
comfort temperature. After satisfactory equilibration with the ambient 
comfort temperature, mean skin temperature and core temperature (using 
tympanic thermometry) were determined. 

RESULTS 

After some trial and error, all individuals studied were able to 
achieve subjective conditions of comfort. The rapid response of room 
temperature to alterations in remote bedside control allowed frequent 
adjustmen and minimized wide temperature variations. The mean 
ambient c'Jfflfort temperature selected by the normal individuals was 
27.8°, which was related to a mean skin temperature of 33.4° C. Core 
temperature remained normal in these individuals (see Table). In 
contrast, the burn patients maintained a higher room temperature 
(mean 30.4), which was associated with an increased core temperature 
(mean 38.4) and wa~mer surface temperature (average skin temperature 
35,2° C). Comfort temperature was best r!lated to skin temperature 
(T comfort= -10.64 + I. 15 mean T skin, r • .71), but there was a 
rough correlation between ~omfort temperature and burn size (T comfort• 
27.54 + 0.069 burn size, r • 0.56). Because sensation of comfort is 
a combined response arising from skin thermal receptors and central 
nervous temperature, T comfort was apparently related to both core 
temperature and skin temperature, and these effects appeared to be 
additive (T comfort• -38.6 + T core+ 0.86 T skin, r2 • 0.84). 
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Table Ambient Temperatures of Comfort 

Subjects R'lOm Canfort 
Tskln T Stud led Burn Size Temperature Core 

(° C.) c•c .) c•c.) 

Control 

0 29.5 31+.2 37.1 

2 0 28.5 31+.I+ 36.6 

3 0 27 . I 33,2 37,0 
,. 0 26.J 31.2 

5 0 28 .0 31+.2 37 .0 

Mean 0 27.8 33,1+ 36.9 

Burns 

35 25.0 33,6 39.0 

2 65 35.0 37.5 l+O.O 

3 1+5 29.6 35 . 5 37.7 
,. 23 30.0 35.3 38.1+ 

5 1+3 30.0 35,5 38.3 

6 1+5 29.1+ 33.6 38 . 1+ 

7 36 28.5 35.3 37.7 

8 35 33.0 31+,5 

9 28 29.5 35.8 37,9 

Hean 39 30.I+ 35.2 38.1+ 



39-25 

DISCUSSION 

Thermal canfort depends pr .imarlly upon internal temperature (core 
tempe~ature), but is modified by sensory input from the periphery. 
Normal man selects an anblent temperature of approximately 28° In order 
to maintain skin temperature above 33° C., which is considered as the 
threshold for firing of peripheral cold receptors. Burn patients, 
however, seem to have a reset In their thermal regulatory system, for 
all patients felt "comfortable" with Increased Internal and skin 
temperatures. Experiments In normal man suggest that the Internal set 
point Is shifted or reset In response to peripheral thermal stimulation 
(Cabanac H, Has sonnet D, Be I a i che R, .J App 1 Phys I ol 33 :699, 1972) , 1 and 
Initial cooling in the early postburn period or alteration of the Inte
grated peripheral nervous signal could account for this shift In core 
temperature set. Further studies are In progress to evaluate the role 
of peripheral thermal regulation In the control of body tempera.ture 
and hypermetabol Ism in burn patients. 
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ABSTRACT 
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The incidence of Curling's ulcer in thermally injured patients is 
reported to be approximately 12%. The mean time of diagnosis is reported 
as 12-15 days post burn. 

Recent endoscopic observations in patients with multiple organ trauma 
and severe sepsis reveal gastric mucosa! abnormalities early after injury 
despite the absence of significant bleeding. Progressive mucosa! defects 
and clinical gastric bleeding were commonly associated at later periods 
pos t i n j u ry . 

Endoscopy with a fiberopti pan-endoscope (Olympus Hodel GIF-0) has 
been performed on thermally injured patients with greater than 30% total 
body surface area injury admitted to the USA Institute of Surgical Research. 
Initial study is performed at three days post burn and subsequent serial 
studies are performed between 5 to 7 and 9 to 12 days post burn. Mucosa! 
changes are photographically documented at each study. 

The purpose of the endoscopic studies is to define post burn gastric 
mucosa! changes and their relationship to Curling's ulcer and clinically 
significant gastric bleeding. A true incidence of Curling's ulcer will 
be obtained as previous studies defined Curling's ulcer only by signifi
cant clinical bleeding, operative, and autopsy findings. 

Curling's ulcer, Gastric mucosa, Burn, Endoscopy 

*Department of Pathology 
Medical University 
Charleston, S. Carolina 29401 
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EVALUATION OF GASTRIC PHYSIOLOGIC DISTURBANCES ASSOCIATED 
WITH THERMAL INJURY IN A MILITARY POPULATION 

The incidence of Curling's ulcer in thermally injured patients is 
reported to be approximately 12%. The mean time of diagnosis is reported 
as 12 to 15 days post burn. Serial endoscopy of the upper gastrointestinal 
tract has been performed on thermally injured patients to define post burn 
gastric 11L1cosal changes and their relationship to Curling's ulcer and 
clinical gastric bleeding. A true incidence of Curling's ulcer wi 11 be 
obtained as previous studies defining Curling's ulcer encompassed clinical 
bleeding, operative and autopsy findings only. 

Endoscopy with a fiberoptic pan-endoscopy (Olympus Model GIF-0) has 
been performed on 21 thermally injured patients of greater than 30% total 
body surface area injury admitted to the USA Institute of Surgical Research. 
Initial study is performed at three days post burn and subsequent serial 
studies are performed between 5 to 7 and 9 to 12 days post burn. Mucosal 
changes have been photographically documented at each study. Initial 
study has confirmed the presence of gastric mucosal abnormalities in the 
majority of patients with greater than 40% total body surface area injury. 
These abnormalities range in severity from areas of pallor with surrounding 
rrucosal congestion to numerous superficial gastric erosions to discrete 
gastric and duodenal ulcers. The majority of the changes are limited to 
the body of the stomach, but antral disease has been present in over 25% 
of the patients studied. A significant finding has been duodenal 11L1cosal 
changes of edema, congestion, and fr i ab i 1 i ty which' we have des er i bed as 
duodenitis. An interesting observation that will need further study is 
the association of isolated duodenal findings and pancreatitis in the burned 
patient. The study is continuing at present and the results mentioned above 
reflect our early observations. 
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the ir pathophysiology. Study is relevant to milita ry situati on s Ince mos t burn 
deaths are due to pulmonary disease . 

24. (U) Classi fy pati ents into i nha I at ion and non inha lation in j ury. In those with 
inhalation in j ury, study se rially lung volumes (stati c and dynamic) , f low-volume 
loops, singl e brea th nitrogen t ests for closing volumes , stati c and dynami c comp I i ance , 
and diffusing capacity. Compare with results o f xenon scan and bronchoscopy. In 
non inhalation lnj urles, continue prior work with attention to CO2 response curve, 
bette r measurement of static lung volumes and use of f low-volume loop, s ingl e brea th 
t e sts, and cardiac output. 

25. (U) 72 07 - 73 06 Necessary equipment for the f low volume cc1·ves , and sing le 
breath tests are on order. Normals are be ing s tudied for control s . App ar ati f or t he 
more accurat e measurement of I ung vo I ume s are be ing construc t ed. 
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Burn wounds are a common military problem and pulmonary disease 
remains the major complication of the burn patient. A group of 
patients with hyperventilation without apparent dyspnea, beginning 
about postburn day 3-5, associated only with a decrease in static 
lung compliance has been Identified. Hyperventilation with hypo
carbla may result in bronchoconstrictlon, will affect the oxyhemo
globln dissociation curve unfavorably and decrease cerebral and 
coronary blood flow. The etiology of the hyperventilation seen In 
these patients was unexplained. We plan to 1) study the effects of 
S~lfamylon on ventilation and dead space/tidal volumes ratio; 
2) measure CO2 response curves in patients to see If they respond 
appropriately to CO2, In addition, we have constructed a bag-box 
system for better measurement of lung volumes. We are also ini
tiating the use of single breath tests and flow-volume loops in 
order to examine the small airway more closely. Lastly, we plan to 
measure several indices of lung function (static and dynamic com
pliance, pulmonary resistance, flow-volume loops, VD/VT, and arterial 
shunt) at the bedside to establish the general course of the patients. 
and principles In the care of the patients. 

The equipment necessary for these tests is on order. Where 
possible, normal values are being obtained. 

Burns 
Lung mechanics 
Pulmondry diffusion 
Ventilation/perfusion abnormalities 
Blood gases 
-Shunts 
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23. (U) To study parameters of burn wound sepsis as they exist In burned soldiers. 

24. (U) Develop a rabbit model of burn wound sepsis upon which coagulation studies 
and endotoxln levels will be performed. 

25. (U) 72 12 - 73 06 A rabbit skin flap model of Pseudomonas bum wound sepsis, 
resulting In greater than 90% mortality In 36 hours, has been developed. Endotoxln 
has been detected In the blood and l iver, and there Is an associated leukopenla 
and thrombocytopenla. Flbrlnogen, thrombln time, partial thromboplastln time and 
prothrombln time have been performed on all animals using the Flbrometer and Indicate 
a variable pattern of abnormalities as yet not defined. The first three tests have 
been low, normal or elevated In various patterns. 
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Bacterial and mycotic wound infec t ion are c00111only found in 
fatally burned patients, and are some t imes as sociated with 
generalized d issemination. The relationship of wound infection to 
the clinical course is not well understood. 

Pre I im i nary resu I ts using a rabbit "ski n11 f I ap mode I infected 
with Pseudomonas aeruginosa indicate bacterial disseminatio9 via the 
blood stream associated with high visceral counts (104 - 10 
organisms/gram of tissue). There have also be~n coagulation changes 
consistent ~-ith the diagnosis of disseminated intravascular 
coagulation, and endotoxin has been detected in the blood of infected 
animals. 

Sepsis 
Endotoxin 
Coagulation 
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BACTER!A L ANO MYCOTIC SEPSIS: COMPARATIVE PATHOPHVSIOLOGY, DIAGNOSIS 
ANO TREATMENT, WITH SPECIAL REFERENCE TO BURN WOUND INFECTION 

The purpose of this study is to describe the mechanism by which 
experimental wound infection ki I ls the experimental animal. It is 
striking that although bacterial wound infection disseminates 
frequently, mycotic infection rarely does. Of particular interest is 
the role of endotoxin, as reflected by coagulation changes and direct 
assay, and the anatomic lesions. 

Because of the insensitivity of the rat to disseminated intra
vascular coagulation, and the inability to measure endotoxin in its 
blood, the previously described burn wound sepsis model could not be 
used. The rabbit was chosen as an experimental animal because it is 
sensitive to endotoxin, and endotoxin can be detected in its blood. 

R~SULTS 

Experiment #1 and #3 -

Rabbits were given a 5% scald burn and seeded with Pseudomonas 
aeruginosa strain VA-134. All five animals survived. A larger burn 
was not attempted due to previous experience that it, in itse1f, is 
fatal. 

A 20"/o dorsal skin flap was then fashioned on the rabbits and 
then seeded subcutaneously in the traumatized area with either 
Pseudomonas aeruqinosa strain VA-134 or strain 1244. With strain 
VA-134, 8 of 10 animals died within 24 hours, had positive blood 
cultures, organ bacterial counts ranging from 104 - 106/gram of tissue, 
and histologic lesions including shock lung, glomerular thrombosis, 
and bacterial abscesses. Using strain 1244, 7 of 8 died within 30 
hours, had the same bacteriologic findings as the first group, but no 
organ lesions. 

Coagulation tests on the strain 1244 seeded group revealed a 
marked decrease in platelets, low fibrinogen (compared to controls), 
elevated PTT and decreased thrombin time. These animals also had 
positive blood cultures and positive limulus lysate tests for 
endotoxin. 

Experiment #2 -

Five animals were given 107 Pseudomonas aeruginosa strain VA-134 
intravenously. All died in 25 hours. The histologic and bacteriologic 
features were the same as the "flap-seeded" animals with the exception 
that the bacterial counts were 100 - 103 per gram of tissue. 
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Four adult animals were given two doses of E.coli endotoxin, 
100 ug/ml, 24 hours apart, and 5 animals were given"cme dose. Of the 
first group, all died in from 30 minutes to 48 hours. The lesions 
found were the same as those in the flap seeded VA-134 animals, but 
varied from animal to animal so that only the one dying at 48 hours 
had glomerular thrombosis. 

Of the animals given one dose, two were sacrificed at three weeks 
and had no lesions, three were killed at five hours and had changes 
resembling those of early shock lung. 

SUHHARY AND CONCLUSIONS 

A dorsal skin flap on the rabbit beneath which Pseudomonas 
aeruginos a is seeded constitutes a reproducible model of fatal wound 
infection. Preliminary data reveals septicemia and high organ counts 
using two strains of Ps. aeruginosa, however, histologic lesions are 
present only in animals seeded with strain VA-134. Coagulation data 
reveals evidence of disseminated intravascular coagulation and 
endotoxemia in seeded animals. Further studies are netded to 
statistically confirm the relationship between septice1nia, endoxemia, 
DIC, and visceral lesions. These are in progress using strain VA-134 
since this organism has the advantage of producing visable lesions. 
Later, seeding of the wound with various fungi will be done and the 
same indices measured. 

PRESENTATIONS AND/OR PUBLICATIONS 

None 
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23. ( U) To evaluate systemic and pulmonary hemodynamics during the resuscitation 
phase of thermal injury in burned military pe rsonne l. 

24. ( U) Selected patients are studi ed by means of hemodynamic flow and pressure 
measurements which are correlated with f luid intake and output. 

25. (U) 72 07 - 73 06 One patient has been fu 11 y studied, and two pi lot evaluations 
have been pe rformed. Systemic cardiovascular measurements are as predicted by 
previous studies. Pulmonary hemodynamic changes consist of pulmonary hypertension 
in the face of systemic vasod i l atat Ion without elevation of left atrial pressure. 
The study is continuing. 
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Little material is available concerning hemodynamic measurements In 
thermally Injured patients. Two studies have been reported In the 
past which demonstrated classic shock with low cardiac output and 
increased peripheral vascular resistance immediately post-thermal 
injury. Pruitt and Mason found a two-fold increase in cardiac output 
above normal with a commensurate drop in systemic vascular resistance 
in the second 24 hours postinjury with Brooke Formula resuscitation. 
No investigations to date have dealt with pulmonary hemodynamics 
after thermal injury. 

In this study, we are attempting to correlate measurement of 
systemic hemodynamics with pre-existing data and pulmonary vascular 
measurements. At this time, one patient has been studied and showed 
the typical response of the systemic circulation to thermal injury 
and resuscitation, although there was a rising pulmonary vascular 
resistance associated with minimal pulmonary hypertension In the 
face of falling systemic vascular resistance. No conclusions can be 
drawn from this single experience, and this work Is continuing. 

1.iu I r, 
Wedge pressure 
Cardfovascular hemodynamlcs 
Resuscitation of fluids 
Humans 
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During the past decade, the physiologic advantages of cadaver skin 

al log raft in the treatment of second and third degree burn wounds have been 

well documented. Because of inadequate supply and limited shelf-I ife, wide

spread use of cadaver allograft has been restricted. The evaluation of por

cine xenograft, canine xenograft, lyophi Ii zed xenograft and homograft, and 

formalinized xenograft and homograft have thus been prompted. 

All of these "biological dressings" have, to some extent, been evaluated 

both in the laboratory and on burned soldiers. Al I forms appear to show 

adequate adherence to the wound, whether this is a clean granulating sur

face on a patient or a freshly excised fascial bed on a rat. Repeated dressing 

changes on granulating surfaces in patients appeared to "prepare" the wound 

for the acceptance of autograft. With the exception of homograft, none of 

these "biological dressings" become vascularized. 

The direction of this study has been changed to determine if viability 

and vasculari zation of homograft are important in terms of wound coverage. 

Two models have been developed in which the application of homograft 

determines survival versus death of an experimentally burned rat. A com

parison of formalin - fixed homograft versus fresh homograft wi II be performed 

in these two models. The purpose of these experiments wi II be to determine 

if the life-saving properties of homograft in an experimental situation can 

be accomplished with a nonviable biologic dressing. 

Cutaneous Xenograft 
Humans 

Wound cover Laboratory animals 



44-1 

CONTINUED EVALUATION OF SPLIT- THICKNESS CUTANEOUS XENOGRAFT 
AS A TEMPORARY BIOLOGIC WOUND COVER FOR USE IN 

BURNED SOLDIERS 

Previous experience with viable and frozen biologic dressings has in

dicated that the following properties are common to fresh homograft, viable 

xenograft (porcine), irradiated- frozen porcine xenograft, and formalin-fixed 

allograft : ( 1) they adhere to the wound (2) histologic sections indicate in

growth of granulation tissue into the lower dermal collagen network of the 

graft (3) repeated changes of such "biological dressings" help to prepare 

the bed for autografting . 

It has also been established that allograft is the only biologic dressing 

to undergo vascularization. It has not been established whether or not 

such vascularization is important in terms of survival of the patient or the 

animal. 

Accordirigly, our work this year has been directed toward establishing 

models in which the life-saving properties of biologic dressings could be 

investigated . 

LABORATORY INVESTIGATION 

Three groups of 175- 185 9 n Sprague Dawley rats were anesthetised 

and burned to 60% body surface area . Burns were applied by scalding the 

back of the animal (30% body surface area) in boiling water for 10 seconds 

and the abdomen of the animal (30% body surface area) in scalding water for 

3 seconds . Ten cc of intraperitoneal saline were given to each rat . Follow-

ing burning. the rats were divided into three groups . In Group 1, (9 animals) 

no further treatment was administered. In Group 1 i, 30% of the burn (the 

entire 3d degree back burn) was excised . No graft was applied . In the 

third group ( 10 animals) the 30% back wound was excised and immediately 

covered with rat allograft. Survival in these three groups of animals is 

outlined in the Table. 

From this experimental data it is clear that fresh rat allograft alters 

survival favorably when compared to animals in whom half the burn wound 
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is excised and not covered. It will be the purpose of future investigation 

to determine if survival can be likewise enhanced by using nonviable formalin

fixed allograft instead of fresh rat allograft. 

A separate investigation has indicated that immediate surgical excision 

of a 30% third degree scald burn on the rat together with immediate homo

grafting significantly alters the survival of burned rats cha I lenged 24 hours 

after burning with an intraperitoneal dose of Pseudomonas aeruginosa,strain 

12-4-4. It will be the intention of this study to determine if the application 

of nonviable, formalin-fixed allograft can affect the mortality of these 

experimental animals in a fashion similar to fresh viable allograft. 

SUMMARY 

The emphasis of this investigation has been shifted from the mechanical 

properties of "biologic dressings" to the 11 life-saving 11 properties of such 

dressings. Two experimental models have been produced as a basis for 

testing whether or not nonviable allograft is as effective as viable allograft 

in reducing the mortality in these experimental animals. 

PUBLICATIONS AND/OR PRESENTATIONS 

None 
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The goal of burn care is the removal of eschar with autograft closure 

of the burn wound at the earliest possible moment. Primary excision of 

extensive burn wounds has been associated with an unacceptable blood 

loss. and staged excision prior to the development of effective topical 

chemotherapy was associated with the high occurrence rate of invasive 

wound sepsis . 

The significant improvement in survival of burn patients noted with 

the use of topical therapy has been confined to patients with burns of less 

than 60% of the total body surface. This fact has prompted a reevaluation 

of excision in patients with extensive burns in whom control of bacteria in 

the unexcised burn is possible. using Sulfamylon burn cream. Janzekovic 

and Jackson have advocated using tangential excision as a means of ex

cising just the nonviable eschar and minimizing the blood loss and non

specific trauma associated with a more formal surgical excision. 

Laboratory evaluation of a cryogenic device using liquid nitrogen 

to freeze nonviable thermally injurPd tissue with subsequent dermatome 

excision has been performed on 4 Duroc pigs, each of which had been 

given a 60% full-thickness total body surface burn. These pigs u ·derwent 

total excision on the second postburn day using a liquid nitrogen cryo

surgical instrument to freeze the nonviable tissue and a standard Brown 
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dermatome. Topical application of liquid nitrogen via a multiperforated 

delivery head rapidly froze nonviable tissue while the intact circulation 

of viable tissue presumably dissipated the negative heat loads sufficiently 

rapidly to keep it from freezing. In this preparation the frozen non-viable 

tissue was easily differentiated from viable tissue and was readily excised 

by a dermatome with minimal blood loss. The excised wound accepted 

homograft skin immediately following excision, and absence of subgraft 

suppuration confirmed the adequacy of the excision. Autografts applied 

to the wounds on the animals following a second application of homograft 

skin showed an excellent take. 

This same apparatus was used to perform excisions on 3 patients. A 

patient with an 80% total body surface area burn underwent excision of the 

anterior thighs bilaterally with what was judged to be moderate blood loss. 

The patient was covered with homograft over the excised areas. The 

patient died shortly thereafter and graft take was not measurable .A second 

patient underwent excision of abdominal and chest eschar. Bleeding was 

judged to be excessive and the technic did not appear to work well in these 

areas. A third patient was treated with cryo-excision of a leg. The 

blood loss was moderate and the procedure was considered satisfactory. 

Cryo-excisions did not µroceed as smoothly in patients as in the 

animal preparation. The use of this technic in treatment of burns of 

irregular or "yielding" areas such as the anterior chest, buttocks or abdo

men has been associated with inadequate viable-nonviable tissue differ

entiation and excessive blood loss from such areas. Invasive wound sepsis 

developed in the excised area of one patient despite the use of Sulfamylon 

burn cream on the adjacent intact eschar. In the clinical situation the 

cryogenic method appeared best suited for treatment of burns on relatively 

smooth, relatively unyielding regular surfaces such as the limbs. 

In summary, the usefulness of this technic appears limited to certain 

anatomic surface areas and technicological alterations wi II be needed to 

improve the general usefulness of this method of excision, especially in 

terms of better operative hemostasis. This investiyation is being terminated 

pending such technical improvements and refinements. 

Excision Eschar Cryosurgery Liquid nitrogen 
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Surgical excision of third degree burns with immediate grafting offor 

an attractive means of promptly removing the burn eschar and the po 1-

bility of a shortened convalescence. Major problems with this technic are 

twofold: ( 1) it requires surgical operation under anesthesia; (2) the 

procedure can involve massive blood loss. Experimental studies with 

the carbon dioxide laser ( 10. 6 micron wave length) indicate that blood 

loss can be reduced in such excisions by using this instrument. Bleeding 

is minimized because of photocoagulation of the small blood vessels. Ex

periments in pigs have indicated that blood loss with the laser is roughly 

30% of that encountered with a cold knife excision. Excellent takes of 

split-thickness skin grafts immediately applied to the freshly lased surface 

were uniformi ly obtained. The purpose of this investigation is to com

pare the use of the carbon dioxide laser with other instruments used for 

excision, including the scalpel and electroca11tery. A comparison wi II be 

made on the basis of blood loss per unit area and on the speed of ex

cision. 

In the past 3 months, 3 laser excisions have been performed. In 

2 cases the laser was compared to the cold knife. Blood loss in the areas 
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excised with the laser was less than 30% that obtained using a scalpel in 

both patients. In one patient a laser excision was compared to an electro

cautery excision. Blood loss in this case was reduced to three-quarters of 

that obtained with the Bovie. In our limited experience, the laser excisions 

appear faster than cold knife excisions but not quite as fast as the electro

cautery excision. A large number of patients wi II be required before a 

definite evaluation of laser excision can be made . 

Laser Escharotomy Surgical Excision 
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lHE USE OF A CARBON DIOXIDE LASER IN THE 
DEBRIDEMENT OF THIRD DEGREE BURN ESCHARS 

Surgical excision of third degree burns and immediate grafting 

offers an attractive means of removing the burn eschar and the possi

bility of a shortened convalescence. The major problems with this technic 

are twofold: ( 1) it requires a surgical operation under anesthesia; (:0 

this procedure involves massive blood loss (up to llO units of blood per 

single patient). 

We have been able to minimize such blood loss experimentally by 

exdsing the es char with a continuous wave ( 10. 6 micron wave length) 

carbon dioxide laser instead of the scalpel; bleeding is minimized because 

of photocoagulation of the small blood vessels. Experiments carried out 

in 3-month-old Hampshire-Landrase pigs indicate that third degree eschar 

can be excised safely and effectively with 30% of the blood loss incurred 

with the cold knife excision. Although minimal injury did occur to the 

underlying tissue, this did not effect the "take" of split-thickness skin 

autografts applied immediately to the freshly lased surface. Excisions of 

up to 15% body surface area burns in pigs have been performed with 90 -

100% graft takes. Prior experience at the Albert Einstein Medical Center 

with one patient again demonstrated reduced blood loss with graft take 

comparable to that obtained in a comparable area undergoing scalpel 

excision. The purpose of this study is to evaluate the efficacy of the 

laser for excising third degree burns in patients compared to surgical 

excisions of burns of simi tar depth, area, and location on the same 

patient. 

METHODS 

Patients selected for this study have symmetrical burns shown to 

be third degree by both clinical and histological evidence. All laser 

excisions were performed in the operating room under sterile conditions. 

Plate glass spectacles or ordinary corrective lenses have been worn by 

the surgical and anesthetic team to protect their eyes from the infrared 

laser beam. A safety inspection of the laser was made both by the 
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Environmental Hygiene personnel and by the Engineering Corps. A sterile 

vacuum cleaner nozzle was used in conjunction with the laser to clear away 

the "clean fragmentation or smoke" caused by photovapori zation of the tissue. 

Signs designating II LASER IN USE" were posted outside the entrance to the 

operating room. Nonexplosive anesthetic agents were used. 

Preoperative photographs were taken from the areas chosen for both 

laser and scalpel or both the excisions. During excision blood loss was 

monitored by collecting and weighing sponges and towels used to drape the 

patient. The ti me required for all excisions was clocked. 

Immediately following excision photographs of the eschar and under

lying base were taken. Quantitative bacterial counts were taken both pre

and postexcision from the eschar to be removed (preoperatively) and from 

the underlying base (postoperatively). Calculation of blood loss in terms of 

ml/cm2 and speed of excision in terms of cm2/minute were made. 

RESULTS 

Formal laser excision of fresh third degree burn areas have been 

performed in only 2 patients. A small operative debridement 3 weeks post

burn was performed in a third patient. The results of these excisions are 

sunvnarized in Tables I and 2. The cases 'varied considerably in both 

area and whether or not a tourniquet was used. In al I 3 cases, blood loss 

was less when the laser was used than when either scalpel, scalpel with 

tourniquet, or electrocautery was used. This difference was dramatic when 

the scalpel was used for comparision. In both cases 2 and 3, blood loss 

using the laser was less than one-third of that obtained using the scalpel. 

Although blood loss with the laser was· less than that obtained using the 

electrocautery, this was not as impressive. 

The speed of excision with the laser exceeded the speed of scalpel 

excision. In the first laser excision, where the laser was compared to 

the electrocautery, the speed of excision was somewhat less with the laser 

than with the electrocautery. Part of the problem in the initial excision was 

getting the operating room team familiar with the use of this new instrument. 
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The second laser excision, of an even larger area, actually required less time 

than did the initial laser excision and the laser excision was more rapid than 

the scalpel excision. 

The freshly lased base was tested with immediately applied autograft 

in only case 1. In this case, graft take was better than 95% on both the laser 

and electrocautery excised areas. 

CONCLUSIONS 

:-=rom our very limited experience thus far. it appears that using the 

carbon dioxide laser to excise third degree burns effectively reduces blood 

loss to one-third of that obtained when the cold knife is used for excision. 

Although blood loss with the laser was less than that when the electrocautery 

was used, this difference was less dramatic. The laser excisions appeared 

to go more rapidly than did the cold knife excisions but not faster than an 

electrocautery excision. These differences in speed were not dramatic. 

The small number of patients studied so far precludes our making any 

significant statistical comparison at this time. The one patient who was 

autografted immediately following excision showed a better than 95% graft 

take on the areas excised with the laser and the areas excised by electro

cautery. This confirms our experimental findings that the minimal damage 

caused by the laser to the underlying tissue does not inferfere with graft 

take. 

PRESENTATIONS AND/OR PUBLICATIONS 

None 
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The management of sC'vere flexor tendon injuries of the hand has been 

dramatically improv d uy tendon sheath reconstruction with an artificial 

tendon, followed b y onventional tendon grafting. The purpose of this study 

was to investigate the nature of neosheath formation. 

In 2!i chickens . the flexor tendons and sheaths in a toe were excised 

and rep lac d with a United States Army artificial tendon. An artificial tendon 

wa also placed in the back, and 4 weeks later, tendons and surrounding 

issue as well as normal tendon sheaths were excised and submitted for light, 

ransmission electron microscopy and scanning electron microscopy. 

In all instances, neosheaths formed around the si las tic coated artificial 

tendon. The neosheaths formed in the foot and back were similar to normal 

·h ath, having the same cellular and fibrous composition. Reconstruction 

of the normal anatomy with an artifical tendon explains why this surgical 

,e<:.l·.nic gives superior results to other less physiologic procedures in 

patients with severe hand injuries. 

Artificial tendons Flexor tendon injuries Homografts Chickens 

* From the US Army Biomechanical Laboratory, Washington, DC 
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LABORATORY EVALUATION OF ARTIFICIAL TENDONS AND 
HOMOGRAFTS FOR USE IN MILITARY PERSONNEL WITH 

SEVERE FLEXOR TENDON SHEATH INJURY 

Figures released by the National Safety Council reveal the grim statis

tics of 115,000 accidental deaths, 11,000,000 temporarily disabled and 400,000 

permanently disabled persons, a total cost of 23 bi I lion dollars each year. 

Upper extremity trauma, among the working population, figures prominently 

in these statistics. The high cost of time lost from work and the frequent need 

for new job traini ng. have given impetus to the investigation of new technics 

to cope with the problems of severe hand injury. 

DESCRIPTION AND INTENT 

Of all hand injuries one of the most crippling with the poorest surgical 

results, is the severed flexor tendon. Because of scar deposition following 

injury and repair, tendon gliding is often compromised in spite of good sur

gical technic. Historically, (Gonzalez RI. Plast Reconstruc Surg. 23 : 535, 

1958\ Hochstrasser AE, Broadbent TR, Woolf R . Rocky Mountain Med J. 

57 : 30, 19602; Nichols HM. Ann Surg 129: 223, 1949 3; Wheeldon T. J Bone 

Joint Surg 21 : 393, 1939
4

) surgeons have utilized m.my different artificial 

materials as "blocking agents", to surround the r eµ ired tendon in an effort 

to restrict scar formati on and facilitate gliding . These investigators, how-

v r, often used materials such as lvalon which incited a massive foreign 

bc,dy inflammatory response, resulting in voluminous adhesions and poor 

fun tion . Other agents, such as silastic, (Pontenza AD. J Bone Joint Surg. 

44A : 49, 1962) 
5 

did not incite inflammation but did block blood supply to the 

tendon, causin~J necrosis and anastomotic disruption. Though various 

artificial tendons (Grau HR, Plast Reconstruc Surg. 22: 562, 19586; Henze 

CW, Mayer L. Surg Gynec Obstet. 19: 10, 1914 7; Hunter JM . Am J Surg. 109: 

325, 196S
8
; Sakata Y. J Jap Orthop Assn 36 : 1021, 19629; Sarkin TL. Brit 

J Surg. 44 : 232, 19S6
1
0; Arkin AM, Siffert RS. AmJ Surg. 8S:795, 1953 11 ; 

Mayer L, Ransohoff N. J Bone Joint Surg. 18: 607, 1936 12 ) consisting of 

silk, wire, nylon or teflon have been periodically tried as replacements for 

damaged tendons, all relied on sutures for tensile strength, and all eventu

ally disrupted when stress exceeded the mechanical limits of the sutures. 
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Other investigations with artificial materials have been concerned with the 

reconstruction of the damaged tendon sheath before tendon grafting. Celloi

din tubes, first tried by Mayer and Ransohoff (Mayer L, Ransohoff N. J Bone 

Joint Surg. 18: 607, 1936) 12 , caused a neosheath formation from the soft 

tissue of the damaged tendon bed, but the tubes were not flexible and stiff 

finger joints resulted. Laboratory and clinical investigations by Hunter 

(Hunter JM, Salisbury RE .. J Bone Joint Surg. 53A: 829, 1971 13; Hunter JM 

Salisbury RE. Plast Reconstruc Surg. 45: 564, 1970 14) revealed that the 

damaged flexor tendon sheath could be consistently reconstructed around a 

silastic-dacron tendon. Replacing the artificial tendon 3 months later with 

a tendon graft placed into the newly formed sheath, gave results superior to 

conventional repair in severely injured hands. Because results of flexor 

tendon surgery were so dramatically improved by using an artificial pros

thesis to promote remodelling of undifferentiated connective tissue into a 

specific functi nal organ a unique example of wound healing, it seemed 

pertinent to further investigate in the laboratory the nature of neosheath 

formation. 

METHOD 

The foot of the chicken was chosen for experimentation because the 

toes are prehensile and the anatomy is analogous to the human finger, each 

toe having a sub Ii mis and profundus tendon surrounded by a synovial sheath. 

The United States Army artificial tendon was designed similar to the Hunter 

artificial prosthesis and consisted of a dacron tape coated with si lastic. Major 

differences, however, included exposure of the knitted dacron tape at both 

ends, allowing anastomosis of a porous knitted fabric to autogenous tendon. 

Because the si las tic may be peeled back from the tape, only one basic tendon 

shaft is needed, which can be cut lo fit different sized fingers. In 25 chickens 

the flexor tendons of the second, third, or fourth toes were exposed through 

mldlateral incisions. The sublimis and profundus tendons and the surrounding 

synovial sheath were excised except for 2 pulleys. An artificial tendon 3 mm 

wide and 1 mm thick was inserted under the pulleys and anastomosed proxim

ally and distally with 6-0 silk and the leg was cast in flex ion for 3 week . Four 
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weeks postoperatively the wounds were re-explored and the tendons and 

surrounding soft tissue removed as wel I as the tendon sheath from a normal 

toe. All specimens were fixed in formalin or glutaraldehyde and submitted 

for light, scanning electron microscopy and transmission electron microscopy. 

RESULTS 

In all instances neosheaths formed around the artificial tendon. Thus, 

the foot is not a privileged location and the connective tissue responds to the 

silastic in a consistent manner. ·, he sheath~ formed in the back were grossly 

more filmy than normal sheaths, and the neosheaths in the foot, thicker than 

normal sheaths. H&E stain revealed marked similarities between normal 

synovial sheaths and the neosheaths in the back and foot. Differences were 

composed of 2 layers, an inner cellular layer in contact with the tendon and 

an outer fibrous layer . Normal sheaths displayed areolar and fibrous syno

vium . The intimal layer of the areolar synovium was 2 to 4 cells thick and 

composed of cuboidal cells with dark staining ovoid nuclei. Beneath the 

underlying layer of loose filmy collagen containing many small capillaries 

was a thick layer of tightly packed collagen. In the fibrous synovium, the 

intimal layer was less defined and consisted of one cell layer of fibroblasts 

overlying a dense collagen layer. Neosheaths from the back demonstrated 

both areolar and fibrous synovium, but the underlying collagen layer was 

less dense. Neosheaths in the foot were mostly fibrous synovium, with 

skip areas of bare collagen exposed to the lumen and a sheath wall of collagen 

markedly thicker than the normal. Specimens from all locations contained 

reticulum fibers . 

Scanning electron microscopy of sheaths from all locations revealed a 

folded and pleated surface comparable to that seen in ordinary joint synovium. 

Significantly, pleated synovium (Castor CW. Arth & Rheumat. 3: 140 , 196015; 

·Wysocki GP, Brinkhous KM. Arch Path. 93 : 172, 1972 16) is normally seen over 

areas of movement in joints and in these specimens, the folds ran parallel to 

the tendon's longitudinal axis of movement. High power views (800- 4000X) 

of the neosheath surface revealed either well ordered collagen bundles with 

minimal cellularity (fibrous synovium), or a cellular surface, polypoid and 

poorly organized. Surface cells had numerous cytoplasmic projections which 

may reflect a secretory role. Pores or c!sternae seen between cells may be 
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openings through which synovial fluid enters from subintimal vessels to 

lubricate the sheaths (Redler J, Zinny ML. J Bone Joint Surg. 52A: 1395, 

1970) 17 . 

Transmission electron microscopy allowed a further comparison of ultra

structure of the sheaths. The synovial layer of all sheaths was covered by 

a layer of dense amorphous material. The underlying intimal layer was not 

a solid wall of eel Is, nor was there a basement membrane separating cells 

from subsynovium. The acellular portions of intima consisted of fine inter

twining filaments overlying an extremely thick layer of collagen. The sur

face cells had prominent processes and many cytoplasmic vacuoles. In the 

absence of a basement membrane.cytoplasmic processes may act as the link 

between underlying capillaries and sheath surface, selectively transporting 

proteins and metabolites (Barland P, Novicoff AB, Hamerman D. J Cell Biol. 

14: 207, 1962) 18 . In all sheaths, the cell population consisted of fibroblasts, 

intermediate cells, macrophages, mast cells and occasional Schwann eel Is. 

The fibrous component included collagen, elastic, reticulum. and unmyelin

ated nerve fibers. The fibroblast was the most common cell, having cyto

plasm rich in goigi complexes, endoplasmic reticulum, mitochondria and free 

ribosomes. Cells that were .morphologically similar to Tys:,e A and B joint 

synovial cells seen in normal tendon sheaths were also found in tne neo

sheaths from the back and foot. The type A eel Is had extensive cytoplasmic 

projections, numerous intracytoplasmic vacuoles, either empty or containing 

amorphous material, fibri Is, fi lopod ia and many vesicles and mitochondria. 

There were fewer type B eel Is and these had fewer projections than type A 

cells, but many dilated cisternae of endoplasmic reticulum filled with amor

phous material of medium electron density. Many of the cells contained 

features of both A and B types, being plumb vith abundant cytoplasm, having 

complex projections and numerous cytoplasmic vacuoles, pinocytic activity 

and dilated enodplasmic reticulum . Neosheaths from the back and foot also 

had large cells fi lied with bundles of fibri Is and lysosomes suggesting they 

were active in collagen production. 

DISCUSSION 

These studies show that the development of connective tissue sheaths 
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around artificial silastic-dacron implants results in a structure similar to 

normal tendon sheaths. It is important to note that some investigators have 

believed this sheath to be a tube of scar, a very erroneous over- simplific.ition . 

Transmission electron micros<.:opy has confirmed that a differentiated struc

ture forms with well defined layers and cells other than fibroblasts. Type A 

and B cells previously described in joint synovium have been identified. 

It is believed that the A cells are phagocytic, and that B cells with abundant 

ergastoplasm. synthesize and secrete protein. Sheaths from each location 

contained elements of fibrous and areolar synovium. Though Wysocki 

associated a wavy, rugated sheath appearance with areolar synovium, it 

was seen in our specimens with fibrous synovium as well. Both normal and 

neosheaths had tissue oriented longitudinally along the lines of stress, tendon 

movement, or shape of the shaft. The successful harvesting of neosheaths 

from the back comparable to those grown in the loot raises the tantalizing 

possibility of a tendon sheath free graft. Once the surgeon determines that 

the tendon injury is severe enough to warrant reconstructio11, perhaps an 

artificial tendon could be implanted in the back and the sheath later trans

ferred to the injured digit with a tendon graft at the time of elective excision 

of the damaged tendon. This challenge wi II be the subject of future work . 

SUMMARY 
Though no technics of end anastomosis have been found to be reliable 

under unlimited stress, si las tic coated artificial tendons placed into the 

damaged tendon bed fora.limited time will facilitate reconstruction of a neo

sheath. Light, scanning electron microscopy and transmission electron 

microscopy studies reveal close similarities between neosheaths in the foot 

and back and normal flexor tendon sheaths, explaining why the reconstruc

tion of the normal anatomy with an artificial implant has produced superior 

results in tendon repair. 
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Hypertension In the healthy and ill soldier may result from 
several etiologies which have been previously well investigated 
and sodium in the hypertension of individuals with renovascular 
disease is poorly understood. Interference with the blood supply 
to one kidney in humans and experimental animals results In hyper
tension which is characterized by Increased renin release by the 
involved kidney. The exact mechanisms responsible for this form 
of hypertension are not clear but seem to be related to the in
creased formation of Anglotensin II which has a strong pressor 
action, secondary aldosteronism, and fluid retention by the is
chemic kidney. Renal ischemia also gives rise to increased 
proximal tubular sodium reabsorptlon; however when the contra
lateral kidney has been removed or has decreased blood resulting 
from a markedly stenotlc renal artery lesion, there Is no mech
anism present to excrete the retained sodium. This results in 
a positive sodium balance and Increased blood volume. 

It appears from previous studies that hypertension from 
unilateral renal artery stenosis Is directly related to the 
elevated plasma renln concentrations (renln hypertension). How
ever, the hypertension associated with bilateral renal artery 
stenoses may be a "volume hypertension", when the stenoses are 
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greater than 50%. Hypertension due to a transplanted kidney with 
renal artery stenosls also appears to be analogus to the hypertension 
resulting from moderate or severe unilateral renal artery stenosls 
with contralateral nephrectomy. This would explain the apparent 
discrepancies of both high and low renin concentrations reported 
in such patients. This study was undertaken to determine the rela
tionship of sodium balance to plasma renin concentration and resul
tant hypertension In the conscious dog with chronic unilateral 
renal artery stenosis and in unilateral renal artery stenosis with 
surgical removal of the contralateral kidney. This animal model 
is analogous to soldiers with varied causes of renovascular hyper
tension. 

The studies are conducted on conscious, trained, adult mongrel 
dogs weighing 15 to 25 Kg. The dogs are divided into two groups 
with four dogs in each group. The Group I dogs have a 40 to 60% 
occlusion of the right renal artery produced with a silver clip 
while the Group II dogs have an 80 to 90% occlusion of the right 
renal artery. The dogs are fed a weighed portion of dog chow 
daily containing 6 mEq of sodium per Kg body weight. They are 
maintained In metabolic cages and have accurate dally measurements 
of intake and output as well s daily weights. Serum and urinary 
electrolytes are obtained daily along with seria} plasma renln 
concentrations, and serial determinations of the creatlnlne clear
ance. Direct blood pressure measurements by the percutaneous in
sertion of an intra-arterial cannula attached to a Statham strain 
gauge manometer are obtained every other day. The study periods 
are as fol lows: (1) control periods, 7 days, (2) stenosis of the 
right renal artery created on day 8 with a fourteen day post oper
ative study period, (3) stenosls of the left renal artery is per
formed on day twenty-two with another fourteen day post surgical 
study period. (4) right nephrectomy is performed on day thirty• 
five with a fourteen day post operative study period. 

This study has just been initiated and sufficient data have 
not been obtained to permit val id conclusions at the present time. 

Hypertension 
Renal Artery Stcnosls 
Dog 
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There are many well defined stimuli to the renin-anglotensin• 
aldosterone systems in normal and injured soldiers. The control 
of aldosterone secretion in the anephric state and renin secretion 
In the aldosterone deficient state have yet to be elucidated. This 
study was designed to determine the role of potassium deficiency 
and potassium loading on renin production in the aldosterone de
ficient animal. Metabolic balance studies were performed on five 
adrenalectomized dogs placed on a zero potassium diet and then a 
diet high in potassium (150 mEq/day). No significant difference 
In plasma renln concentration was noted during potassium defici
ency or potassium loading. These studies suggest that aldoster
one secretion may indeed be required to Induce hyperreninemla in 
potassium depletion and hyporenlnemla In hyperkalemia. 

Renin 
Potassium 
Aldosterone Deficiency 
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ROLE OF ALDOSTERONF. IN ALTERATIONS OF RENIN SECRETION 
ASSOCIATED WITH K+ DEFICIENCY AND K+ LOADING 

This study was designed to determine the role of aldosterone 
during K+ depletion-Induced hyperreninemia and K+ loading hypo
renlnemia in the dog. Both phenomena have been recently observed 
in intact dogs and rats. Potassium deficiency Is associated with 
an early natriuresls which may be the result of suppression of 
aldosterone secretion secondary to K+ deficiency. This initial 
period of sodium depletion rather than K+ deficiency directly may 
be the stimulus for the observed increases in plasma renin activity 
(Figure 1). Potassium loading might cause hypersecretion of aldos
terone leading to sodium retention and suppression of renin release 
by this mechanism rather than by a direct action effect of K+ 
loading. 

METHODS 

Five adrenalectomized dogs maintained on 0.75 mg dexamethasone 
and 0.5 mg desoxycorticosterone IM dally were studied on a zero K+ 
diet over twenty days and then re-studied on a diet containing 150 
mEq K+ (high K+). Metabolic balance studies were carried out for 
Na+. K+, and c1-, plasma renln activities (PRA) were sampled per
iodically. 

RESULTS 

Potassium depletion occurred In approximately ten days with a 
mean cumulative potassium balance of -97 mEq. A mean control serum 
K+ was 4.4 mEq/L and fell to 3.1 mEq/L during K+ depletion. The 
mean plasma renln concentration rose from 3.2 ng/ml/hr during the 
control period to 5.8 ng/ml/hr during the experimental period. 
(Figure 2) There was a mean cumulative sodium balance of +25 mEq. 

Potassium loading was associated with marked increases in 
urinary potassium excretion with a slight or no change In serum 
potassium. Plasma renln contentrations did not show the expected 
decreases but Increased or remained unchanged (Figure 3). 

CONCLUSION 

These studies do not show the changes In PRA that have been 
observed In the intactanlmal during K+ deficiency of K+ loading 
These studies _5!2 suggest that changes In aldosterone secretion 
may Indeed be necessary for K+ depletion Induced hyperrenlnemla 
and K+ loading Induced hyporenlnemla. 
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Effect of Potassium Loading on Plasma Renin Activity 
in the Adrenalectomized Dog

PR A
nq/ml/hr

Control ' ' 1 50 mEq K* infoke '1' Control
25
20
15
10 1 ■ 11
5 1 1 1 1 1
0
6 . 1
5
4

-----------

Figure 3: Balance data showing changes In plasma renin activity 
during control periods and during a period cf potassium loading in the 
edrenalertomlzed dog.
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23. (U) Patients with thermal injury have been noted to have a persistent mild 
azotemia despite the more vigorous fluid resuscitation regimens such as the Brooke 
Formula. This study was undertaken to evaluate the renin-angiotensln-aldosterone 
system in the severely burned soldier.

24. (U) Twenty-seven thermally injured patients ranging from 7-72 years of age with 
thermal injury ranging from 10 to 82% of body surface were evaluated. Serum BUN, 
creatinine, electrolytes, total protein and albumin, and urinary electrolytes were 
measured. The glomerular filtration rate, peripheral plasma renin concentrations, and 
plasma volumes were measured at various intervals after thermal injury.

25. (U) 72 07 - 73 06 These patients were noted to have uniform depression of the
glomerular filtration rate with a mean of 71.3 ml/min plus or minus 6.8 after complete 
fluid resuscitation and restoration of plasma volume. Hean urinary potassium 
excretion was 70.4 mEq/llter plus or minus 5.6. These patients were also noted to have 
avid urinary sodium reabsorption. Plasma renin concentrations ‘.ere markedly elevated 
itnnediately postburn and remained elevated despite restoration of plasma volume. The 
specific stimulus for the activation of the renin-angiotensln-aldosterone system In 
these patients at a time when plasma volume was shown to be normal remains unexplained. 
An attractive explanation for these findings Is peripheral A-V shunting at the site of 
thermal Injury. This would account for the great heat loss, the supernormal cardiac 
output with lowered peripheral resistance previously demonstrated In such patients at
a time when plasma volume was normal.
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ABSTRACT 

PROJECT NO. 3Al61l02B71P-08, BASIC RESEARCH IN SUPPORT OF MILITARY 
MEDICINE 

REPORT TITLE: A STUDY OF THE RENIN AGNIOTENSIN ALDOSTERONE SYSTEM 
IN THE THERMALLY INJURED SOLDIER 

HYPERRENINEHIA IN THE THERMALLY INJURED PATIENT 

US Army Institute of Surgical Research, Brooke Army Medical Center, 
Fort Sam Houston, Texas 78234 

Investigators: Philip W. Rogers, HD, Major, MC 
Neil A. Kurtzman, HD, Lieutenant Colonel, MC 

Reports Control Symbol MEDDH-288(RI) 

Plasma renin levels were determined in twenty-seven patients 
with thermal injury of from 10-82% of body surface who received 
fluid replacement according to the Brooke formula. All patients 
gained weight and usually developed edema in non-burned areas. De
spite a positive salt balance the patients comnonly elaborated a 
salt-free urine. The mean urinary potassium excretion was 70.4 + 
5.6 (SE) mEq/L and hypokalemia developed unless massive doses of KCI 
were administered. Serum albumin was depressed, mean 2.6 + 0.2 (SE) 
gm%; GFR was depressed, 72 + 7 ml/min; and filtration fraction was 
high. Renln values were uniformly elevated, 36.5 ng/ml/hr + 9, (nor
mal 0.5 + 1.5) range 4-129, and are the highest values we have noted 
utlllzing the radioi11111unoassay technique. These values remained 
elevated for as long as 2 months, In the presence of normal measured 
blood volume. Blood pressure was invariably normal. Cardiac output 
was high, and pulmonary artery and wedge pressures were normal. The 
level of plasma renin concentration correlated only with the size of 
the burn. We postulate that shunting of blood In the area of burn 
injury results in significant and prolon~ed renal ischemia resulting 
in hyperreninemia. Hypoalbuminemia may Jlso contribute slightly to 
the hyperrenlnemia. 

Renin 
Azotemi• 
Hyperaldo1teroni1m 
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HYPERRENINEMIA IN THE THERMALLY INJURED PATIENT 

The incidence of acute renal failure in the thermally injured 
patient has greatly diminished as the result of vigorous fluid 
resuscitation. Such fluid resuscitation prevents vascular collapse, 
renal ischemia, and the deposition of nephrotoxlc substances in the 
renal tubules. Despite such resuscitation regimens, azotemla re
mains an unexplained problem in many burn patients. 

Previous studi~ j from the US Army Institute of Surgical Research 
1 (Pruitt BA, Jr., Mason AD, Jr and Moncrief JA: J. Trauma 11: 36, 1971) 

have shown a precipitous decrease of cardiac output to 50% of normal 
during the first 6 hours of injury with a return to normal by 12 hours 
after injury and an increase to two times normal output after l6 hours 
with restoration of normal plasma volume. The total peripheral resis
tance is reciprocal to this curve, - high during the first 6 hours 
after injury, then continuing to drop over the next 54 hours to approx
imately 40% of the normal calculated value. Mean arterial blood 
pressure Is slightly diminished or normal throughout most of the 
postburn course. RISA blood volume determinations reflect complete 
restoration to normal of the plasma volume at 54 hours. Further re
cent observations of the thermally injur,ed patient are shown in Table 
I. These observations suggest marked secondary hyperaldosteronism 
although the specific stimulus remains unknown. The present study 
was undertaken to evaluate the role of the renln-angio-tensin system 
in such patients. 

METHODS 

Twenty-seven patients, 7 to 72 years of age, with thermal injury 
of from 10 to 82% of the total body surface were evaluated. These 
patients did not have heart disease, hypoxia, hyponatremia, or sepsis. 
They were studied at intervals during their postburn course ranging 
from the first to the sixty-second postburn day. Fluid resuscitation 
was administered according to the Brooke formula. 

Serum BUN, creatinlne, electrolytes, total protein and albumin, 
and urinary electrolytes were measured on all patients. Glomerular 
filtration rate was measured by the sln9le Injection technique using 
[1251] Iothalamate. Peripheral plasma renln concentrations were 
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measured by the ,·adloirrmunoassay technique (Haber E, Koerner T, Pa~e 
LB, Kliman B, and Puruode A: J Clin Endo and Hetab 29: 1349, 1969) 
!normal 1-3 ng/ml/hr]. Blood volume studies were performed by the 

1 chromium-tag~1ed red blood eel I technique. 

RESULTS 

Shown in Figure I is the plasma renin activity on the ordinate 
and the number of days postburn on the abscissa. Of great interest 
was the consistent finding of greatly elevated plasma renin activity. 
The plasma renin activity is greatest during the innediate postburn 
period and progressively decreases during the convalescence. Figure 
2 shows plasma renin concentrations occurring in three patients dur
ing ~heir hospit il lization. Again, the plasma renin activity progres
sively decreases as the burn wounds heal or are grafted and approaches 
the normal value at approximately thirty-days post burn. 

Shown in Figure 3 is the relationship of the peripheral 
plasma renln activity to the percent of burned surface area during 
the first 14 days postburn. The plasma renin activity plotted on 
the ordinate ranges from 3 to 128 ng/ml/hr while the percent burn 
plotted on the abscissa ranges from 10 to 82%. Values obtained dur
ing the first seven postburn days are demonstrated by the closed 
circles, and those obtained from day seven through 14 are demonstrated 
by the closed triangles. There appears to be a definite relationship 
between the size of the burn and the magnitude of elevation of plasma 
renin activity. 

The relationship of the plasma renin activity to sodit111 excre
tion in the burned patient is shown in Figure 4. Shown on the 
ordinate Is the plasma renin activity, and on the abscissa urinary 
sodium concentration in mEQ/L. The higher values for plasma renin 
activity are associated with the lower urinary sodium concentrations. 

The following formula shows the relationship of these data. 

Renin (ng/ml/hr) • -3.85 + .92 (% B) - .54 (PBD) 

certain of these factors are intercorrelated and multiple linear 
regression analysis shows that the statistically significant values 
for the best prediction of renin concentration are size of burn and 
time postburn. 

Blood volume studies using 51 chromium-tagged red blood cells 
were done on 7 patients during the first through the twelfth post 
burn days are shown in Table II. Patients 1,2 and 4 have measured 

·, 
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blood volume -. r o lt'r 111 th pr di l d value. These values were 
obtained mor th ,.>n O h. , " po tburn. In patient number I, the 
urinary odlun n 11t r 1' lu11 I odrquatc, and yet the plasma renin 
concentrall •ln r•moln mJrk •dly •Iv ted. This disparity wu doubt
les due l J N Hco3 x r •lion ~ ondary to the topical application 
of sulfamylon, a potent a rbonl anhydrase Inhibitor. The urinary 
chloride oncentr lion wa 4 mEq/L. Patients 2 and 4 have low 
urinary sodium onc •ntr Lion and also have elevated plasma renin 
concentration. Th oth r patients, who were tudied earlier in 
their postburn cour e, hav blood volumes less than the predicted 
value and greater plasma renln concentrations. 

DISCUSSION 

Renal under ·perfusion may affect sodium excretion in three 
possible ways (Pruitt, et2al, 1971) a fall in g1omeru1ar filtration 
rate, (Haber, et al, 1969) increase In renln productlo~ and hence 
alderstrone secretion, and (Davies JWL: Clln Sci, 1967) peripheral 
arterial-venous shunting at the site of thermal of Injury. Sodium 
loss from the burn wound is difficult to measure; however, studies 
by Davies (Davies JWL, 1967) have shown that the maximal loss In 
large burns Is approximately 150 mEq/day. Sodium depletion is un
likely since most patients have a positive sodium balance of 300-500 
mEq. Also these patients have edema In nonburned areas. Marked 
contraction of the extracellular fluid space again Is unlikely since 
normal blood and plasma volumes are associated with elevated renin 
concentrations. 

The most attractive explanation for thes~ findings is peripheral 
A-V shunting. This would account for the great heat loss, and the 
supernormal cardiac output with lowered peripheral resistance pre
viously demonstrated In such patients at a time when plasma volume 
was normal. Peripheral A-V shunting would thus result In contraction 
of effective arterial blood volume resulting In decreased renal per
fusion, Increased renln production and secondary hyperaldosteronlsm. 
The amount of peripheral A-V shunting depends on the size of the burn 

. wound and Is reflected by the magnitude of elevation of plasma renln 
activity. As was previously mentioned, there is a direct correlation 
between the percent of surface area burned and the magnitude of eleva
tion of the peripheral arterlo-venous shunting In the burn wound might 
well be that stimulus. It I suggested that the clinical estimation 
of tissue perfusion and chan~es In urinary sodium excretion are the 
most reliable guides to perentera1 fluid administration and the ade
quacy of an "effective" blood volume. 
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23. (U) To evaluate the effect of ketamlne on the Incidence of stress ulcers In the 
rat as a model of thermally Injured troops. 

24. (U) Using a standard technique of rat restraint for producing gastric stress . 
ulcers, ketamlne wl 11 be given to evaluate Its eff.ect on this Incidence relative to 
the work of others and our own controls. 

25. (U) 72 12 - 73 06 In a study of over lOO rats, ketamlne has been shown to 
significantly Increase the Incidence and severity of ulcers utll lzlng the restraint 
technique. This work Is continuing. 
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Ketamine is an intravenous anesthetic which has, since Its intro
duction in 1967, gradually become the principle agent used Inanes
thetic management of the thermally injured patient. Although the 
significant cardiovascular and central nervous system effects of the 
drug have been intensively investigated, no pub1 ished data exists on 
the effects of this drug on the gastrointestinal system, particularly 
gastric function. Since gastroduodenal ulcers significantly Influence 
the morbidity and mortality of the burn patient, we undertook to eval
uate the effect of ketamlne on the production of stress ulcers. The 
rat restraint model was chosen because it had been demonstrated to 
produce a lesion in the rat hlstologically compatible with human 
stress ulcers. The Incidence and severity of these ulcers can be 
Influenced by various drugs known to influence ulcer formation In the 
hLIMn. 

The model was constructed to produce a 50% incidence of ulcers in 
the rat when only restraint, after a standard period of starvation, 
was utilized. Various drugs, in addition to ketamine, were added to 
the protocol In order to evaluate their Influence. 

Administration of ketamine has produced virtually 100% incidence 
of ulcers In the restrained rat, whereas the control restraint model 
has produced approxim~tely a 40-50% incidence of ulcers. In an 
effort to delineate whether the effect of ketamine was drug induced 
or of psychogenic origin, halothane was administered to two groups of 
rats which were restrained, one of which had ketamine prior to 
restraint. Neither group formed any stress ulcers. Since halothane 
has known visceral vasodilating properties, in addition to its 
anesthetic ability, another group of rats had pretreatment with 
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a vasodllatlng dose of dlbenzylene in the awake state before 
restraint with and without ketamlne. In these groups, the incidence 
of ulcers In the control group was unchanged; however, the incidence 
of ulcers In the ketamlne group reverted fran the normal 100% 
to the same Incidence as the control groups . 

. This work Is Incomplete and requires further evaluation of the 
mechanism of action of ketamlne In producing stress ulcers In the 
restrained rat. This work Is continuing. 

* From the Department of Anesthesiology, Brooke Army Medical Center, 
Fort Sam Houston, Texas 78234 

Ke tam I ne 
Stre5$ ulcer 
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23. (U) Pulmonary injury due to the inhalation of products of Incomplete combustion 
or toxic fumes may be quite lethal by itself and when this injury occurs in 
association with a cutaneous thermal injury the mortality is very high. The incidence 
of Inhalation injury In a large series of burns by standard clinical criteria has been 
reported to be about 3%. The diagnosis of Inhalation Injury with the use of the 
133 xenon lung scan has proven to be a far more accurate diagnostic tool than If 
clinical criteria are used alone. The objective of this study Is to evaluate the use 
of systemically administered steroids as a means to treat this injury in military 
personnel. 

24. (U) All patients between the ages of 15-40 years who have sustained burns within 
48 hours of admission \-1111 be double bl lnded and randomized In t he administration of 
steroids as a means to evalua t e them In the treatment of Inhalation injury . The 133 
xenon lung scan will be used to detect the presence or absence fan inhalation Injury. 

25. (U) 73 03 - 73 06 As of this report too f ew pati ents have been entered Into 
the study and no conclusions can be made as of now • 
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ABSTRACT 

PROJECT NO. 3Al62110A821-00, COMBAT SURGERY 
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All patients with burns of less than 48 hours duration and between 
the ages of 15 and 40 years will be Included in this study. A double 
blind randomized study for the evaluation of system·cally administered 
steroids in the treatment of inhalation injuries Is the purpose of this 
study. The cri\~ria for diagnosis of a respiratory burn is solely based 
on an abnormal llxenon lung scan. The admission chest film must be 
normal. Once the diagnosis of inhalation injury has been made all 
patients will receive a standard treatment regimen. The steroid to be 
administered is Solu-Hedrol, 30 mgs per kilogram per dose, Intravenously 
in three divided doses for three days. The criteria for effectiveness 
of steroids In the management of inhalation injury will be comparative 
analysis of hospital course, chest x-rays and pulmonary function tests 
of control and treated groups. 

Burns 
Inhalation Injury 
Sterol ds 

* Nuclear Med Off, Dept of Medicine, Brooke Army Medical Center, Fort 
Sam Houston, Texas 78234 
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23. (U) To study the marked responses In flbrlnogen, fibrin-degradation products, 
In vitro flbrlnolytlc activity, and other coagulation parameters In the thermally 
Injured rat model of the burned soldier. 

24. (U) Rats are given a 30% scald burn followed by resuscitation. Half of the 
animals' burn wounds are then seeded with Pseudomonas aeruglnosa, ISR strain 8-28-3. 
They are sacrificed at one and four hours, one, two, three, six, and ten days postburn 
for study. 

25. (U) 72 10 - 73 06 Few differences In the parameters studied have been found 
between the burned rat and the burned-lethally Infected animal. In contrast to 
previous studies, platelet counts have been virtually Identical In the two groups. 
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ABSTRACT 

PROJECT NO. 3Al62110A821-00, COMBAT SURGERY 

REPORT TITLE: FIBRINOGEN-FIBRIN DEGRADATION PRODUCTS IN THE 
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The elevations In flbrlnogen-flbrln degradation products in the 
thermally injured animal are wel 1 known (Meyers A: Arch. Surg. 105: 
404, 1972) • The significance and mechanism of these changes are un
known. Infection may Impose an additional lethal Insult to such an 
animal. This study compares such changes and various other Indices 
following burns in a group of male Sprague-Dawley rats given a 30% 
dorsal scald burn with the changes in a similar group of rats which 
was burned and subsequently seeded with pseudomonas, ISR strain 8283. 
The latter animals expired in all cases within six days postburn, 
while the survival of the rats which were only burned was nearly 100%. 
Methods of measuring the various hematologic Indices were those pre
viously used in this lab. 

No statistically significant difference in the patterns of re
sponse have been noted in flbrlnogen-flbrln degradation products, 
serial thrombin time, or hematocrits. In contrast to p'revlous reports, 
(Newsome TW , Eurenlus K: . Surg. Gynecol & Obstet 136: 375, 1973) 
platelet counts appeared to be insignificantly affected by Infection 
in the thermally Injured rat. 

Thermal Injury 
Burn wound 

Flbrlnogen-fibrln degradation products 
Infection 
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FIBRINOGEN-FIBRIN DEGRADATION PRODUCTS 
IN THE THERMALLY INJURED ANIMAL 

Previous studies in this Institute have shown dramatic changes 
and close similarities in the concentration of flbrino9en in the 
thermally injured rat and human. Other investigations have revealed 
rapid elevations in the titer of flbrin-flbrlnogen degradation pro
ducts following burns and with certain fungal infections. The signi
ficance and mechanisms of such changes are unknown. 

Infection in the thermally Injured animal frequently leads to 
the death of the animal regardless of the size of the burn. Infection 
may also cause changes in the fibrlnogen concentration or split pro
duct titers and these may be helpful In diagnosing the presence of 
infection or the cause of abnormal bleeding. 

Other hematologic indices In the burned animal may also show 
marked changes but, except in a few Instances, have not been corre
lated with the presence of infection. A need for such studies became 
apparent when the presence of bone marrow suppression, disseminated 
intr~vascular coagulation, or fibrinolysls were seen or suspected in 
the thermally injured soldier. It seemed possible to compare such 
changes in a controlled situation by studying the laboratory rat model 
of burn wound lnfection(Te~lltz C, Davis D, Mason AD, Moncrief JA: J 
Su.rg Res 4: 200-216, 1964) • A group of Sprague-Dawley, Holtzman 
str~ln, white rats have been given a 30% dorsal scald burn. lnmedi
ately after burning approximately one-half of the animals were seeded 
with a virulent strain of pseudomonas (ISR stsain 8283). Sacrifice 
under methoxyflurane anesthesia was performed by lntracardiac puncture 
and exsanguinatlon. Blood obtained by this technique was used for all 
subsequent studies. Groups of rats were sacrificed at one and four 
hours and one, two, three, six, and ten days postburn. Fibrinogen was 
determined by the turbldlmetrlc technique. Fibrin degradation products 
were determined by the staphylococcal clumping assay. Platelet counts 
were performed by phase microscopy. Hematocrlts were done by capillary 
tube methods. Thrombin times were performed on each sample inmediately 
after drawing, at one-half hour, and at one hour intervals post-sacri
fice with a standard thrombln solution. 

There have been few statistically significant differences in the 
two groups of rats studied. Maximal flbrlnogen values occurred on the 
second postburn day and averaged 300 mg % in the noninfected group and 
600 mg% in the Infected group. These values are significant at the 95 
% level. The highest values for flbrln-flbrlnogen degradation products 
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were measured by day three in the burned group and by day two in the 
infected animals. Both levels were about three to four times normal 
for such animals. Platelet counts have shown no statistically signi
ficant differences between the two groups. Peak values were obtained 
in the burned animals by day 9 and were about one and one-half times 
normal. Counts in the infected animals had their maximal elevation by 
day six and were slightly lower than In the burned animals. Thrombin 
time determinations, done serially as described, showed virtually 
identical curves In control, burned and infected animals. There was 
a moderate prolongation of the one hour time as compared with that done 
at zero time thus indicating measurable in vitro fibrinolytic activity. 
Hematocrits were not different during the first six days postburn. All 
animals died within six days-attesting to the virulence of the pseudo
monas strain. 

At this point in the study, i t would appear that the added stress 
of Infection insignificantly ch;ngei the pattern of the hematologic 
indices that have been studied. In particular, neither the elevated 
fibrinogen nor split product titers were different in the burned or 
burn-infected groups. This would seem to suggest that in the burned 
rat, disseminated intravascular coagulation is not an accompaniment of 
burn wound sepsis as it may occasionally be in its human counterpart. 
In-vitro fibrinolytic activity was not different in the two groups as 
evidenced by identical serial thrombln times curves. The similarity 
in platelet counts in this preliminary report was interesting because 
previous investigators have shown a marked suppression in infected an
imals of the usual postburn rise. However, since different investigators 
have used different strains of pseudomonas, studies are not, perhaps, 
completely comparable. 

Work is continuing in this area to more fully define the pattern 
of change in the hematologic indices studied and the implications of 
such changes to the thermally injured or infected animal. 
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23. (U) In order to better understand the metabol lc, hepatic, and hematologic derange
ments of the burned soldier, the controls of bllirubln production from heme pre-
cursors are examined lnmedlately after thermal Injury and during convalescence. 
The rate of bilirubln synth,?sls is correlated with red blood cell survival, levels 
of erythrold and nonerythrold heme substrate, glucagon and epinephrine levels. 

24, (U) The Injured soldier is studied acutely postburn and then during convalescence. 
Routine hemolytic studies, BSP retention, blllrubin, glucagon and epinephrine levels, 
and liver function studies are obtained during each study period. The chromium-SI 
RBC survival time and the rate of endogenous carbon mono~ide production are measured 
simultaneously as a reflection of the rate of hemoglobin destruction and bil I rub In 
production, Convalescent patients and normal controls are studied similarly during 
Infusions of epinephrine, glucagon, or amino acids. The effects of epinephrine, 
glucagon, hemolysls, Ineffective erythropolesls, and Increased non-erythroid heme 
catabollsm on the rate of bil lrubln production are determined. 

25. (U) 73 03 - 73 06 The rebreathlng system to measure endogenous carbon monoxide 
production has been designed. When the CO chamber for the Van Slyke gas analyzer 
arrives, controls can be studied, the sensitivity of the system determined, and the 
study begun. 
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Hyperbillrubinemia has been recognized in over 50% of the ther
mally injured soldiers admitted to this unit, and may be related to 
hemolysis, ineffective erythropoiesls, Intrinsic liver dysfunction, 
or the Increased metabolism of nonerythrold ferroporphyrlns, such 
as hepatic enzymes and .circulating myoglobln. Since the early post 
burn period Is characterized by a hypercatabollc state with elevated 
plasma levels of glucagon and catecholamines, the hyperblllrublnemla 
may in part represent an over-utilization of heme substrate secondary 
to caloric deflclencins as well as glucagon and catecholamine stimu
lation of heme oxygencse activi t y. 

In order to eval uate the regulation of blllrubln production from 
heme precursors, and to define the contributions of erythrold and 
nonerythrold heme substrate to the bll lrubln pool of the burned 
soldier, we are comparing the rate of blllrubln production as measured 
by the rate of endogenous carbon monoxide production with the rate of 
hemoglobin destruction as measured by chromilln-51 red blood cell sur
vival in the lnmedlate postburn and convalescent periods. By corre
lating changes In the rate of bll lrubln synthesis with fluctuations 
In the levels of heme substrate, glucagon, and epinephrine, we will 
gain Insight Into the metabolic controls of blllrubln production and 
red blood cell survival after thermal Injury. 

We have accumulated no data as yet, but are in the midst of 
refining our techniques for the measurement of endogenous carbon 
monoxide production and serum glucagon levels. 
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